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SUMMARY

The properties and bactericidal activities of strong acidic electrolyzed water (SEW) and weak
acidic electrolyzed water (WEW) against food-bome pathogenic bacteria were investigated. The
available chlorine concentration, pH and oxidation reduction potential (ORP) of SEW were
35£1.2 ppm, 2.3+0.2, and 1,140+20.4 mV, respectively, whereas those of WEW were 35+1.4
ppm, 6.5+£0.2, and 753%11.3 mV, respectively. Five strains of food-borne bacteria and two strains
of putrefactive bacteria with initial cell number of 1.0x10” CFU/mL were not detected when they were
treated with SEW and WEW for 30 sec. The number of Bacillus cereus, spore forming bacterium, was
reduced to 1.0x10* CFU/mL at the same condition. The available chlorine concentration of SEW
dramatically decreased from 35 ppm to 1.2 ppm after 1 week storage and remained only 0.1
ppm after 4 weeks under open condition at room temperature. It was supposed that chlorine
was vapored to the air because of open storage condition. pH and ORP of SEW were not
significantly changed during storage. On the other hand, bactericidal activities of SEW against
Escherichia coli O157:H7 and Listeria monocytogenes were not changed after 1 week storage
but bactericidal activities of SEW were disappeared after 2 weeks. When E. coli O157:H7 and
L. monocytogenes were treated with SEW after 4 weeks storage, 4.7 log of L. monocytogenes
and 2.8 log of E. coli Ol157:H7 were survived. The changes of available chlorine
concentration and bactericidal activities of WEW were almost same as those of SEW. The
available chlorine concentration, pH, ORP and bactericidal activities of SEW and WEW were
almost not changed during 4 weeks under closed storage condition at room temperature. In
case of SEW, E. coli O157:H7 with initial cell number of 7.0 log CFU/mL was reduced to
2.5 log CFU/mL at 0.1 ppm of available chlorine concentration and not detected at 0.5 ppm.
L. monocytogenes with initial cell number of 7.0 log CFU/mL was detected at 0.5 ppm of
available chlorine concentration and not detected at 1.0 ppm. The minimum range of available
chlorine concentration for bactericidal activities of WEW was almost same as that of SEW,
On the other hand, ORP of SEW and WEW increased with increasing available chlorine
concentration and ORP of SEW at 20 ppm of available chlorine concentration was 1,100 mV.
High ORP means strong oxidation activity. These results indicate that SEW and WEW are
strong oxidative agents and oxidation activity is source of bactericidal activities of SEW and
WEW. The pH of SEW at 0.5 and 1.0 ppm of available chlorine concentration were 4.61
and 4.62, respectively. Bactericidal activity of the buffer solutions at pH of 3.0, 5.0 and 7.0
without available chlorine against E. coli O157:H7 and L. monocytogenes were not observed.

However, in case of buffer solutions with available chlorine, bactericidal activities increased
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with increasing available chlorine concentration. At more than 1.0 ppm of available chlorine
concentration, E. coli O157:H7 and L. monocytogenes were not detected regardless of pH. At
more than 15 ppm of available chlorine concentration of SEW and WEW, Vibrio vulnificus
and Vibrio parahaemolyticus that are main pathogenic bacteria in sea food were not grown
regardless of time treatment. However, bactericidal activities of SEW and WEW were
observed when both strains were treated for 15 sec at 10 ppm, 30 sec at 5 ppm and 60 sec
at 1 ppm of available chlorine concentration, respectively.

When carrot, lettuce, perilla leaf, and cucumber purchased at local market were washed with
10 times volume of SEW for 30 sec, 2, 2, 4, and 2 log of viable cell number on them were
reduced, respectively. When they were washed with 10 times volume of SEW for 60 sec, 3, 3,
4 and 2 log of viable cell number on them were reduced, respectively. When they were washed
with 10 times of SEW for 30 sec after washing with 10 times volume of strong alkalic
electrolyzed water (AEW) for 30 sec, 4, 4, 5 and 3 log of viable cell number on them were
reduced, respectively. In case of radish and soy bean sprouts, however, only 1 or 2 log of viable
cell number on them were reduced even though they were washed with 10 times volume of SEW
for 60 sec. The 4 log of viable cell number on radish and soy bean sprouts were reduced when
they were washed with 10 times of SEW for 30 sec after washing with 10 times volume of AEW
for 30 sec.

When welsh onion, garlic, onion, winter mushroom, plum, mung bean sprout, and cabbage
supplied to school meals were washed with 10 times volume of SEW for 30 sec, The bacteria
were not detected on plum and 3, 4 and 2 log of viable cell number on onion, winter mushroom,
and cabbage were reduced, respectively. The bacteria were not detected on onion, winter
mushroom, and cabbage when they were washed with 10 times of SEW for 30 sec. after washed
with 10 times volume of AEW for 30 sec. However, The bacteria were survived on mung bean
sprout though it was washed with 10 times of SEW for 30 sec. after washed with 10 times volume
of AEW for 30 sec. These results indicate that synergic effect in bactericidal activity of SEW is
occurred when vegetables are washed with SEW after washed with AEW and bactericidal activity
of SEW was affected by both kind and surface structure of vegetables.

The kitchen apparatus, knife, scissors and board, were washed with SEW for 30 sec or even
60 sec, the bacteria were not detected on knife and scissors. The bacteria were survived on wooden
kitchen board, though it was washed with SEW for 30 sec after washed with AEW for 30 sec.
The bactericidal activities of SEW on vegetables and kitchen apparatus were stronger than those
of sodium hypochlorite solution at same available chloride concentration.

When the table ware, dining table, stainless steel bowl, kitchen board, kitchen knife, rubber
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globes, cup for water, and sink table were washed with SEW for 30 sec., the bacteria were not
detected on stainless steel bowl, kitchen knife, cup for water, and sink table in which the bacteria
were detected before washed with SEW. On the other hand, the coliforms were detected on only
rubber globes and the bacteria and coliforms were survived on it though washed with SEW for
30 sec.

When the hands contaminated with V. parahemolyticus and V. vulnificus were washed with
SEW for 15 sec, the bacteria were not detected on the hands, whereas the bacteria were detected
when washed with tap water for 15 sec.

The laver was alive, but green laver was died by treating for 30 sec with Electrolyzed seawater
that was 10 times diluted by seawater (Electrolyzed seawater 1 : seawater 9).

The supplied water for hatchery was disinfected by electrolysis. The supplied water with
2.2x10*> CFU/mL of viable cells were reduced below detection limit by electrolysis. After
electrolysis of supplied water for hatchery and then available chlorine concentration of the
supplied water was adjusted to 0.01 ppm by activated charcoal column, the supplied water for
hatchery was maintained almost germless and did not affect to survival of Flounder. When
the equipments for aquaculture, such as hose, rubber boot, scoop net and canvas were treated
with electrolyzed seawater (available chlorine concentration was 0.5~1.5 ppm) for 30-120 min,
about 10° to 10 CFU/cm® of the viable cell numbers were reduced.

A sterile seawater circulating system based on low-amperage pulsating direct current bas
been developed and evaluated for its active chlorine generation and disinfecting capacity. For
safe application of electrolyzation for sea water disinfection in aquaculture, active chlorine
species, primary disinfectant substances, must be generated at a very low level by
low-amperage electric current because activie chlorine also has harmful effects on marine
animals and plants. For effective control of active chlorine level in electrolyzed sea water, the
kinetics of active chlorine generation by electiric current of low-amperage must be understood.
Pulsating direct current, compared to normal direct current, could be employed for a more
delicate control of active chlorine generation by adjusting not only electric current but also
the frequency of electric pulse and the capacity of condenser. Therefore, the kinetics of active
chlorine generation by low-amperage pulsating direct current (PC) in a circulating 3% (w/v)
NaCl solution as a model seawater have been investigated and modeled. A non-membrane
type clectrolytic cell equipped with two platinum-coated titanium electrodes was connected to
a 40 L aquarium. The circulating flow rate and working volume of the NaCl solution were 4
L/min and 20 L, respectively. Active chlorine was generated for 24 h at 0.01 A, two
differentfrequencies (5 Hz and 14 kHz), and two different temperatures (15 and 25°C). Two
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condensers of different capacities (2.2 and 1000 uF) were tested. The values of pH and ORP
(oxidation-reduction potential) were also monitored. A kinetic model for active chlorine
generation in the circulating NaCl solution was successfully developed based on two
assumptions: (1) zero-order kinetics for the electrochemical production of active chlorine and
(2) first-order kinetics for the evaporation active chlorine, in which the rate constant was
considered to be pH-dependent. The simulated time-concentration profiles from the model
agreed well with the experimental data. The results also showed that PC of 0.01 A generated
less amount of active chlorine than the normal direct current of 0.01 A at both temperatures,
except when the condenser of 1000 pF was used at 14 kHz. This suggests that PC,
compared to normal direct current, can be used to generate active chlorine at a lower level in
a circulating sea water by adjusting its frequency and condenser capacity. In all experiments,
the values of pH and ORP increased from about 5.9 to 6.4 and from about 340 to 870 mV,
respectively.

The disinfecting capacity of the seawater circulating system has been examined using two
fish pathogens: Edwardsiella tarda and Streptococcus iniae. The results showed that different
types of electric current provided different levels of disinfecting capacity to the system.
When applying 0.01 A, the disinfecting capacity was larger in the order of DC, 14 kHz PC,
and 5 Hz PC. The main reason of the disinfecting capacity of the system could be the
antimicrobial action of active chlorine. The synergistic disinfecting capacity of active chlorine
with electric pulse was not observed.  However, PC is better for fishery market and
aquaculture since it can produce less amount of active chorine than DC. The disinfecting
capacity was higher at higher temperature because microbial growth and chlorine evaporation
are favored at higher temperature.

The effects of electrolyzed water ice(EW-ice) on the microbiological, chemical, and sensory
quality of Pacific saury (Cololabis saira) stored for a period of up to 30 days at 4C were
evaluated and compared with those of traditional tap water ice (TW-ice). EW-ice with active
chlorine at a concentration of 34 mg/kg was prepared from weak acidic electrolyzed water, in
which pH, oxidation-reduction potential, and chlorine content were 5, 866 mV, and 47
mg/liter, respectively. Microbiological analysis showed that EW-ice markedly inhibited the
growth of both aerobic and psychrotrophic bacteria in saury flesh during refrigerated storage,
primarily because of the action of active chlorine. Chemical analysis revealed that EW-ice
retarded the formation of volatile basic nitrogen and thiobarbituric acid reactive substances and

reduced the accumulation of alkaline compounds in the fish flesh compared with TW-ice.
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Sensory analysis confirmed that the freshness of saury was better preserved in EW-ice than in
TW-ice, in which the saury stored in EW-ice had 4-5days longer shelf life than the fish

stored in TW-ice,
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M1 A3 e

A1d dFNLe ¥8A

1.

e}

Zled &9

2041 7) Fyte) BA| 2 (Y7 EY wRA DHAX EFEI Salmonella enteritidis,
Listeria monocytogenes, Vibrio vulnificus(Bl| B.8].2 B8 F ), Vibrio parahaemolyticus(%
HulB.E| ), Escherichia coli 0157-H7, Small rounded structured virus(SRSV) % 2|
F T dEAHQU Hd v E A dFHE oAV AR AAFeR A4 &
A7t "5 AE

olo] 2]F9 FHT A B WRE &5 ¢ A7 Ve oo 2FHY
Jen 2¥g 7l SUE[A M (Eectolyzed wateno] ] E AF|o] Bl AF
g1 A

53 AT E o4 NF I AHFE, /MEFFTFHY A[REH, J43Jg F
B71F T R34 e VABE AA R HHNF9 HeLdd, FEAY ¥
AZe 4 R wjg FFol uEty B, nFE FAHLE gidd] &4 A7
ol Fo| A JUTk1-9).

Fae HEFNYAM PAERF FAAYYG HAA vAEES B3] At U
Aoz ARHE £E5AT aYY g4 L5HEAFE)A BA7 dLenio11),
Trihalometnane(THM)& 22 HAadTo R4AE % FHL g d3igrx B
3 ATH12-14).

dae 4FY EUT A58 @3€ 7HAL e, daaEd g% 49
Fie F 1~2 log AXE & B oY1), He] g4 F4EQA THMS
B33 A3 P& nAe Aoz dHA UG

et FAaAES WA Q2L L5 ko] AFE AAcln, AHf4d g%
472 AF3Q 25 4YS UAY & Ue #YEY 254y, B FHE
AUz A (Table 1)(1,2)

e HUYFF0.1% NaCl) EE S48 AFAUYLE AV std 2o &
Ho Z(Fig. 1) AT, AF Ayt Holun AFAHY R M HFE <
AESY LEAA, AFLAY] ATFoE A% AAP B F 4E9 AN ¥
BE A% FEF F9o02 AAHT AH(Table 2).

AHre 442454 v3e YA AFxe FAGLFEE QAN G 4

- 30 -



TAFRE JepdT O 3= E coli O-157:H7, Listeria monocytogenes, M4 vy
L8 HEY AZEANTF5-17), TAYFPF17T-19), 2F0)(20), FUAEEHLT T
enetrotoxin ¥3(21), FHolZ9 #3h(22), A, otuuld ojFe] AAFE] s
LEE SESFY A7, BT L¥8 & ", 231 T Sl 9% 2%
L2 F9 WA (1,3,56,18), ¢ T S AF23,.24), A7IEAH T oEATE &
vlo]2 2o W AFEHAEBI) T A3 FEAY F&°] 7M.

A dRAME da4e FEo| G et B A7/ J¥HT o dF
AT e 20029 68 A8 AFH/NERTADE AAFY=FTAIR 75
3, A 212.‘§:) AFSY Y AL =3 83 WP HIT UrH24,25).

¥H 2 }4 I AETH EAHLZ U3t v 2EVHr Bon A §
A= 7]" A3 Jok 2PAE ETFET AEe] vwtE g3 A9 de ¢
L2tel] A -’F’\‘. HEL 17 99 IFHeEAN AHY FoY AXNE AR
ATH2002d F A oF 2 9H Y Y, FAA A& 200249)

a8y ol o gold ofulF 2 1 7IFE 298 E¥ 2V cholerae), HIHE L
HEF IV, vunificus)d] g AFEolY FEBIB ] L (V. parahaemolyticus)?] 2|
& HFEATE AMRA G HASAL MR FANFAAN GA
AAR B E 7XT UTh003d 217, 372% AL, 2003d A FH A F7)

olg Tl ¥ AFEALE e AsMEe ST dROFAMY W
A & A%, Wy ﬁ]“-’-]’ 5 A% 2AM Wl 7HE3ERY] AA8F, 4
e FWEHY & FAA Y A, FEIAF 4T T 2R L9 A48 B
dAle] 2F % ’:‘J?J‘% ﬁgz]a}t-_- Aol Fo3Ht.

E3] A2 AP L ¢ Uy glon, = grEe Ao At
HeE S4EA oJfMEY B¢ 2L HFE AT A8)E7] HEY HF
Zo HEAt EANE F= FY AF, FLHEE TY L9499 g3}A HJFF
AT teAe] 2 o Mg 41 A A Aol wAsd HAnAE
o g&te 2dE WiFE 4 Fol HEA Hu AL LFGH o] HFE &
FEAM A ALR-Ee o] ¥HEE g Ao] Utk

olH# B4 AFAAYPYLEA A9 7FFFIG AN APl 2
ES o] AN/ HIFHT Joyd AYgHe] A AF L £FY YA 9
8 AAHE dol AFAAI BAE EAV Y. LEFTE L& HF
Z9 BEEd ¢&3te HAE oxidanto] &3 FYv|PEE LT HE YA
g o] oxidant= fEOAFAE F40] F37] A& §4Y F& |83 AA
ol He dyo] Ak o] e vHY Ct wife Al o]&dte= Afode
e si4-8 AEdtdor st A Ao, LEFANEE I FE AT F

J\m
mto
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.

teRye] 98ty A yLe o84y met AFAZRY, THEY], 27T R
AR Y] &9 AFelx FANH, FY ppme] ALFECAM AL FEFEATA BL
AFERE & F fle Aotdiidat Ee AFY AP FHEY & lx
EA% 7% Benzalconium chloride 5 F#l9] 247 % ving o, £4 ppmd A
FEE Y 43YE Jehia, SAEA dev, §3] 4aANREY AHE
of F#¥sle g47tAY Trhalomethane®] FAH T olgarioio] Wl o
A Age A4S ez & 7 300

YEANM T FAAZAA @A AAPAEY 4a3 738 AY HHE FFHoE
dze AsjHse FHESL ov] =YY JHEHIT JAAT, FdMe 44
EFE EE FAdMRE oo 8 A7 "W dA ol

et daAE, Aoy Q& Higte FANERYE WA E didte FHol
¢ A ¥ PEAE $E2HEY BA3 len JA¥AFHo)n dFA s}
Hed AAE 7HAL e AHS dF FET N12E7S F4TE 29
9 & F AAFU a7 A 4Felth

rg ol

L BA - AYY &4

HEL S AT HFE/IEY 2409 H4FS2REH e ABEFT #A
of o F duAE 5P HFo] HAFeEA I JTE U] AdM= B
7H1z 71%), %@EA 71%) 281 373 HFFHe2 /4, 3N F de 4
&4 71%56a 715)T AR 4848 zFojort ot 53 4, 2, 3% JTd
EF 233 9 soigs ¢AHA A 4F2E2AY A E A% 3o
= #o] oy,

A, A AAY JELEL 2 A = Fd lojA dFsH st FA e
o, A% - £ % F0 LLE Tuigel YA LuAZR ] Hs 2A S
Ao =3, A4FAY 2 HEAF Fol A dEd g8 A AAd fFHD
AE FFA, BLuBES A4 HF 299 7Y % 2 A4S F4 754l
A FHHT eH, 2 st & Al el A AAz &dd 754l Sl

%
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Table 1. Characteristics of electrolyzed water

A F apol g Aitact £
5 BB AE S, FAd A 2FF(NaOCl)
A4 713 GAaALT, Aol 2AHHCIO) HAAAT, AotgAAHHCIO)
fFEYAFSE 20~60 ppm 50~200 ppm
pH BAM A s 5 2.3~2.7 7.5 ol F(&ZeE )
A A S 5.0~6.5
£ A FHEY o B R
34 87t 44 & FH el Aok (¢ 79/L)
AFog Asfy YA IAPAFE, FFolx FE
FEFHY A 7S A7 &ol3ttt
gtel Mok 59L) AEFHNE
AFA, EAo] gl
XAEAEFE, FPoldlx FE (FE
A—ol)
WAT Ao =80
&o] AHAA gt
Trihalomethane S A A43tA &eth
Atda A6 3 Ho|.
23 Au|Ez7F B8 Y, #ele=rt ¥

A5 By, B/t B8

F42440) Yot

AFAo) ot

HRAZH, AT

RE7|ZEO) HHABEHE) BE) 4] HE fdartart ¢
F189 EA3 A ARl AAYH, FU1E Ee=2 AddY

A)

Z 8}
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degEgcldiddis L=

Ags(82 &8

Fig. 1. Principle of production of electrolyzed water.
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Table 2. Various kinds of electrolyzed water

A4 pH WEE R He AdAF &3}
AR SRk 2.3~2.7 A F(0.1%) I T = A, g3
Zedgddsis  11~115 A E4(0.1%) ey = A 5
A A B 56  AEF01%) + pH 24 ®lE A
7 8 2o} 8~9 A F(0.1%) At Sain
vl A s 5~6.5 3] 4 E 2H2~6%) T8y A
g ol 8~10 FEg de  2F =R, £
Aol S 4~6 FEF A& F=F o) &
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a3eg AF9 g AN B EAe IV FAFH £ 4R
7d np@d Fogn oojd 4 e Aoln. uwEhA, 2 F9 GAAPd FF EAe
ZAH FRAA HFsA HAueo, GATTY UR A ZF, 8 %9 vl
SPS(Sanitary and Phytosanitary)o] X & “AF¢] <A HEe £z £ AL
8 A%, 2 PEE %Y A 4ot oprekn v 3iTh(26).
ojZ e 7S, AF7A hd WL Al dF AFF AL A AP G 7
g3 AAH 48 xgstn e, ol tis vF AR HYH A FEY #F
2 4G FAY Y& Ao AGE AP Be YL HAsz U
I 2, 19973 19 2599 vlFY U™ FEHLS AFY AXY ERE A3
Food Safety Initiative; & ‘WR31, 43009+ 2(F 51699 <4+ 278
FAlCl, AR 7t #F 7@l tistd HFY AR FEE AT HH L 2 7EHA
oh E=E AF9 dAAel AT FUH FAY nE tjEo], u[F9 HFEFH 9
3l AT AT FAY NAHS st 19973 [the Presidents Food Safety
Initiative] 2= 717 & AA3tHch
SEe vdy AFE EEEY JEIfE FHNLE, S48, KEA 92
E2RE 43 gtk 3do] uitE Egsd e $EvEty A3 438 12
OhA 4R ABFoz MY FRAS FRIIA ¥& &+ A Ad 2087, A
g B FUtge] wEt ety e AUAHE EE £ dv AYHEPA,
HA §)°] Bo] &f=9 e AW node £A4F A58 LHsido] ¥
stx glom o Ak w8 Ax Zrbetm Qe Sk
ey o] vEste A4 AR o AGH ¥ AFEF Al £ Frtsl
A (AFH. 2003d AFFLNEY FAZR) 7y, & A Fd HEA 4
Bojste FANE A4 o83 4wl Atolg It U UAEY AF R4
FAHE AR oF 30% ojge £4E 7PAXYR €A Uk
AZ7HE AR Ao AEA, AFA, BYA 5 REEAY G i 37}
HQ FAol mzHn ok AE/F AP AA AAC FAE FAG Y F
o] dhtolrt. sA g, uld 9 AH4 ¥ BODAY HFE HEda oy o
<, Y, FELY, AH%y 9 448 EAE obsta Utk dTFY 4
AYe olE HExgd g vlE-& AEstn U gt 4442FEG
Holua, 33023 Q 4d¥ie]l ALY a7=HT U
FANEY GHAAE AL A BAL #A87) 4 H2WH F
o] stust FAAERH HYuAEA dE FFAHY £2FE DAL a4, A4
T AT EHFE ALY + e FHIAUAYN J2E 2SE DAY
Aol

rx

e
E% o=
70

Fol

o

r

=

r

g =

¥
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o]

YE9 7% Ao FE&A0] YoM FEL we ojFE 3, AZANYE
ol ME o] &8 F SUthe Ro| LAANUA oM o|n] WE8s} Hol gl
°0@4,7) QEFEHAME 20029 68 AHTE YJEANRETAZ A4 v}
2AtH24,25).

B (FELLEY 20049 2€ 20¥ BIAA 0404105)0)) JdtH ZFAAH MRS A
ARAEFETN)S AFTFEE 2003 664 dlA 2007 91de g 20008 thH] o
198%, AN YA (FALA)Y F¢ 20039 289l A 2007d 332
E 2000 di®] 9 194%] AZEE HY RALE 4&F1 3

2y e e gEEol A =EA ASHT e RS Agsid 4
FAPECHIME 2 dE Folry] PE APt WA B d7drMe 214714
LY F de JeEM A4 e FEIHL HEAAAI AA}E
BA, & AFAAY 43A4F §A AHAY SEE 9 A5 #8433 9
3 8A S8716F AFIUNY A E¢ BEXR AT E IYstua Fo.

AERET L
HZ, ¥4 vAE A% AFE Atdo] A AAHLE HHEA HAEe FYPHH
AA L glen, T ZFdx, fid vHge fEFS F402 3 AFE AA
o] #¥olA| go} oo AW HIfrt TS U

B, 2 €9 A AAZog B4R e AFESE Ade EFJL Fd¥E A
A€ ZE HEHA A 4UE ITAEL T8 U@ H AYFHoz 9
Aol B8 o4 % &8 &0 Hind FHH e vIxH HFA {FYFIAA
Bol YA glen, 2 FE He oME I Ay Hejrkn e FAY
olg ¥ 5L A¥o My AAY E3lo| widd g Az dAXR Yo F,
A78] =AHFH life styled] Wale] o) 7134 EFH 4 &Ex ¥ HY XA
FFod A % HAEFE=Y F97 FUIEPLH, FUHLBEE ARYF
AAAFA W Hixrt @8R8 AG=-ATE AFY a7 ksl e
ole] AF AelM e olaid aFo g3t WARFC] ¥ e AFL RF
o2 A, AF B 54L& e dIAIA g3 HIMEY AMES A
g A 7tada AFEN S =8E 7oA AU 2y ojHE AuixY &
T-ol th-&3 A F-L Listeria monocytogenesSt 22 A4 ¥ vAE9 Z4gd
54 HAZL, &xAE, FEEA, pH, AFHE 9 2L F8 oAEA A
ofA Freld W WHAY Ay} Ha T

WFALLE A Fo] YEAFAA 2} FAE SHWEI, 2 Atojo] EAHHEE F
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79 7187 #AE e T, 57179 R8s 23 O A4S SUAAY g%
of, 4 At:rt Ao gAe Ao FHAY Ao dFos @i
£ Aot
avtel AAgHE ASFo azia @ e wHo R Qe WY wAEe of
I sidye] Wolxe mHEE AFIL FtetAen, ooz x5 Frket 2e
8ol oM Atz HEAdel ol Utk o9 e A3 Wi &
A g2 Uy Hosln e WY e g% AF ¥ HT It
o FARG @ AP AT FAF) Hn UAS B ofe}, 4Fd S &
AO.Z27A oA AFAYG % A8 AA e FAZ dFHIT Qo
ety B¢ Hojd gz A4EE FFsn YA qHeTE FAER
o) HJAEo st FHIE AT 9T UG, Bl A3 HFuAE
of g% AFEAlLY FU FHALYEY HU 5 A¥E A¥Yste 2kt A
o Atk HAF A4, 4FY GAY, AL} BFRAYY life styled] FF
€ 214719 SlojA WAY AEe YHE H3d REH F e FA oo
gela AlSHoz A" BEHVIE 2Asn Il A E3AE dHE A8
A AFY Ad Ry FoETORE Fasie, AFY nAESE dHYE R
ste 4% Wl F9 shust ARZHQA 4FA9 ot
Aeee AR g2 dE 2544 v Aszdyx 470 4
U Z3te] YA WART E coli OI15THT, Listeria 5 NERE WYY E &
AEHY 25T YY e Folv, 3§ eI AUsA g aHH
QAT HHY15-18).

ok

o]
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&
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MAMZH HHS XM &Y

&
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M4 system BE HE (pilot system &X|)

&
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EE@ 98 2282 S8
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2. QAE AL ExS U8

7 ¥ T = TEED
o A AR (FRY % FELY)d] otg S4FE ¢ g
A ste] Hl
£NNEZY omy BEE 9 %fsﬂ#? Af B4 RAHLE, pH, agitation, organic compound
¢ A85d 38 98 39 |
o V. parahaemolyticus, V. vulnificus, V. cholerae, Small round
structured virus 5 HFH Y HEo] A 47z d g3
o @A) g opll R ol F AAAI ¥ YA H}
13 94 o £HA TR YA system AU
(2004) - A A, filter system, HOCl o] F2 A2 F process
= unit®] i€ ZA 9 lab scale system®] AX
e S oama o - Filter, HOCI o] &F3 Al2d AQ xAlL 371 9 23
:ﬂ"_i'r‘?ﬂ’ o:)f)-(fss 1;]?1; ,;;Tg o A7IRY, filtering, o] 2F2 F process operation condition, scale
& system A48 27 4 9 flow rated 23S TS5 VA Y
- MR g7 o REde AAY, 48U system AL
- 944 9 YFA Hold system 7Y
Ay R Ass & o] 8 Fo ¥ Moo HxHA ¢
F5% A F7h
. *3%}%3 2 AAYAEE, AE, ok, Z F)ol die 4FER
A A 1 OYA] 0] o =4
gfg‘%zjg’j 3;{ ;;;fiz L BHRAED7, 4, 420, e F) 2 T, o8
o WA ol g Agian .’Ej} .
25 UE o %4 H ARA AHEHE §49 dALFEM A ARSE
:‘ 9 8%
(2005°) CRAF BNBEE o188 £ FIHT AL syem AE
ARF RA7VE2EE o8¢ & | (pilot system 43)
B4 B2 A4 pilot [ ARF AVH29 5o A A7 A Wt
system 7] s AAE A71Y2 0 BFse A29 87054 Wt (3
A4, A4, 454, WT4)
o FAZME R Mo|Y IR Ads ERAE
- FFAAERLT), AL 5, AUBACIEES,
29712ER 294 © E2Z :ﬂ;?%;?' ¥ ‘;i;‘_‘il}(é:-, -q'i' "5‘194 HAgEd e
44 AMY 4B oAy | %"o*—i ¥ FEAL A4 ’\‘%ﬂl-r 8148
Bus A% Agsd @FA | 2 FY AHA 83 ¢ HAs)
Py - FHYAEA U ATES B}
- R FABZ(FY S, 585, FA2NT B 2249
33 9E fAQBEd Hg
(2006'd) o B 2359 vl AE 4FoN synergy AT 73
« AAF WB2 SRTTUS VLT 98U B}
- AE%d, ARF, TUE, ¥4, deeE 9 S8R
AAF AZHAE ojg® £ | 9
B @35 AA FAY 9 AFHAAAE A5G4 § BAGLAA Y 98 3ol
82 Hrt 2 HAAHLAA | - TAE FF R 2] vHE 295 9% B}
F 43) - AAFY A n4E 44 mechanism T
o AAF ANE2Y ol S
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M2 ade 7/le7id g & Ago|sdR

939 ¢

2 FozM FAEY LHIZE AA A 1990 dEY AL oHF 2 FAAFY ¢
A€ HH3EY] 43 Sz Assd giF A7t L AY Fojw ¥4
FEAM Ao &4 9 djFo] AFdx HESFE 832 AT

dEe A4 1980d = 7Y F&F] JEECNN FEE UL o)FE F
A, AFAGRGANME o] & 4= uhe o] HAHEA Rt e olv] A
317} Hol glon(7) dBEFA=FTAAAME 20029 64 HEs-E AFHER
ZAE ABEFTL oln 9A), AFANY B0l HE =g 3] AP g
th(s,6)

Ay AEFNE EAAM AL Agd 71e2 1980t Fuke] AAHE QAR
olgfE A FIHXEBREK), K)KXE, (%)Ashai Glass Engineering, (FR)7 VT v 7,
(B)Morinaga 5 & 16709] A7} 713, 2B GLE, AFNTITRE, 4B E T
< AT ey SEvgedx 28 1

AFE GA242E vdld YR AFEY FEGLTEE QAT ZEE 47
ERE Ve O &3+ I EFE E coli O-157:H7, Listeria monocytogenes, %
A4 HHEQE BIRF AFZAFUS-17), FAFAT17-19), FH)(20), AT
T2 enetrotoxin E3J(21), FHolEY ¥ (22), A, olviulAd o)A HAFE
o8 298 SEFY A, HAdTd 98 &, IR, aga I T A%
22k R G #x(1,35,6,18), @A TY FAISAA(23,24), HIIEH AT oA
@ % ol g AFEABI) T AT BHAT §80] teF ez ¢
23 o, HIde AFEo B oty JE M4, FHFAIEK24,25), FHE
°kR9NAMT HEH Ut

U5 FHAMT WA T g A&FY FFEFH, a3 ok, #Y, 98
Fob FitoldAe $&9 U A7 F23] AP Arh(15,16,19,20)

e A%

dTeA ol tg A7 FU RE AFHFE FEohd st AYH
I Jey A7Hg e AdANFd T AFe I3 Fotrr) YE AA
t}.

e dFA ¢ZYY oJFRAARA e QVEHN} AL ALFAE EA
FASAFIUE), FEAHF), olL2F) T & A9 AN #wojg 3z e
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U ATERE HAe AdE AARAFHDA, FARA)E A, guidte Hae
(F)olgoldR o) el e FolR 7] FE Aol

O T 7% uid oFojd WHdA vHegdo] g3 AFE FHT 440
AR BAY &4e 7AT e, FAMEAY FAZBAYH] %5E o T
71de] 5, A= B TAAA 7Hgstn o] ARG 44T EAE gz 3
o a8 FAFY dY FAAY FEoF AT AT Fd B AT &
A2 dol Ut

O weA Aoy e&d Histe FANFRYE FAVAE 3t Hojd 47
8 3 B STLHEY B{3 jlen ARAPHoT dFA L} St
23€ A3 e Adsd dE FEE 712A7Y £AEE U9 HE
T AARY A7 AF8 4A ol

3. ZALATFAEALE O AE B}
O 489 ¢AYel BF BAE /Y TAY B ss4% Y oid Soz=
odojd 4 Yomz, 4Fe tiyel UY EAe ITAY FRAN AFHA 9

on, BF HE B4l gy TAHY BAe 129 GRol, TE TNk
g R4 BA AN 959 B 4 FU5D o

O 9=d YoM AHsFE ol & WLTY AT ¥ AFAY HELL olv 4T3
A= Qe Addoln, AF44Y B opgt FHAECH A8 &l FAEotd 3
£8 & e dFEY A YAFX ] ALz F5HA s dH o

O ZUe s 2E A7 1A AT § UE €38 oles ¥ Ads AX
AXE Bujstn glou, ENA FUAT AFo] dREoln ElvatelA AQ A
z, gujste Wi YAFAE F3) =81 old gt AF T w|r| g A .

O wetA B dFHARL [FAAEFHATE AVle2A e Ar|EsZAY g 3
Asfe] FEE g d7e S FAAFY AN S Rl FvA
F FZC 7198 ¢ e R olds FEFAER Fdv|ed] IAZYY 2
g5 714 F UL Ao Algdr)

4. o2 A%

O 214719 Key worde [E74-AL£A4102 ol 93] AY42HEAIZRE £8YA}
3z Afo] 27HT QUth F3] FHAA AUXA &1 e UHAIHE
2y Hojur] 93 Ao AMAHeZE =9HT itk 2 gujdX AN Tt
A4e AFdse APde2A AYEV|TE 1LEER EEIT A EAU(Green
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bioindustry)sll thgt 717}t FolA R AT

Ag7A 9 FA7rEde] 2147 BEAYY & BorzA AXE Hsr] HiMe

BRREY 7Pz A¥e] Fad 2L T FAr glon E=3 444
o AFAH FHRE AT NAVIeEA [AHF|Y RKEolEL AJFEINTG T

Asle 19801 F-yko] Methicillin resistant Staphylococcus aureus(MRSA)o = & 3-E
T ATFEAN dEAA NE JNEE o AT A7 o FA= Aw
X, 1Y AotdiAFEA AT glon, tAA]l g3 8RN AHQ A
ZAZA AFAGET B olyg dEEel FHARGIME d7 A= 9
=
TPO(Target: AH&ti4}, Procedure: AFEHH, Occasion: 7A-$)E 2dled AL&3id
HACCPY B EAE 1ad AATE7 L75E 214719 JAA Add o
7Hed € 7HX ATAR AtgEY, Aol FRE FAANES AT A% Ve
o] @3] o]Foz1 Qe FHE £ 9 Ay 9TL ¢S Ad A=
N S=R21=3

- 71e= e 8§34

A dES vxo Af E A7 #¥E a7 823 JPH glen s
E o]FoA gloy, I A7 R e e Td dAold. §3] o]
BHE e AL V2N EREHY 3o AT #YULY RIE A 7
€15 E Y e 430y fUddMEe SAFE 27te FYstn A
A 7leEde 75T AAAY g £EL Tl IUE FUHN
Re FU BANA ZeB Y +HE FHI}Y] AHAE SN A dF
MEE T3 BA7Ied FRIHe Ao HAY HAHoz oy, Fy, A
A, A9 XA @Aol avdt

A 71E=sle) Zhedinta dngte a4 wE REE FE0] A3E ez A
BHH, °]2E JlE =YL YT JeFFTLeE AFPLEA IFY ATdE
ot A A &40] HAY Aoz gy
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H3d d7us-d 48 % dn

A1A ATFFYTH

LA 1 AERA  SAAFHYEY AVIeEA s R 7D
H9 friolg R SA4TYEYAAS &8

7t A EY AAY FRE AY Ary &8

1) AgF Az L 24 FF

Aota A AR E BE3tY AR 7 e A BMAHAA DIPS KI
KIV (Fig. 2, (F®)elFoldH, AA d=x)E ol&sty ZHurd 7HAHA 7 8+ (Strong
acidic electrolyzed water, ©]&} SEW), 7% e]/d % 3] 5(Strong alkalic electrolyzed water,
o]8} AEW)S} FZAuta] <kabAd A8l 4=(Weak acidic electrolyzed water, ©]3} WEW)E A
AHATh.

7h AR A SEW) B FEZ A ZAFAEW) Y A=

0.1% NaCl €9 40 LE A A4+ APFAL 448 E43 ¥ A )
V, A% 10 A, §4 64 L/min2 SEWE AT FEHALFL, oxidation-reduction
potential(ORP, A+8}E-A A 9)), pHE FA st

W) A A S (WEW)] A=

0.1% NaCl €< 40 Lol pH ZAFAE HCIE H718ted FZea] M AA 2R
o} AdE E936) Yo AY 10V, AF 10 A, #% 34 L/minE WEWE A3}
I FEYA%E, ORP, pHE 2435t
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Fig. 2. Electrolzer for production of SEW, AEW and WEW,
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LE FAYY AfF A8 FA dZ2E 639 ¥ Y} 10,
F 10 A, % 34 L/'minE WEWE AA3t1 FEH4LFE, ORP, pHE A3

2h) Ao EAEA

FEALFEET 4 FHFAAH 10 mLE FE3H Bol2FE 1009 FHAsto Fdf
£ dAZA7](Pocket colorimeter, HACH Co., Colorado, USA)2 ZA3HTE ORPE&
Z+ frZo) A 300 mLE $%3}< Inolab oxi level I(InoLab Co., Weilheim, Germany)E
=359, pHe &4 %M 300 mLE F238t pHASE meter(Istek Co., A&, &
IF)E pHE SH A

J[)l

2) Ao dF 54 A

7h He8 vABEY wF

FAET BEY AFE AF F Vibrio vubnifius KCTC 2962, V.
parahaemolyticus ATCC 22100012 1% NaCl, 3% NaCl& ZZ} #7138l brain heart
infusion (BHI) broth (Difco Laboratories, Detroit, MI, USA)oll HF-38ted 37°Coll A 24713
vl F3t 9Tl Listeria monocytogenes ATCC 19113, Staphylococcus aureus ATCC
25923, E. coli O157:H7 ATCC 43889, 5-5)AFQ Pseudomonas putida KCTC 2741,
Pseudomonas fluorescens KCTC 2344% BHI brothe]l HF S F 37°ColM 24X
Zuj oF3l ok

) SEwe} WEWS] ¥4 2 Roid Aol g 478 24

Aujekst AT 4°C, 1,250xgll A 3087 YAEZSIS cell pelletE TF7F
1.0x10° colony forming unit (CFU)YmL S|X= phosphate buffered saline (PBS, pH
700 @3t o] d"Y | mLE 99 mLe SEW, WEWS ZZt 4& ¥
A A (30%, 60%) WAdI BHI agarg ©|&3ld HF+E £3, SEwWs
WEWS] AFEAL =AY positive controlEAME FEEAFEE 35 ppmd
sodium hypochlorite (RFo}gAaAtAth £-& ALL-3Hth

th AFzAd e ANSY FAYL FE W AFEY ASETY 2A}



Aty o2 QPAF SEWS FARA0E YAgE WEWE £7)d Fi F&d 4F
b REE A LESFES "ot 9B 2% wWe SEWS WEWS RAHAF
= d3lel AFEAd ASEYRE ARG

2} Asse] AFaEge A HA pH B FEGLFTT EA

SEWS} WEWS) &FgAo oi HA pH E REFLFE 998 ¥3]7] S8
o] SEWS} WEWS pHE 5N NaOHEZA 3.0, 50. 70282 23920, ControlZA
£ pHE 25~702% ZAT 100 mM tartaric acid(pH 2.5~5.5)% 100 mM sodium
phosphate buffer(pH 6.0~7.0)8 A18-3gich ¥ RAGLAFEY e 4FEHLE =
Arst7] Y3l SEWS WEWS] fFEGAFEES 0.1~20 ppmo] HEE o|242 I
A& 3, 2] W pHSY ORPE A3

U 4Ny 3 44 Y AA%Y AP FRE A8 A5 8

) BEYE 2 A48 (BE, 37, ok F)d dE 2TES 2A

7hH AR

() A=
A8 e AFEHRE 257 sl AR E HZo] e AEL BT
A ZAEE AN FYUY ice box(5T ©l3hHE APAE FurEsch

(2) ok

Ao el 22 HAFHe A F HEEA g1 HHse ok dAdeE
SEWS} WEWS] A7 EHRE ZFAE7] Y3t Al8d AlE F FT(Carrot, Daucus
carita), F-%&(Radish sprouts, ), A3 (Lettuce, Lactuca sativa), E72 % (Perilla leaf, Perilla
Sfrutescens), £.°)(Cucumber, Cucumis sativus) F}E(Soybean sprout, Glycine max)<
ZEA olmtE A FUstH ice box(5T ©I3hHE APLZ a2, TH(Welsh
onion, Allium fistulosum), P} (Garlic, Allium sativum), %¥3(Onion Allium cepa), % °]
W A (Winter mushroom, Flammulina velvtipes), A5(Plum, Prunus salicina), STV}
mungbean sprout, Vigna radiata), %ull3(Cabbage, Brassica olerecea)® BEI5 il
Smga Aol Ao} ice box(5T °1HE AEAHZ utsle] AP AHE3}
At
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@) FB7F

F71Fo i@ Ay ®2E dFade 48 #, ooh M E ddeR
Ao FHE Z, v, 7H9e 2 EmandlX FAEAeH, B sHe
Hddx AA2 Hojglen, mote 4T Aot

|> A

4) ZFur3k A

997 4@ a4 EW AFAAE FELSAT 4TS AW PEEY
A&, A8, 22 &7], 1, w4, 'ELCH, v, &, 174G 5E o
o2 A 4nAHE FAHUGT

tlo

W Asee ARES &4

(1) A2 st Al 4dEaH §3

g Zto] o e AEE FXANM FU4HEA d4L¥EE 0.1 ppm, 0.3 ppm, 0.5
ppml 2 T 5 AV|EHTE %*’-‘J"i %‘:6}"1/\1 &z 4, 29 AEF
2 WAESE A8 WRHASY 4 24 A0k

(2) okl gk Ao A4FEH &F

obsf ol i AN ee AT AdATdE EH ATEAE S
Btk dA Zt olAE 5 g HE F, AT FAEHHNFLRE TG 30X,
6027t AAHY F, AFFE SHAY §H, FEHe Ao AR S
g ot HFEAE FA}Y] At FELZAHFE 02T AFE F
A4 RASLE 3027 AHAY. dE2FEE £E559 30 ppm2 NaClog99 &
A&t

2) FHEZE £ FAY @ dFEHY A

7h FH@7gdl dig Ay dTER 574

d

(1) ZE7]7] W Ay dFaH 3

87kAl HE R B9 UIAEE & AMIFETC, 24 0@ F F 2FE W
st AFRH HYA B EL 21FSAH T2 Escherichia coli 0-15TH7 ATCC
25922, Vibrio vulnificus KCTC 2987, Salmonella typhimurium KCTC 2058, Vibrio
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parahaemolyticus ATCC 2210001, Z1@UATF OS2 Listeria monocytogenes ATCC
19113, Bacillus cereus KCTC 1012, Stapylococcus aureus ATCC 25928, Streptococcus
mutans KCTC 32988 AM&3tAT. Edd FF #lFAL NaCl 0.85% AAAEsF
g ol&3d FF7t 10~10° CFUmL7E HEE HAsHct o] £ FF 9 1,000
mLol & FH71TE 1¥ ¢ AT F #5 34UES ZAAAHTE LA
2 Z+7 30%, 6027 A HF F, swab-kit(3M., USA)E °] &3t FW7|7 EH
9 AEsrE FASAT Y, FdLgdD s FAERH S, HEe A 4
TERE A7) Astd FLBYPANFE 3027 ARG F, FLH4ANF2
3027 MHIAT AZFEE S5 30 ppm8] NaClo €4E AHE3IA -

() BB g Mo dFEH FF

FH@Ae 0P W4 ERALTEHE 5357 st N, Nm, 264
2 §7), B4, MY, FH4IY, S0 2, IRFLE ARFE 3023 AFsn
7 EWe YRAFS L AFR4E FAHUT

@) U9 <o YF A5 SREY 23
FAARFY BPAe &0l WY HFEAHE 57 WY £¢ Yoz z
Adgon 1 e g 2o

AA 2 i FHld

O 48 deg ddE Hd@rRhHe ¥ £
, AA A T &xFE He

Plate count agar(J¥HAlT =38 vjA)el

g &

HA

@ O¥ d¥e] d Hde F 2§22 UFo 47 Uit 49 M-S
2 1527 £& A=t

@ WFZE4Z ¢ Y7 & U7 HenoNE & dedh

@ O dye] B HdEL FHE Hixo] OB Zo] &3 & e

® 37TColA 4812 Wl & T F4 AFE SH3A

® AgdUe & 2§ 2 534 2 2§22 F 1099 e 23 98 AAEHY
ok
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3) ¥4 2 AZN AHEEE G4 dASFEAH 244 A5 $8
7hH A&

(1 4

2006'd 2¥ 1199 A BEA GEE He A SN ASFA FI
(Porphyra teneray& AFst 2|2 F w2 23 4 Y1 A utsie 4
ol AH&-3t .

2006'd 39 4o ZUE ZFA AMEE WRA @ Fo FEAY MAde %3
(Porphyra tenera)y& A#dt 2EEF vt 4S50 F7 Y1 Y3 Eubsied 4
ol A& 3T

2006'd 34 25U ZAUE JAT LY $UE dulth @ Fo R A4
& R (Porphyra teneray& M st} 2E|ZE wxo] g ¥4 Yu A &
Wkt Ayel ALg-3HTh

2) =

20061 29 1199 AY SXA g8z e H FAF FHAA KT 7
Al g} 2l (Entromorpha proliferay& M F & 2E|ZE wrio] 83 A PFA Lul
Bt AYo AR

2006’ 3Y 4% FEE ZFSA AMEYE oA 4 ol FA3t MAEe 74
o2l (Entromorpha prolifera)® M sted 2E|ZE utro] 483 A YA kst
o ¥l AHE3IAH.

2006%3 39 25U HEE ZEAl AMHEE WHA § £ BEsld Aaste b
Al gtel(Entromorpha prolifera)® NF 3t ZE]ZEF vt2o &3 A 37
3t AP AHE-3HAT

wy 7R 8y
ZAA AR (pH 3)& 9902 sl oA 108D Y 3 4=1:9), 204}
(248 4=2:8), 308 (A A F=37E 34 FxEE AYsyct

™t 4, B9 wiF

2, g e vk AMSE HiAE F2 medium(E )Gon, WiterE 15Tl
W, 255 4,000 Lux, FF7]E 12:12¢] vE2 ujeksig).
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) A, B Y& T A7|RHr] 9%

(1) cul4ddg
A3 A7 SF (pH 3)& f9og 3o, o2 100 Y =1:9) FA
3o Z, By AEY viXe FEE ZALEIY.

(2 A, g8 gAY Y& viX e ArIEd5Y Y erE I

B ANEHT (pH 3)E €9o2 3o, g5 2 108)(E Y8 4=1:9), 20
(g 8l 5=2:8), 30uf(A A F=3NE B4 P2 4P

A¥L 4 Y w2 Y9 FE 302 FG AN F o s AR
ol A¥3stgct & 3N T IJAF NAc HZF A7 wiA(F2, Table 3)7}
€°] $1& 6 hole multi-plate(£F 5mlo] 2zt €% F 15C low temperature
incubatorell WolA 23F N wE PYE& ZAEJY.

vh A3 g A AEAY A AR JFEE 9%
71284 (pH 2.95, ORP 1,109 mV, Cl, 40ppm)sll A3} & IRAA A Al
A2 A9 AN EE 2AVEAL.
AgL s A7E4(pH 2.95, ORP 1,109 mV, Cl, 40ppm)° A7} s A
2 Z+ 108, 308 < AAAL F @9AMIE:10x40) 22 T e FAY AMA
I E ZAMEAT

- 54 -



Table 3. F2 medium

€ ¥ ) F
NaNOs 150.0 mg
NaH,PO4 ‘9H,0 8.69 mg
Ferric EDTA 10.0 mg
MnCl, 022 mg
CoCl; 0.11 mg
CuSO045H,0 0.0196 mg
ZnS047H,0 0.044 mg
Na,Si0;-9H,0 50.0 mg
Na,MoO42H,0 0.012 mg
Vitamine Bis 1.0 ug
Biotin 1.0 ug
Thiamine-HCI 0.2 ug
Filtered seawater 1¢
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o FA7HEER, 594 2 FRAIANEY A48T AN FRE 94T A
o] A7

) T 2 FEADALY AN AL FRE AF dd+o A
3

o

7h &

A1 S - FTARE FA37] A3t AL E ofT Ad= =GR
oA BFwe dX|(Flounder, Paralichthys olivaceus)Z A% 10 cm, 20u}]E 0.1 ton
of £2oA 3F § W AIRE FUA 330 24 AY.

<t

) A7l 33 2 25 A7ig &%

g A7IEN RFAGAEE 05 ppmd BASE AN, TN 57
(¢ 150 mm x500 mm)E P4 E %i—} HEREGLEE 001 ppme AHFE $2
of TFEUA 3¢ RFHLE £2FY AFFE 2T =T YXY Y=g
ZA 3 A HFig. 4).

fl
>|

th %2 Aule] i Ay 4FEY 2F

FAFNM ALL €T = ZA(scoop net), S 2(hose), canvas, 7 3H(rubber boot) T
9 Fulo] e FEFLFE 05~1.5 ppme] AHFE 30~1208% HH F, A
TTE 333U (Fig. 5).
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Feedback

=) Dap——

Charcoal filter

Elcetrolyzey

|
I
I
|
I
Elcctrolyzer |
|

Waste water

Fig. 4. Application of the electrolyzer for aquaculture.
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Feedback

Fig. 5. Application of the electrolyzer for disinfection of equipments for aquaculture.
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2. A 2 ARRA : AAF A71E2E 0| &F ¢844 FHdHs A

7}

2t system /| 2 FAHE

AAF AINELEE o8¢ €Y FAAF YL system AE

) ARF A7|8x 2HFA tAY

2)

3)

ARF 7182 FYFX((FHESTY, 24, e AF Y28 Y 95
A F(pulsating current, ©]3} PC)E HI£3}e] ol9 Ao} ulmsly] A% Ak F
(direct current, ©]3} DC) ¥ I H(alternating current, ©]3} AC) &8 T A4 71A
A& ol &3t A3t

A7) 28 Aelectrolytic cell; (F)EIQT], #4F, 33)S F 7 vH(non-membrane) ¥ 4
o2 Azstg o platinume] 1 ym ZHE titanium plate(56 x 170 x 10 mm)E 5
mm {HES2 F AE FAsY A2eg ALIIT. £ s A3 A9
WE 2oE 75 mLE 23U

A7182 E9FA Y A 2 AF 2de U 2ok 948 AY = AC 220
V, 29 Ag =12V, HU EYHF =3 A &Y HF /MHEA =0~3 A, T
F 7P = 0 ~ 14 kHz.

ARF A7IHLE o] &3 ¢@Y T35 A4 system (lab-scale)
A4%2140 L)Y FF v magnetic pumpE DZslL FZAA 58 ES
FHE Foo /R A2 fFYdiNen FYE L ©A F2E EolE
lab-scale®] SFTE systeme AFA3AT Y AAF € FHsFe Ao FHE
ANEL SYFXE 2P FH2ES 9 §A FFA(flow meten)E AME-
o] AAsgen £ 2HL FHE YA FRE £2U44 ¥ dx9 Yz
cEAAE o] &3t FE WALE 83 -G

AHF H7HEE 0|88 £# Fasis A4 system (pilot-scale)

37 B LN E3 AMEEHE uk AL £2(1500 x 750 x 600
mm)& o] &3t pilot-scale®] HFEH systemS AAZQAt. £ oiddE 2 6
cm F71¢) sand filter® sponge filter’} FA YL o] filterS: FAE ultEL
water pumpE 53} fiber2 ©]FojF F 719 micro-filter(Micro-Clean, ()2, %
F, T)E TAT F AdA A™E AL 2E THIA dA 22 £8E
o 28 AAF € Fo5e A9 YT AUE: YA E A3 243
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R FPULE ALHe 2ANAT. £B A5y LEE £24 33
B AN BAINE ol gt 2R

U A5 8 systemoll A AAF{ AJ1H2e) o AL Y W)

) 8494 AL A% g5 8 systemd =

¢ @ A AAFRY PC, DC, ACY 3] AAHE HELFL FTFER)
o BA&EE © ¥E dF3T winsr] 9359 lab-scaled) B £ system ©]
3t 9 48-E AN

Ed 2 3% NaCl F84E AME3IE 20 & 20 L(working volume)d] 4§
4L 4 Lmind f&22 @3

EHAFE 001 AS AHE3R o DCE o] &% vimw AF A 0.02 AE AHE3}
HAoh. PCS ACH Fugo] A% &3 Hule 5 H(AFT) 2 144 kHz(ZLF3T)
o] F FuoA AAHeH, PCY condenserd] ¥ FEd Hrke 22 L1000
pF & F/9] condenserE Al&3le] AAFHGUT 259 2§ Hrtes 5§ 2 25T
F 22N AAHAT

2) 84 E49 <4, pH, ORP &7
=& =249 gFdMey 4949 %S HachAKLoveland, CO, USA)Y]
DPD-FEAS & o] &3} digital titratorS o] 83te] Z2HstPon, EAPGA9
Fe FEMAE(CLY Fo2 Bt mg/l as CLEAN B3I
8 F 249 4 pH ORP (oxidation-reduction potential)S digital pH/ORP
meter (InoLab Level 1, WTW, Weilheim, Germany)E A&3ted &4319c},

3) 84 FA Ao I kinetic modeling
Z 20AY BAEA: A4S Wasty HH9 A/NES 2PE 4¥EY 9
8o ¢ o8A FHHEL WA kineticsE modeling 3FFTh AZo) A YAGA9)
AL 02 o2 JMAHRAR, ¢ F BAHELY FEo] A% &AL Len et
al. (2002)°] we} 13} kG0 2 JIASHAT. wEA £ systemo A BAHGL
=2 A 4](mass balance equation)e CTH-3 o] XEE 4 it
dC

Sr=h—hkC (M
QA YoM C = 4 E29] FEmgL as Cl), k, = A7)E30) g SYG2 4
A EEZTmglh), k = 494 L £E450T), 283 t = Aol
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g4 G429 F¢e HOCIO) CLS HE L o]F3 Y& pH 5 o)3tolA F2 L3}
o pH7} W& £5§ @usitt wey §494 FEEEA4 LE pHY 4=
T Y EAFANE LSS &8 5 84¥E4L A4 kineticsE modeling 391t}
olo] thE ol ¥ HF i dFsAAN At

9. ¢ @ systemo] | AAF A7)E2) 4F LT E3} 9§}

) FAE, A R gz
olf WA T Edwardsiella tarda (KCTC 12267)S} Streptococcus iniae (KCTC
3657)E AME3ted AMF HrlP2e] AFERE HLIE YT o] 72 oF ¥
Yo7 Ix AT A ZHE dod F Uvdn A v F ¥ EF
10 mL®] brain heart infusion (BHI) broth (Difco Laboratories, Detroit, MI, USA)ol #
%38l E. tardax= 37Co\ A 8. iniae= 28T A 24 h Huj 3Tt

2) Ao Eas gyr)

AufF M FdE 4ColAM AHENE tarda® 73-F 5000x gol A 5 min, S.
iniae®] 7% 7,000x golA 10 min)d F AA AL M2 10 mLe PBS (phosphate
buffered saline, pH7.4)& WX voltexing ¥ Y4 EE FAH L F A AAso AT
¥ #AE dpsgg. se" #Ae HE2FA 57 9F 1.0 x 10° CFU/mLO)
55 20 LY #5ol EE3CE Labscaled #F £ systemol A FAE X
g S+E 4 Lmin® 422 ¢ 5 min S8 & A7) 4FL A&

dEAHF= 001 AZ DHEFHOH F FH9(S Hz € 144 kHz)® T+ 2%(15
2 25Tyl A AFAPE AAEHT IBE A7 A w2}t 100 mLe) HFE
AEYsgen zk A=) 02 mLe 0.1 M Na$;0:8 ¥ 15 s 2+ wuksle &
BALAE AAFHYY (Urano etal, 2006). AES AFSFE pour plate methodZE
AHg3te 2334tk AAE | mLE 40C9 20 mL BHI agardl 4€& ¥ E. tardatc
37Col M S inigex= 28°Col A 48 h incubation$ ¥ A& SH3AT

gl ol AE fAE 98 &4 A & AxALE QY
1) &4 JaF deAx AL2F

AEEE M 2L d&FoE AN Yt Aser AR deAz7)
(SLF225, NTF Co., ltaly)7} 928 Al2¥& /NP3t (I8 W& 2 29



A Fx) BAELY FE= iodometric WY& o] &F chlorine test kit (Hach,
Ames, IA, USA)YE ©|&3l9 ZEAEH ST pHY ORPE oA AFT digital
pH/ORP meterE AM§-3te] FA A

2) BA YRAYL € BX Gt E B4
F X (length = 17 - 20 cm, weight = 50 - 60 g)& $ A2HL oLz Az
A d& F2 A flake B S5 4 FA vig 112 WE77 §O
X0 polystyrene box ¢tell ¥3 4C WA Do HAs AT oo i L& Zo}
FRHM A9 v E F7HE SIS B FEEF, AW, 29y, E
€ AOAC (Association of Official Analytical Chemists)o] A} ZU @ WHe) ula} ztzt
e

3) P|AETH Hrt
A F BAE st XL B8t stomacher (Seward Medical, London,
UK)Z 187 #3381 739L 085% NaClg B o2 HAH3 A8l aerobicit
psychrotrophic  bacterial counts& ZA3}t}. Aerobic  bacterial  count$}
psychrotrophic bacterial count= Plate Count Agar (PCA)E o]&3std z+zt 30TCoA
48A12F, 4Tl 10 Wi F3le &3k

4) 33t4 Bt

FAKE #3t total volatile basic nitrogen (TVB-N)3} thiobarbituric acid (TBA)
7}7} Conway's microdiffusion B3 Tumer (1954)8] whgo 2 ZAFPd 2
559 pHE A=%7le] & Wyos Z3dYd.

0 il

5 #5497}
A3 F B2 BFA ¥Ide 89 #AE Tasmanian Food Research Unit %
Hell w2} 10919 sidg o] 83 H}sl % THTable 4).

oﬂ
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Table 4. Modified scheme of Tasmanian Food Research Unit

Demerit points

Parameters

0 1 2 3
Appearance Very bright Bright Slightly dull Dull
Skin Firm Soft
Slime Absent Slightly slimy Slimy Very slimy
Stiffness Pre-rigor Rigor Post-rigor
Clarity of eyes Clear Slightly cloudy Cloudy
Color of gills Characteristics Slightly faded Very faded
Color of belly Opalescent Grayish Some yellow Yellow
Smell Sharply seaweedy Fishy Stale Spoilt
Firmness of belly Firm Soft Sunken Burst

Total demerit points: 0 - 22
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Al2A AFsY2aH

LA 1 ARFA  FAFEANBEY AVle2A Ads R
e fFEcld R FLATIVAAY 8

7h A4 FY A GRE A A4 &

A71EHE et ALRE 5 e A5 A4%A DIPS KY/
d )E ol &5t SEWSE WEWE ARt

7hH A=A 23 SEWS A=

jutt 3%

0.1% NaCl £ 40LE AT Hsly AAAXS) AZFE EH g
10V, A& 10A, % 64L/minE SEWE QAT 1 EAE 23 Anxe
9} g},

At o2 AAS SEWS FEGAFEE 35:1.20/0.20, pHE 2302, ORPE
1,140£20.4mV o] 1t}

) Aadef] 93k AEWS] A X
0.1% NaCl &9 40LE ZAY4 A4 A

10V, AF 10A, % 64L/minE AEWE A3}
o Zo

2 24

o3l

Aot AZg Ed3d Y1 1
4% ZE Table 6

k1
M
e
oXx
o
e

et og A3 AEWY FAEYAFEE 0.1x0.0ippmo] e, pHE 11.6£1.1,
ORPE -900+18.2mVo] % Th.

th FH A FWEW)S B4

0.1% NaCl £ 40Lo) pH ZAAE HCIE Hslsled ZHY AFHS: A4 AR
o 972" E®Io ¥ AY 10V, AF 10A, 7% 34L/minE WEWE A4Hslxn
3 EAE 5% A= Table 739 2o
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Table 5. Properties of SEW*

Type Available chlorine (ppm) pH ORP(mV)

SEW 35 £ 1.2* 23 £02 1,140 £ 20.4

*Values are the means of three replicated mesasurements + standard deviation.

Table 6. Properties of AEW*

Type Residual chlorine (ppm) pH ORP(mV)

AEW 0.1 +£ 0.01 11.6 £ 1.1 -900 + 18.2

*Values are the means of three replicated mesasurements + standard deviation.

Table 7. Properties of WEW*

Type Residual chlorine (ppm) pH ORP(mV)

WEW 35+ 14 6.5 £ 0.2 753 = 11.3

*Values are the means of three replicated mesasurements + standard deviation.
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Autoz A WEWSY FAGAFET 35+14ppmol eV, pHE 6.5:02,
ORPE 753+11.3mVolUth

2 39 HU1ES ¢ B4

AFss 40LE FATL4 Mg Y A d2€ ER3H ¥ AL 10V,
AF 10A, fr4 34L/minE WEWE A4stl FEAEAFE, ORP, pHE SA3JL
5 1 A& Table 83 2.

2) A5 4T 54

7H SEWSF WEWS] HAA 2 Ry Ao g 4384

Autaog Aik® SEWS FZH oz Alikd WEWS WAAMT 2 FsjAZd
g 4TEAE ZAN ZFE Fig 634 Zoh

35ppm2] ol PAAE AL 6027 HPsAE 1.0x10°~1.0x10° CFU/mLS} o] &
£ g o, SEW, WEW F3] 3027 A2 ¥ AFE RE BT ¢ ¥
HAFE A 2L FEAQATESE AT AotFAAEAR TG FF Yol
Holutge A& ¢ & UAATh

W AZxe e A fEHL & Hie 4784 A&EH

(1) A E-9 e SEWe] 84 ¥ A4FEA ¥s

Aoz A% SEWE B8 &7 g AL 450 RadEM FEQ
AFX, pH, ORP, 47849 ¥alE &A™ 2 ZIAE Table 99 ZTh

AEE ZdA A0 2BE A, SEWY FEGLAEEE X 35ppmoiA] A
Z 17894 1.2ppm2 2 A8 A Faden, Ade] Age wet A% FAstd
28U Aol 0.lppm A= ZFEsta AJrh ol AEE AHo]7] WEe] 47t F
7] FL2 Hud Aoz &40,

R+ Listeria monocytogenes$t E. coli O15TH7E WA TF2 3t TEEY ImL
} 43717t A9 SEW 9mLE 49 3027 s 47384 ALAHRE A
g 23, AR 1A E AFEA A 37 AUy ARl DojAFE 4
T84l "old, Y 14AdA ATl A9 A4HIeH AHA 28UA9
Gram-positive Q1 L monocytogenes®] 745 5 logd To] AEdPoH,
Gram-negative T2 E. coli O157:H79] 7%, 3 logel o] A&E34A)
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oldel Az E u, /MEE AuolA SEWS AT¥A FEVTELE & 7Y =
g2 F&dg4g.

(2 7N58 Jeere] WEWS] EA 2 AdaEA W3l

FZnA oz P4 WEWE MBE &7 2 42 47 BA}EAH &
H4EXE, pH, ORP, Hd&Ae ML FAHSAS I ZH< Table 103 24

MEE FejolA 2 BB AL, WEWE SEWS o] FEGAFEE H2
35ppmell M A 1FYA 14ppmeE FHSA ZAdH o™, Alde] Age] e}
A& ZAaste 284 E 0.lppm A= FEs YA

8 Listeria monocytogenes$t E. coli O157T:H7S UATFE 319 d8EY ImL
gt 471 AFAE SEW 99mLE 4o] 3027 Astoq T8 A&LEHRE £
# A3, WEWE AR 749A7 A= 478 WUt ey AR |zie] Zof
AFE AFgAFol HolA, A LA Fad8Al A &AHJeH Y 28Y
Aol Gram-positive T L monocylogenes®] 73-F 4.5 log¥ To] AEIPoH,
Gram-negative @< E. coli O157H7S] 73-% 2.3 loge) #o] ZESAT

ol 49 Az & o, /H¥E FeolA WEWS 4adEA4 FA7|7E SEWS 79
AL FZHo.

(3) ZE8 Aeolre SEWS A % AwgA ¥y

DA dEE Aoz AN SEWE YEE £7]d g1 A9 4F% B
#AAN FAEALFE, pH, ORP, ATEAY WE FAsIGer 2 ZAde
Table 113} Zt}

YEE Aoy Ao 2Ed 3, SEWY FEYAFE, pH, ORP 2F AY
Wyl givlen, 4F¥AE JWE FA3 o] AHFE BEF M B
BE A o 4FT EA L AFEAEE 2UE {AE £ dEe AL EUC

@) WEE dedxe WEWS A 2 AFgA ¥y

DEollN A FAgoz YA WEWE TEE £7]d 23 & 453
Bgsds fFEQLSE, pH, ORP, A9 ¥MAE &A3%en I ARe
Table 128} 2t}

UEE AgolA Ao B@§ AS, WEWE SEWS fAMsHAl FEQGATE,
pH, ORP E% ¢ #f7} gisied, 4384 2dE FA%T Ao Hi+E
YEG FejolM BB FS S 4F70 BY R ATRALE 2UE /AL £ U
AE FdT.
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Table 8. Properties of electrolyzed seawater (ESW)*

Type Available chlorine (ppm) pH ORP(mV)

ESW 80 + 1.2 8.0 £ 0.2 -500 + 20.4

*Values are the means of three replicated mesasurements + standard deviation.
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V. vulnificus V. E. coli O157:HE. monocytogeneStaphy. aureus Ps. putida  Ps. fluorescens

parahaemolyticus

Fig. 6. Bactericidal activity of SEW and WEW against food-borne pathogenic bacteria and

putrefactive bacteria.

Initial cell number; B, 35ppm NaClO solution, 30sec; L, 35ppm NaClO solution,
WEW 30sec; BN, WEW 60sec;

“3

60sec; L1, SEW 30sec; I, SEW 60sec;
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Table 9. Changes of properties and bactericidal activity against L. monocytogenes and E. coli

O157:H7 of SEW under open storage condition at room temperature®

Storage Awvailable chlorine Surviving number (Log CFU/mL)
time concentration pH ORP(mv)
(day) (ppm) L. monocytogenes E. coli O157:H7
Initial 7.0 £ 0.11 7.0 £ 0.05
0 350 £ 1.2 23 +£02 1,140 £ 204 ND® ND
7 1.2 = 02 23 £ 0.1 965 + 17.1 ND ND
14 03 £006 23=+04 820 = 18.5 <1.0° <1.0
21 0.2 +£002 2303 795 £ 13.2 2.3 £ 005 1.5 £ 0.13
28 0.1 £003 23=x02 756 £ 16.4 4.7 = 0.08 2.8 £ 0.09

* Values are the means of three replicated measurements + standard deviation.
° Negative by an enrichment medium and no detectable survivors by a direct plating method.

° Positive by an enrichment medium and no detectable survivors by a direct plating method.
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Table 10. Changes of propertics and bactericidal activity against L. monocytogenes and E. coli

O157:H7 of WEW under open storage condition at room temperature”

Storage Available chlorine

Surviving number (Log CFU/mL)

time concentration pH ORP(mV)
(day) (ppm) L. monocytogenes  E. coli O157:H7
Initial 7.0 = 0.11 7.0 £ 0.05
0 350+ 14 65+02 753 % 113 ND" ND
7 1.4 £ 03 66 = 0.1 733 £ 10.5 ND ND
14 0.4 £+ 0.02 65+04 726+ 98 <1.0° <1.0
21 0.2 £ 001 6503 712 £ 125 2.1 = 0.1 1.} + 0.09
28 0.1 £ 0.05 65 £ 03 695 £ 10.6 4.5 £ 0.04 2.3 £ 0.02

* Values are the means of three replicated measurements + standard deviation.

® Negative by an enrichment medium and no detectable survivors by a dircct plating method.

¢ Positive by an enrichment medium and no detectable survivors by a direct plating method.
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Table 11, Changes of propertics and bactericidal activity against L. monocytogenes and E. coli

O157:H7 of SEW under closed storage condition at room temperature’

Storage  Available chlorine Surviving number (Log CFU/mL)
time concentration pH ORP(mv)
(day) (ppm) L. monocytogenes E. coli O15T:HT
Initial 7.0 = 0.11 7.0 £ 0.05
0 350 + 1.2 23 £ 02 1,140 £ 204 ND ND
7 345 + 1.8 23 £ 01 1131 £ 112 ND ND
14 36.t £ 14 23 £04 1,138 95 ND ND
21 353 £ 0.2 23 £ 03 1,135 £ 12.6 ND ND
28 342 £ 0.8 23 £02 1,136 £ 104 ND ND

* Values arc the mcans of three replicated measurcments + standard deviation.

® Negative by an cnrichment medium and no detectable survivors by a direct plating method.
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Table 12. Changes of properties and bactericidal activity against L. monocytogenes and E. coli

0157:H7 of WEW under closed storage condition at room temperature®

Storage Available chlorine Surviving number (Log CFU/mL)
time concentration pH ORP(mv)
(day) (ppm) L. monocytogenes E. coli O157:H7
Initial 7.0 £ 0.11 7.0 £ 0.05
0 350+ 14  65+02 753+ 113 ND" ND
7 355 + 1.1 64 £ 03 755+ 83 ND ND
14 350 £ 1.7 6502 749 + 103 ND ND
21 345 £ 1.0 64 £01 750 %119 ND ND
28 347 £ 05 64 +04 745z 76 ND ND

* Values are the means of three replicated measurements + standard deviation.

b Negative by an enrichment medium and no detectable survivors by a direct plating method.

- 73 -



th 89455 % pHol o}& SEWS WEWS| A7 #A

() FEGALEEY WE SEWS WEWY AT 84

L. monocytogenes$t E. coli O15TH79 t§ SEWS WEWS] A7 84 oA
A FEGLASE 9L ZAE ZFE Table 13, 149 2T

SEWE gol2FE HMId FAELFEE 0.1-~20ppm7tx] A4 F L
monocytogenes$t E. coli O157T:H7 Wt Aad8AE RAIS A3, E coli O157TH7
o AL, FEEAFE 0.1 ppmolA F 4.5 logZ7t FasIH o™ 0.5ppmoll e Fol
AEHA Fkvh. 28 L monocytogenes®] 73F FEEEFE 0.lppmolAe <f 3
log 2435 0.5ppmAME Fo] HEHUY. FEEALFE 1.0ppm oM e
F o BT ZEHA Fkti(Table 13).

WEWE ®olr2 3 4dd FAEELFTE 0.1-20ppm7tzl 343 £ L
monocytogenesS} E. coli O157T:H7¢| W3t A 8A L& ZAE Z3, SEWS A
A& Yoy FEYATE Loppm olFME F @ EF AEHA ot
(Table 14).

ol A SEWS WEWY fFEFA¥EZ 5&5E 4T84 F7Hede
RE %8™ E coli O15T:H77Y L. monocytogenes BT SEWS] ®IZsIE AL <
F UAA

$H ORPE AM3}-#HUY e Jehld, =& ORP & 7% itsigol gide A&
ool gttt 0.1~0.5ppme] FEAHAFEE 7HAE SEWE ORPE ©°l249 ORPET
A28 & ®& UEIHATHTable 13, 14). SEWSH WEWS] ORP &2 frEgL®
=7t F7Hge) @ Frhstg e, SEwe A9 FAEE4AFEYt 20ppmY @, ORP
= 1100mVel] @3l3tt o] ZARFE Hart 2T deA o), 13t o] 47
B4 dlolgte AE ¢ & AN A5 A AL AFAE W
9} sulfhydryl 31gE<] At2l(Leyer and Johnson, 1997) E& TE S 83§ metabolic
system 2}3}(Albrich et al., 1986; Barmrette et al., 1989; Hurst et al., 1991)3} AT
9] F4& dAste ez A€

A Hgo] E48A P FEAGLSE 05, 1.oppme SEWS pHE ¢4
461, 42622, AT FAE JA 7] 43t SEWS 22 pH (23)7F ¥r=EA] ¥
T3] Ae] ohlze AE ¢ F UA(H
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Table 13. Bactericidal activity of diluted SEW against L. monocytogenes and E. coli O157:H7

as function of residual chlorine®

Available chlorine  Surviving number (Log CFU/mL) Properties of SEW

concentration
(ppm) L. monocytogenes E. coli O15T:H7 pH ORP(mV)
0.0° 7.0 £ 0.05 7.0 £ 0.03 5.80 £ 0.05 350 + 10.5
0.1 4.1 £ 0.12 2.5 £0.09 5.32 + 0.11 728 + 18.6
0.5 <L.0° ND 461 = 0.05 831 + 13.7
1.0 ND‘ ND 4.26 = 0.09 887 £ 9.5
5.0 ND ND 3.53 = 0.08 1,006 + 11.8
10.0 ND ND 3.21 £ 0.13 1,035 + 14.1
15.0 ND ND 3.01 + 0.12 1,095 = 11.6
20.0 ND ND 2.90 = 0.03 1,126 = 12.8

* Values are the means of three replicated measurements + standard deviation.
® Control, treated with buffer solution.
¢ Positive by an enrichment medium and no detectable survivors by a direct plating method.

¢ Negative by an enrichment medium and no detectable survivors by a direct plating method.
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Table 14. Bactericidal activity of diluted WEW against L. monocytogenes and E. coli
O157:H7 as function of residual chlorine®

Available chlorine  Surviving number (Log CFU/mL) Properties of WEW

concentration
(ppm) L. monocytogenes E. coli O15T:H7 pH ORP(mV)
0.0° 7.0 + 0.05 7.0 + 0.03 6.50 £ 0.14 489 = 9.8
0.1 4.5 £ 0.07 2.1 £ 0.02 6.48 = 0.11 716 £ 11.2
0.5 <1.0° ND 6.50 = 0.12 720 + 8.5
1.0 ND¢ ND 6.49 = 0.04 720 £ 2.7
5.0 ND ND 6.53 = 0.08 728 + 13.5
10.0 ND ND 6.48 = 0.32 730 + 10.6
15.0 ND ND 6.47 + 0.06 735 £ 8.5
20.0 ND ND 6.51 = 0.07 743 + 12.8

* Values are the means of three replicated measurements + standard deviation.
® Control, treated with buffer solution.
¢ Positive by an enrichment medium and no detectable survivors by a direct plating method.

¢ Negative by an enrichment medium and no detectable survivors by a direct plating method.

- 768 -



(2) pHol| W& SEWS} WEWS] 2384

SEWS] pHE 3.0, 50, 7022 =A% ¥, L monocytogenes®} E. coli O157:H79
e AFEAL ZA AIE Table 15, 1654 2o FAEAEE7F 0 ppmel pH
3.0, 5.0, 7.09 buffer solution(contro) .2 X3 AL, F TF EF T4 ¥H3
7F A9 gl RS2 YEhY pHl e %2 fle Ao=E YEint 28y f&
a7l F71%dd g 4784T F718t FEHASEY 1.0 ppm o]l A
T pHoll #AIgel 7ol HEHA gol, SEWY A4TEAL pHET FEFELFTY
F4EE e ¢ 5 AU

2H) V. vulnificus, V. parahaemolyticus®] 3+ HHFFAZA Y
FANEY] Fo AEHAEYL V. vulnificus$}t A5 FEHTRA V. parahaemolyticus®l
i3 SEWS WEWS HHAFZzAL 2AIY ZIHE Table 173 Zth
FRAFALEETL 15ppm o] wWie AL A F TF EF FH8A
X3 At FARAEA¥EY 10ppmdd A, 15%2 o AP stodor L@ Aol
Vet o™, sppmgl A+ 30%, lppmQ AT 60 o] HEsiodor AFEA 0
Uelue AL ¢ F A4 282 pHE 2.7~3.3°] A tH(data not shown).
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Table 15. Bactericidal activity of diluted SEW against L. monocytogenes as function of pH

Available chlorine Surviving cell number (Log CFU/mL)’
concentration

(ppm) pH 3.0 pH 5.0 pH 7.0
0.0° 7.0 £ 0.05 7.0 £ 0.07 7.0 £ 0.11
0.1 4.1 + 0.12 4.7 £ 0.20 6.8 = 0.18
0.5 1.5 + 038 1.9 + 0.42 4.1 + 031
1.0 ND* ND <1.0°
5.0 ND ND ND
10.0 ND ND ND
15.0 ND ND ND

20.0 ND ND ND

* Values are the means of three replicated measurements + standard deviation.
® Control, treated with buffer solution.
¢ Negative by an enrichment medium and no detectable survivors by a direct plating method.

¢ Positive by an enrichment medium and no detectable survivors by a direct plating method.
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Table 16. Bactericidal activity of diluted SEW against E. coli O157:H7 as function of pH

Available chlorine Surviving cell number (Log CFU/mL)"

concentration

(ppm) pH 3.0 pH 5.0 pH 7.0
0.0° 7.0 + 0.14 7.0 + 0.05 7.0 = 0.08
0.1 43 £ 0.04 47 £ 0.14 6.5 = 021
0.5 1.2 + 0.13 1.2 + 0.08 14 = 0.17
1.0 ND° ND <1.0
5.0 ND ND ND
10.0 ND ND ND
15.0 ND ND ND
20.0 ND ND ND

* Values are the means of three replicated measurements + standard deviation.

® Control, treated with buffer solution.
¢ Negative by an enrichment medium and no detectable survivors by a direct plating method.

¢ Positive by an enrichment medium and no detectable survivors by a direct plating method.
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Table 17. Optimum bactericidal condition of diluted SEW against V. vulnificus and V.

parahaemolyticus *

Available )
chlorine Trgl;ileng SEW WEW
concentration (co0) V. .o V. v.
(ppm) vulnificus parahaemolyticus vulnificus parahaemolyticus
Control’ + + + +
0.1 5 + + + +
15 + + + +
30 + + + +
60 + + + +
0.5 5 + +° +/- +-
15 + + + +
30 + +- +/- +
60 +/- + +/- +-
1.0 5 +/- +/- +/- +/-
15 +- +/- +- +-
30 ND* +- +/- +/
60 ND ND ND ND
5.0 5 +/- /- +/- /-
15 ND +- +/- ND
30 ND ND ND ND
60 ND ND ND ND
10.0 5 + ND +/- ND
15 ND ND ND ND
30 ND ND ND ND
60 ND ND ND ND
15.0 5 ND ND ND ND
15 ND ND ND ND
30 ND ND ND ND
60 ND ND ND ND
20.0 5 ND ND ND ND
15 ND ND ND ND
30 ND ND ND ND
60 ND ND - ND ND
25.0 5 ND ND ND ND
15 ND ND ND ND
30 ND ND ND ND
60 ND ND ND ND
350 5 ND ND ND ND
15 ND ND ND ND
30 ND ND ND ND
60 ND ND ND ND

* Values are the means of three replicated measurements + standard deviation.

® Distilled water with 3% NaCl.

¢ Growth.

¢ Positive by an enrichment medium and no detectable survivors by a direct plating method.

° Negative by an enrichment medium and no detectable survivors by a direct plating method.
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39A A 1022 gadgoen, £¢ 54 A2HA g Eﬁ%ﬁ =%
394 sy HEPAA oldtz FasHLeH, TS 43U 2002 AL, &
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3027 Al F ZAAASAFR 3027 AHSHE WE 4, 4, 5, 3 log7h FHAE
ATER7 9 #3409 28y Fed FUEY A9, FAAAAANSFE 6027 A3 3
A% ¢f 1~2 log ALY F4sld HeAAs) g okAd wdle =7 A vEl
o 2y ZEZRAARNTE 30270 AH F AAAAANFE 3020 A By
oF 4 logZ7t A4St 72§ AFERE 4€ F AU FANWRTE AHEF 30ppm
NaClO €949 ¢ EE ofafe digle AR RT dFaHrt 2L Aoz Y
123~3= 3

BAR(I998)YE HIALAT B F s a4y HeSE Reee ANE 2
I} Escherichia coli O157:H79% w3 FFdEH7}L ALY oo ols Escherichia coli
O157H77} F¢&9 ZA¢o g ARy gid EUATFS A A5y 9%
S w4 getn Eag b gled, B Agy ASx o9 mlsd
AR, okAle] FHl W AalFe) LFEAD FHolst Yg Re Mas}

o
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Table 18. Disinfection effects of WEW from sea water on oyster in sea water tank

Available chlorine Viable cell number Coliform group
concentration Treating (CFU/mL or g) (MPN/100 mL)
time (day)
(ppm) Sea water Oyster Sea water Oyster
0 8.7x10° 42x10° 23 1,100
0.5 = 0.1 1 1.2x10° 3.5%x10 2.0 490
2 4.3x10" 2.8x10' <1.8 40
3 <2.5x10° <2.5%10' <1.8 <18
5 <2.5%10° <2.5x10 <1.8 <18
0.53 + 0.0 1 3.2x10° 1.3x10? 17 540
2 1.4x10" 4.1x10" 2.0 78
3 <2.5x10° <2.5%10 <18 <18
5 <2.5x10° <2.5x10' <18 <18
0.1 £ 0.0 1 5.8x10? 1.1x10° 14 790
2 6.3x10' 5.3x10? 11 350
3 2.6x10' 5.1x10' <18 20
5 <2.5%10° <2.5%10" <18 <18
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sprouts sprout

Fig. 7. Disinfection effects of SEW eon vegetables.
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2) FHEE % AL A dFaq

7h 287174 dg "¢ FFaY

FARRES 28 7o) B W AFERE Fig 89 dehiUoh 79, 2
o] 7%, 3027 Aoz o] AEHA GO, Trbe) BE 30x AHo o)
log, 60& Al o 15 log FAsIFeH, Zddeldsj+2 3027 AHE F, %
ARHsSE 3027 MAE AT oF 25 log BASAT. FAH dEZTEAH AL
30 ppme] NaClO £9e] Z$, 30x7 Moz #o] A& UNLH, 6023
MHoz 7t ZelMe Fol FEHA FURou, Euke o | log AT Ao
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A, ol widge My Aoz dutddolyd o]l HEHA RS
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CFUm’ A= AZHAoY Hs4g AHF Foe Fol HEHA 9o} #Hold &
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HeflrzZ nF3He e F 1843 FHe] YT 3 log A& PFaddo
o, AT 9F 2 log A= Z4L8AT 2y S 4FL HA Yo} 7%
el HAHA HFol F& 7€t & AR AIRETL

o) FU4E &o S Ao 47EY

g FHLY ol 298 FAulBE L FVibrio parahemolyticus)$t vl B 2] 2 5
5T (Vibrio vulnificus)oll 3t ZrAgAs)5e 4 ERE SHF dAE Fig. 9, 10
3z}

FEFE && AL A E, Fguidgde gy v 3] AYFT F 2§ ZFAA
ol AEHANY, AR ATE && 75”?' 3F ZFAM o] FeH
A ¥yt = FEBNEANFLR 1520 &S AD, FANAHFE 152 &8
e BEdx F 2§ ZFA o] AEHA ¥ol ohl’"é%‘l 7t ZY e A7A
HE 7HAL UL E GAHAC
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Fig. 8. Disinfection

Kitchen scissors Kitchen board

effects of SEW on kitchen apparatus.
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Table 19. Bactericidal activity of EW on apparatus of school meals restaurant

Viable cell number and coliform group (CFU/m’)

Apparatus

Before washing After washing by SEW  After washing by WEW
Table ware Not detected Not detected Not detected
Dining table Not detected Not detected Not detected
Stainless steel bowl 7.5 x 10° Not detected Not detected
Kitchen board Not detected Not detected Not detected
Kitchen knife 25 x 10° Not detected Not detected
Rubber globes 43 x 10° (12 x 105" 83 x 10 32 x 10) 5.6 x 10° (3.2 x 10%)
Cup for water 2.5 x 10° Not detected Not detected
Sink table 7.5 x 10° Not detected Not detected

‘The number in parenthesis means coliform group.
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Fig. 9. Bactericidal activity of SEW against V. parahaemolyticus contaminated on

hands.

Fig. 10. Bactericidal activity of SEW against V. vulnificus contaminated on hands.
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3) ¥4 A AzA AMREHE g4 dAEFEN G A &8

7h A, st o] Y& g AIEHF 9%

¢ A7IESF FA FrEd e g} He A& Fig 113 2. €4y
A% A% g¥ EF GA7F EE A=A, 100 449 Fe He dA7
APz AESYL, ddle dH 9 diFEo] HAHUT

S EEREE I E S P EX ES R RS

A5 A71Eas H4 sEde] WE selst P9 A& Fig 129 Lok 9
A 4% 27% Qdoz ey AYTAA A9 A 25 WAHYL, 108
a3 AYTANE AN G4 15%E0] WARE ARe RAT 2 208
9 30w 84 A9TE QAV WY AAER AT =W Y BS 4902 A
P8 AYTAN FAY WAL TF BAHE B RYAD oA AYTFA
= WaEE 9AE JEhA Lt

th A3 g gAY AXA WA A7RATe] J4eeE IF

ANBHSF FA AR B8 A g GAY AAE | E dAnEeE B
g Ax, Ao Afe Ay BFo A9 wEst gidch wde s A A
108 Folle gAY AxEo dyse AS FHNFAL, A 308 Foe AXY
o gy % IR Axe fE @AsATH(Fig. 13)

ol AIE FTHIY, MR AT HAH A WA AR "2 ¢
HetA RAsta, g 11171@ F Ae AFFTY A AVIEds 10u) FA
RANBEHSE 1 dHEslE 9o 3027 FA e Zo] /MR AHdE AES €
Atk
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Fig. 11. Effects of electrolyzed seawater on survival of laver and green laver.
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Green laver

Fig. 12, Effects on survival of laver and green laver by dilution of clectrolyzed seawater.
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Fig. 13. Effects of electrolyzed seawater on leaf and cell survival of laver

and green laver cell by treating time.

A,
B,
C,
D,
E.
F

Laver, before treatment: normal leaf

Laver, after 10 min treatment: normal leaf

Laver, after 30 min treatment: normal leaf

Green laver, before treatment: normal leaf

Green laver, after 10 min treatment: leaf disrupted

Green laver, after 10 min treatment: cell wall of leaf disrupted and cell disrupted
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Zh) ok AR gy Ao et ArjEsse] HYs=E Y

A AdortMe wid ¥R Fuldtd O d&d 4YE &9 w14
4 A= 73] 2t F IR & A4 st e ZV|(7FEE)de A
gE A9 &A g1 Uchrt 11E F& AFH EMx120M)dl Eol A= g
S F2ES AAS 98 dAEsH, Aol ARETE MM Y FE7F Eolot
8t7] wZol uigkEel] Histe Abe o]l FUbsln EE Sk Eoluvbn Uk (B
FoiZtell A 100~15088 A4t L) wetr] B dFNME Table 203 o] 3
AAGAEE A5 XY g TFEH AABAH

AEEH, Table 213} Zo] dAFE 1 AAULE 108 Fx FHoz 7 4HA
AZA Y 7ol e ReZ Ygnten, 44459 pHE 2.64°|ATH(10M 2 3§
A3E 5.030] E). AT FAHFIINHE 1% HIMg A 08 Bxel Y &
H(pH 5.68)0 M AFA7} F& A2 Ue o vi(Table 22), FAHF714hE 3% H7t
g ALE 1004 Ao 34 fA(pH 5.68)dM EH7F L& A2 el tH(Table
23). AHAdgel f714be 20% EF/E B 1008) FAEANM F2E 100% AA
M AT AEEC] =& FEE o HFFT Ao 2 e THTable 24).
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Table 20. Treating time and abailable chlotine concentration of electrolyzed seawater in laver

aquaculture
Electrolyzed t
Time ectrolyze ieawa o Treating time
(ppm)
Early 25 almost not treated
(late autumn)

Mi

?ddle 50 treated interval of 15~20 days from middle of Nov.
(winter)

Fianl

1§n 90 treated before 7 days from harvest

(spring)

*Available chlorine concentration
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Table 21. Death rate of laver and green laver cell by treating of electrolyzed seawater

Death rate (%)

Sample  Control” 1/107 1/30 1/50 1/100

30 sec” 60 sec 30 sec 60 sec 30 sec 60 sec 30 sec 60 sec 30 sec 60 sec

Laver 100 100 10 10 1 | I 1 1 1
Green

100 100 90 100 30 40 30 40 5 5
laver

1) Available chlorine concentration of electrolyzed seawater was 90 ppm.
2) Electrolyzed seawater was diluted by seawater (EW 1 : Seawater 9).

3) Treating time.
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Table 22. Death rate of laver and green laver cell by treating of 1% of HCl in electrolyzed

seawater

Death rate (%)

Sample  Control" 1/10%

1/30 1/50 1/100

30 sec® 60 sec 30 sec 60 sec

30 sec 60 sec 30 sec 60 sec 30 sec 60 sec

Laver 100 100 100 100

Green
laver

100 100 100

5 5 5 1 1 1

90 70 30 50 5 5

1) Available chlorine concentration of electrolyzed seawater was 90 ppm.

2) Electrolyzed seawater was diluted by seawater (EW 1 : Seawater 9).

3) Treating time.
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Table 23. Death rate of laver and green laver cell by treating of 3% of HCI in electrolyzed

seawater

Death rate (%)

Sample  Control” 1/10? 1/30 1/50 1/100

30 sec” 60 sec 30 sec 60 sec 30 sec 60 sec 30 sec 60 sec 30 sec 60 scc

x4 100 100 100 100 90 90 20 50 10 30

gz 100 100 100 100 100 100 100 100 100 100

1) Available chlorine concentration of electrolyzed seawater was 90 ppm.
2) Electrolyzed seawater was diluted by seawater (EW 1 : Seawater 9).
3) Treating time.



Table 24. Death rate of laver and green laver cell by treating of 20% of organic acid in

electrolyzed seawater

Death rate (%)

Sample  Control” 1/10 1/30 1/50 1/100

30 sec” 60 sec 30 sec 60 sec 30 sec 60 sec 30 sec 60 sec 30 sec 60 sec

Laver 100 100 90 90 50 50 20 20 10 10

Green
100 100 100 100 100 100 100 100 100 100

laver

1) Available chlorine concentration of electrolyzed seawater was 90 ppm.
2) Electrolyzed seawater was diluted by seawater (EW 1 : Seawater 9).
3) Treating time.
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'd X (Flounder, Paralichthys olivaceus) 4% 2o FFdte H5-E A7EH &S
e WHFE 238 AT Table 259 Tt} 38 uhEdo AP3 A, AR
& &7] Ao ARt 22x10° CFUMLOIYE sl AVIES F Aas7t 2
A olstz ZAd A

a8y A3 Ar1ESs] REYAFESL 05 ppml R, o] HFE YAE FF
31 e 20 FFF Y 13RG 79T 20089 X F 109t Fo A
L FAY F7F JAATFig 14). oo EAeL ZE(AAZFANLE F4E F3Fs
o FEFALFTETE 001 ppm ©|82 TR S FFEA s+ HEFE
E3% ZAHJE Table 2691 JeRIATD FF 194, 259 Base 2FF
2.2x10° CFU/MLZ®E] 32x10' CFUMLLE Z4digen, 33 39ARE AE84
oj&t2 a3t

ojde AAZRE YAF F2 FFHE H4E AVRAY F FEFELFES
0.01 ppm ©]3E A3 FFH}H FaAEdl e 4E FFE § Ao, &
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Table 25. Disinfection effects of electrolysis on supplied water for hatchery

Time Viable cell number (CFU/ml)  Available chlorine concentration (ppm)
Before treatment 2.2x10°
First <2.5x10' 0.5 + 0.01
Second <2.5x10" 0.5 + 0.03
Third <2.5%10' 0.5 = 0.02
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Fig. 14. Cumulative mortality of flounder cultured in electrolyzed sea water.
Available chlorine concentration, 0.5 ppm; Tank size, 0.1 t; Number of fish, 20
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Table 26. Disinfection effects of electrolysis on supplied water for hatchery

Time (day) Viable cell number (CFU/ml)  Available chlorine concentration (ppm)

Before treatment 2.2x10%
1 3.2x10" 0.01 + 0.004
3 <2.5%x10' 0.01 £ 0.003
6 <2.5%10' 0.01 £ 0.005
9 <2.5x10' 0.01 = 0.005
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W) FA4% gule) gy A dFEaH

Ao A AJESE T Qe FX(hose), A 3H(rubber boot), EXl(scoop net), canvas
=9 Aulo] Wty FEFAEE 05~1.5 ppme AF2 30~12083 AT F,
NF4E 2T ATE Table 278 Zoh 52, 1E2AHY 3L, FEFLEERE 05
ppme] A4 3087 A2 AFFEs o 100 CFUem® #Z43A L2, EAl(scoop
net), canvas:s FEFEAFEE 15 ppme M 120870 HE2A &7 o 10°
CFU/em’ Ztaste] RANE47} 4o AgHE A 2 779 2dd= 24
g agst de AE ¢ F AU
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Table 27. Effects of electrolyzed seawater on disinfection of equipment for aquaculture

Matesial Chlorine Treatment time Viable cell number (CFU/cm’)
concentration (ppm) (min) Before treatment After treatment
Hose 0.5 30 7.5%x10° 4.7x10"
Rubber boot 0.5 30 5.2x10° 2.8x10'
Scoop net 1.5 120 1.1x10° 8.9x10”
Canvas 1.5 120 1.4x10° 9.1x10?
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2.4 2 AERA : AAF AVYLE o8¢ ¥4 FId+ 4
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deposit FX & ZAFE AME3he 9o vt A FaAF F ez} 4E
. IFE o]&F "AEY A tF AFe AR WP A7 ®shy
obd zEGA mE oy, #¥ FFFH Fusd wt v|AE AHEAI}
2ol &2A Ut

Hilste AHFE Lo olv ARFE B AFUVE AR AFELEA A
4 F e HAREA A Loz go| d7HIL Ak okl IHAA wig
AR71E olE3td €& & e HFAFY & YA E Jepiidlen, o) & 4%
M AHEF HE AR FHo|nt

E dFdME o A 79 AE7 &9 e FAE HA AFsted 435
dor, AZd AAF A7IEE #YAA A9 schematic diagramE Fig. 15, 16
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4
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Fig. 15. Rectified pulsating direct current (PC).
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Fig. 16. Schematic diagram of low-amperage pulsating current generator including

clectrolytic cell.
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2) AAF H7Y2E o] &3 ¢ FF3 5 A4 system (lab-scale)

A4 40 L)) #F uteto] magnetic pumpE VFI}I F£RA E5HE B F
HE 53 AP H2 F43den FdE EL OA] FEE Eolrbe
lab-scale®] FTH systeme A 3Gt &8 AXF € FaS5e Ao FAE A
g2 2EFAANE 2AUT FF2EL A {3 FFAflow meter)E A3
AAEgon £ 2HL FEE YA 7RE F2Q ¥ ¥k Y45 8%
A g o]&dt Fro WHFE 8 2FIUSL AZE lab-scaled] £8A F
T4 A systemd B9 aP L Fig 177 2.

3) AAF HA7BLE o] &3 84 TS AL system (pilot-scale)

B3 2 FAogAM E8] AEEHE Gy A& F2(1500 x 750 x 600 mm)
Z o]#3}d pilot-scaled] T systemS HX AL F=Z olddde &4 6 em F
&) sand filter®} sponge filter’} X EH UL ©] filterE FHE ult-E-L water pump
E %819 fiber2 o]FolW F A9 micro-filterMicro-Clean, (F)& Y, #F, #)E
543 F YoM Ak AR 4& FHetd A F22 £HEH 28 A
F 2 Fofe Yo 5T A7EE 2HPXE MY 2HIAT FEFL §F
YBE AM-3lY 2AHSAT £ 5y 22 24 FEE 223 AMe 3
g olgstd zAsdd. AZE pilot-scaled] £BA FF 4 A systemo
Z2z9 19 Fig 187 Zth
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‘ Eiectml ic A
I—*‘;i%%ﬁd cellytl Flow meter Magnetic

rat pump Aguanium
generator

(B)

| Flow Meter

Aquarium

Controller Electrolytic Cell Magnetic Pump

Fig. 17. Schematic diagram (A) and picture (B) of sterile seawater circulating system

based on low-amperage PC (lab-scale).
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Low Current
Electric Pulse
Generator

S I e

~Qutput: 12V, 3'A

Aquarium
(1500 x 750 x 600 mm)

Sand Filter 6 ¢

Sponge Filter 6 cm

Pump Cooler

(B)

Fig. 18. Schematic diagram (A) and picture (B) of sterile seawater circulating system
based on low-amperage PC (pilot-scale)
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(4)

pH with time in different types of electric currents (15°C)

» ~— DCOIZA

—o— PCODT Af14.4 Kz C 1000 oF
e DCUHY A
1 —& PCOOT AfSHz C 1000 F
~4—~ PCODI AFUA W2 C22 F
~o— OOTASSH2C220F

70

55 T L4 T T k) T RJ T L ¥ ¥
0 2 4 6 8 10 12 U 1B B A R A4
Time (Hr.)
(B)
pH with time in different types of electric currents (25°C)
70 :
~a- DCOR,
—— PCOMAS 144 Wz CHO F
65 ' it DETA
-8~ PCOOATSH2C 1000 F
—0~ FCOMAS MAWRZCI2F
- FCOBATSHZC 224F
685 4
I
o
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¥
4
1
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0 2 4 6 B8 0 2 W B 1B D 2 A

Time (Hr.)

Fig. 19. Effect of different types of electric current on pH of circulating model seawater
(A) 15T, (B) 25T
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Time (Hr.)

(B)

Concentration of hydrogen lon in different types of electric current (25°C)
{.5e-b

¢ LTH07A

—— Gimuiated fine of HC GO2 A
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—— SBimulated line ofPC .01 A fSHZ C22uF
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5087
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Fig. 20. Effect of different types of electric current on hydrogen ion concentration

circulating model seawater: (A) 15C, (B) 25TC.
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Evaporation of Chlorine

A Chiorine concentration (159C)

~— Simulated ling of chiotirie concentration (159C)
®  Chiorine Congentration (25°C)

—— Simulated line of chioring concentration (26°C)
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Fig. 21. Changes in active chlorine concentration of model seawater circulating

without electric treatment.
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Concentration of AC in different types of electric currents (25°C)
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Fig. 22. Generation of active chorine in model seawater circulating under different electric

treatments

and lines represent experimental data and simulated

(symbols

respectively): (A) 15C, B) 25T

- 116 -

results,



Table 28. Values of k; obtained from the regression analysis of the experimental data on

active chlorine generation at 15C using equation (10)

Type Current (A) Frequency (Hz)  Condenser (uF) ki R
DC 0.02 0.3961 0.987
PC 0.01 144 x 10° 1000 0.1712 0.968
DC 0.01 0.1060 0.971
PC 0.01 5 1000 0.0543 0.929
PC 0.01 14.4 x 10’ 22 0.0199 0.963

PC 0.01 5 22 0.0057 0.903
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Table 29. Valucs of k, obtained from the regression analysis of the cxperimental data on

active chlorine generation at 25°C using cquation (10)

Type Current (A) Frequency (Hz)  Condenser (uF) ki R’
DC 0.02 0.2333 0.994
PC 0.01 14.4 x 10° 1000 0.0795 0.870
DC 0.0l 0.0695 0.870
PC 0.01 5 1000 0.0333 0.957
PC 0.01 144 x 10° 2.2 0.0185 0.907
PC 0.01 5 2.2 0.0014 0.634
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(A)

Effect of PC on Edwardsiella tarda at 15°C
7
6
5 o
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(B)
Effect of PC on Edwardsiella tarda at 25°C
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21

12 24

Time (h)

15 18

Fig. 23. Effect of different types of electric current on the inhibition of Edwardsiella

tarda in the seawater circulating system: (A) 15T, (B) 25T
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(A)

Effect of PC on Streptococcus iniae at 15°C
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Effect of PC on Streptococcus iniae at 25°C
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Fig. 24. Effect of different types of electric current on the inhibition of Streptococcus

iniae in the seawater circulating system: (A) 15C, (B) 25T
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ool 4 fAF A8 A4 AL A= 29 A

A& AdFEE AZX A=H

Aot FLE TR FALGH AsSF FA (F)olFoldA, UH, §2)E Flake
@e ice AZ7) (SLF225, NTF Co, Italy)s} QZFAAH 9&Ho2 Ay 8¢ A
Z3e FHL MERAG (Fig 25). Adls AN AAP=HE A5 active
chlorine ¥ %, pH, ORPE Z+Z} 47 mg CI2/L, 5.1, 283 1,100 mV °|Act. A"
flake-type iced] EB¥ active chlorine®] FE < 36.3 mg CL/LE & A

2) B4 YRHE
480l A48 BAL H4ojge FFE AHOZM 2 YMHEL Table 303
2ol HFHU,

3) v S5 ot
AT F BAKY vAYEEH EAL aerobic ¥ psychrotrophic bacterial
counts& S8 FIIEHTH (Fig. 26). 1@ UEY AR F 3% 25 A3
F 4502 AFH FH KoM v4E FFo] JAFe #FHAY. ol&
2451?*’?*7} Y522 AHREHOE AH3] 4FYe 7tA EX AR F v EY AS
2 A8 Edv A BAFh ole Lol THE active chlorineo] o]§ EW
Ar EEo] ZodM EEH YEld AHS] Ao g AlzgY
'55}'55"% HE3 B8 et Ad oF §%5 A 9833 H S AMgstn 3, &
T olf e F2 HIE opriste F Uo] PAEY FEolge AL 1Y
“H, B FA AFATAA dEsiRe] a8 E 3 AdF & AN A
A3t AL AA olfY AFA 4, A5V 93 2 94 gAY ¥R §
o wi$ f&stelg AR
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Tap Water E

-pH6.8
-0.21 mg CL/L

-ORP =1100 mV
- 47 mg CL/L.
- Flow rate = 2.6 L/min

EW-ice <——on |  lceFlake

(SLF225,NTF Co, It

Fig. 25. Schematic diagram of continuous-type generator for ice of electrolyzed

water (EW-ice).

Table 30. Proximate analysis (g/kg)

Moisture Lipid Protein Ash

736.3 = 30.3 549 + 84 188.1 = 10.2 16.7 = 4.1
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& A5 FA O AAEA AZEE ook

7‘1
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Aerobic bacterial count

Ice

Aerobic bacterial count (log CFU/g)
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Fig. 26. Microbial populations in Pacific saury flesh during refrigerated storage

in either 0.2% NaCl-ice or EW-ice. Values are mean £ SD, n=6
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Fig. 27. Changes in total volatile basic nitrogen (TVB-N), thiobarbituric acid
(TBA) and pH of Pacific saury flesh during refrigerated storage in either 0.2%

NaCl-ice or EW-ice. Values are mean = SD, n=6.
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Fig. 28. Changes in sensory score of Pacific saury flesh during
refrigerated storage in either 0.2% NaCl-ice or EW-ice. Values are

mean = SD, n=6.
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