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sterilizing water manufacturing system)
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SUMMARY

Chlorine disinfectants such as Cl, and HOCI are the most widely used
chemicals for disinfection of drinking water, foods and food contact surfaces.
Chlorine dioxide is a strong oxidizing and disinfecting agent which may have a
practical application for non-thermal disinfection of foods especially fresh fruit
and vegetables, and food contact surfaces such as food processing facilities in
food industry. It is used as disinfectant either in a gaseous or aqueous form
(ACD; aqueous chlorine dioxide). Chlorine dioxide was introduced as a potential
effluent disinfectant and has provided good results and much less formation of
harmful organic byproducts such as trihalomethanes (THMs) to substitute for
chlorine. Because of these characteristics, chlorine dioxide has been investigated
as one of the promising substitute disinfectants for chlorine.

The objective of this work is as follows. The first one is to evaluate
disinfection efficacy of ACD, which is generated using NaClO»-Cl, type generator on
some fruits and vegetables including radish root. The second one is to analyze
disinfection byproducts such as chlorite, chlorate, THMs and ahloacetic acids (HAAs)
formed during immersion cleaning of fresh fruits and vegetables with ACD. The third
one is to evaluate disinfection efficacy of electrolyzed water (hypochlorous acid
water and hypochlorite water). The last one is to develop practical technology as
microbial controls applicable to salted food industry on the bassis of these

results.

1. Development of sterilizing water manufacturing system

Optimum concentration of NaClO; solution and amount of gaseous Cl, was
investigated for production of aqueous ClO, with high yield and purity using
gaseous chlorine-chlorite ClO. generator which can produce lower concentrations
of chlorine dioxide applicable for direct-use in food processing as
cleaner/sanitizer. Concentration of NaClO; solution and amount of gaseous Cl
was varied from 0.01~0.1% and 100~1,000 g/hr respectively. Produced

concentrations of chlorite, chlorate, FAC(free available chlorine) and chlorine



dioxide were increased by increasing of supplied concentration of NaClO;
solution and amount of gaseous Cl. Optimum concentration of NaClO, solution
and amount of gaseous Cl; was 0.1% and 900 g/hr respectively. (At this
concentration, produced) ClO, and FAC produced at these concentrations were
882.0 ppm and 8.0 ppm, and chlorite and chlorate were not detected. The yield
and purity of CIO, were 97.0% and 96.0% respectively.

Changes in concentration of ClO, and Cl, of ACD at 5C and 10C were not
significantly decreased up to 140 min. However concentration of ClO, at 25C
was decreased from 30.6 ppm to 7.6 ppm after 30 min.

Concentration of hypochlorous acid of neutral electrolyzed water produced by
circulation electrolyzation of NaCl was increased with NaCl concentration and
electrolyzation time. Concentration of hypochlorous acid of electrolyzed water
produced by 0.01% NaCl electrolyte reached to 114 ppm after 30 min of
electrolyzation, and those reached to 49.6 ppm in 0.02% NaCl electrolyte. pH of
produced electrolzyed water was increased by NaCl concentration and

electrolyzation time to pH 7~09.

2. Disinfection efficacy and chemical safety as biocide

To evaluate disinfection efficacy of ACD, which is generated using NaClO,-Cl,
type generator, 42 kinds of food microorganism were tested by quantitative
suspension test. Although total bacterial counts decreased largely (6 log level) at 5
ppm of ACD, there were only a few changes in sensitivity with different species.

Disinfection efficacy of neutral electrolyzed water showed 99.999% reduction against
E. coli only in above 35.5 ppm of HOCI concentration. pH and oxidation-reduction
potentials (ORP) of these electrolyzed water were pH 8.0 and 705 mV, respectively.
Also 99.999% reduction against S. aureus was showed only in 85.1 ppm of HOCI
concentration. pH and oxidation-reduction potentials (ORP) of tthe electrolyzed water
were pH 8.60 and 750 mV, respectively.

Despite of numerous advantages, chlorine dioxide have potential sources of
risk for human health due to the inorganic byproducts such as chlorite and
chlorate. Most of all studies on disinfection with chlorine dioxide were carried

out mainly in the field of chlorination of drinking water, and because dosage
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and contact time required in operating conditions of food processing are
different from those of drinking water treatments, it is important to investigate
disinfection efficacy and disinfection byproducts formation in practical application
of food processing.

In this research we have investigated changes of some chlorine species including
chlorite and chlorate in ACD during immersion disinfection of some leafy vegetables
such as leafy lettuce, chicon, sesame leaf and kale. Changes in chlorite and chlorate
concentration with whole and cut kale and lettuce during immersion cleaning with
ACD at different concentration (10, 30, 50 and 100 ppm) were investigated. In case of
whole lettuce, 0.2~2 ppm for chlorite and 2~5 ppm for chlorate increased with
immersion time. When it comes to cut leafy lettuce, 0.3 ~6.3 ppm for chlorite and 0.6~
9.1 ppm for chlorate increased. However, although there were few changes in chlorite
for whole kale, chlorate concentration increased about 0.4 ~1.5 ppm. In case of cut kale,
0.9~5.1 ppm for chlorite and 0.1 ~2.9 ppm for chlorate increased. However, although
there were few changes in chlorite for whole kale, chlorate concentration increased
about 0.4~1.5 ppm. In case of cut kale, 0.9~5.1 ppm for chlorite and 0.1 ~2.9 ppm for
chlorate increased. Chlorite and chlorate content in ACD used as disinfectant
increased with increasing dose of chlorine dioxide and immersion time, and cutting
leafy vegetables. Contents of ClO,, free Cl, NHxCl, NHCl, and Oxi-Cl of ACD
were decreased significantly in all treatments by immersion time. Although
concentration of ClO,, free Cl, Oxi-Cl decreased, there were few changes in NHxCl,
NHCL; and chloride. THMs such as chloroform, dichlorobromomethane and
dibrochloromethane were detected, which was thought to be derived from tap water
used to generate ACD. The formation of THMs was thought to be due to the natural
organic matters derived from fruits/vegetables, soil and contaminated matters.
HAAs concentration in ACD used as disinfectant increased partly with increasing

dose of chlorine dioxide and immersion time of leafy lettuce and kale partly.

3. Development of pre-treatment application technology using aqueous chlorine

dioxide

Changes of some chlorine species including in ACD added with acetic acid, malic

acid or citric acid were investigated. ClO, concentration of ACD was decreased most
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rapidly in the case of addtion of citraic acid. Contents of Cl,, and total Cl were
influenced by addition of organic acid.  Acidified ACD with 0.5% and 1.0% of
acetic acid, citric acid or malic acid showed higher disinfection efficacy (more
than 2 log cycle) than ACD by itself in immersion disinfection of kale. ClO;
concentration of ACD decreased in proportion to added salt concentration.
Especially ClO, concentration was decreased to 60% and 70% of initial
concentration respectively by 20% and 30% of salt addition.

When it comes to immersion cleaning with ACD, it also decreased at 3 ~4 log level.
In case of fruit, there was similar disinfection efficacy (3~5 log level).

Aqueous chlorine dioxide is a strong oxidizing and disinfecting agent which
may have a practical application for non-thermal disinfection of foods especially
fresh fruit and vegetables, and food contact surfaces such as food processing
facilities. Despite of numerous advantages, ACD represents a potential sources of
risk for human health due to the introduction of byproducts such as chlorite
(ClO7) and chlorate (CIO3).

In this research we have investigated changes of some chlorine species including
chlorite and chlorate in 10~30 ppm of ACD during immersion disinfection of some
leafy vegetables such as leafy lettuce, chicon, sesame leaf and kale. Contents of ClO,,
free Cl, NHxCl, NHCl;, and Oxi-Cl of ACD were decreased significantly in all
treatments by immersion time. After 30 min of immersion, increased amounts of
chlorite were 0.0~0.24 ppm in 10 ppm of ACD, and 0.22~0.65 ppm in 30 ppm of
ACD. Also those of chlorate were 0.27 ~0.39 ppm in 10 ppm of ACD, and 0.38 ~1.24
ppm in 30 ppm of ACD. In case of cut leafy vegetables, 0.39~0.57 ppm and 0.38 ~
2.38 ppm for chlorite in 10 ppm and 30 ppm of ACD increased respectively. Also 0.5
0~1.06 ppm and 051~595 ppm for chlorate in 10 ppm and 30 ppm of ACD
increased. Chlorite and chlorate content in ACD used as disinfectant increased with

increasing dose of chlorine dioxide and immersion time, and cutting leafy vegetables.

4. Development of application technology for hygienic pre-treatment of salted

foods

Microbial counts of raw radish root was decreased by immersion disinfection
with ACD and electrolyzed water as follows. In the case of using ACD, 1.7x10°
CFU/g of initial microbial counts was decreased to 9.7x10° CFU/g by 10 ppm

_12_



of ACD for 30 min of disinfection, decreased to 2.7x10° CFU/g by 20 ppm of
ACD for 30 min of disinfection, decreased to 1.6x10* CFU/g by 30 ppm of ACD
for 30 min of disinfection. In the case of using strong electrolyzed water
(SAEW), 1.7x10° CFU/g of initial microbial counts was decreased to 1.6x10’
CFU/g for 30 min of disinfection. In the case of using low alkaline electrolyzed
water (LAEW1), 1.7x10° CFU/g of initial microbial counts was decreased to
1.0x10° CFU/g for 30 min of disinfection. And in the case of using low acidic
electrolyzed water (LAEW2), 1.7x10° CFU/g of initial microbial counts was
decreased to 1.2x10° CFU/g for 30 min of disinfection. Considering of available
chlorine, disinfection efficacy against raw radish roots was as follows;
ACD>LAEW2>SAEW-LAEW1.

pH change of salted radish was almost stable maintaining between 5.7 and 6.0
after 15 days of salting. Although acidity was relatively lower than that of
control group (Treatment TW), there was rapid decrease in acidity in all treated
groups after 60 days of salting. Salinity of salted radish was stable between 13%
level after increase on 15th day of salting, while salinity of wet process salted
radish showed repetitive increase and decrease reaching 17% on the 90th day of
salting. Hardness was rapidly decreased on the 30th day of salting showing
205.1~2922 g/cm® 50% of the initial value. Reducing sugar was decreased as
time passes for dry process salted radish and it was twice higher for dry
process salted radish compared to wet processed one after 30 days of salting.
Color of dry processed salted radish showed increase of a and b values in all
treatment according to salting time. Total viable counts of dry processed
treatment showed 2 log cycle reduction and those of wet processed treatment
showed 3 log reduction compared to control treatment (TW). Also coliform count
was not detected in all treatment during salting period.

Although there was any significant difference between salted radish root
desalted with tap water (TW) and salted radish roots desalted with SAEW,
LAEW, ACD or mixed oxidant according to pH, acidity, salinity, and sugar
content during desalting, the final microbial counts of SAEW, LAEW, ACD or
mixed oxidant was lower than that of TW. Especially desalting using 30 ppm of
ACD was more effective than those of SAEW and LAEW in the view of

microbial reduction. Also desalting velocity was more rapid in the case of

_13_



desalting using 30 ppm of ACD or mixed oxidant (30 ppm of LAEW1 + 30
ppm of ACD) than other treatments. There was not any differences in hardness
between salted radish root desalted with tap water (treatment TW) and salted
radish roots desalted with SAEW, LAEW, ACD or mixed oxidant. Yellow color
value b and acdidity of radish root desalted with ACD was lower than those of
others. There was 2 log scale 1 log scale reduction in total microbial count and
yeast & mould count of radish root desalted with 30 ppm of ACD.

When salted radish was vacuum packed, and stored at 10C, initial microbial
count of danmooji treated with ACD or electrolyzed water showed 1~2 log cycle
reduction comparing with TW treatment. After 60 days of storage, microbial
counts of damooji packed with seasoning solution using ACD were 10° CFU/g
for total microbial count, 10' CFU/g for yeast & mould count, and coliform
count respectively. pH, acidity, salinity and hardness was not different
comparing with TW. Sensory characteristics such as color and crispness were
preferable on container-packaged and vacuum packaged tong-danmooji packed
with seasoning solution made from LAEW (low alkaline electrolyzed water) to
the others. However ther were any significant differences in acidity, salty, yeast
and moldy, et al. between LAEW and others. Considering with microbial and
physicochemical quality of danmooji, packing with LAEW and ACD is more

effective than those of others.
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Solubility limit, aqueous, 0~5 C, 70~100 mm Hg

Solubility limit, aqueous, 25 C, 34.5mm Hg
Solubility limit, hexane, 22 C

Miscibility limit, liquid-aqueous

Molecular weight

Melting point

Boiling point

Vapor pressure, 0 C

Heat of formation

Heat of vaporization
Heat of solution

Molar absorptivity, E@sonm)

Table 1. Physicochemical properties of chlorine dioxide



T
LT E M E T S
‘O|L;O\m\A )Alﬂ_,lﬂ.ﬁ
ﬂﬂﬁO}EWUEHd!nWHéIFe@ T 9
TendkET NS S
%%Q,iq oo S o= o o - = s
| 5 E © W oo NI O_OLWL T og 0
X g R LN .@%Léié — T 3 SR
of- =0 W iOUﬂﬂ it Gl SR o o ].*o,%
K ~ ;,Imﬂ _ui ‘Ul fo ri H;l < E,.# ol M — ey =
ﬂnh}go}hﬂumuaﬂﬁio —~ = N i ?Ldlioﬂ 0 N A R
_f_/ubaamﬂmﬁﬂﬁﬂ Eﬁim.@%ﬂr m@im,ﬂmoﬂar%ﬂ = 5
B! ) R = ° . = o ) R o] & U = 3K A o -
o»aogo%ﬂl] J) e 1oo_a]u§q] 1r1ﬂn1r ww]»nﬂﬂ kﬂﬂ.‘_
1%&%Qﬂ05$ﬂ oo NN o [ oym,Au% N W o o W=
oW oE T TE W% ook g B E X m_w%w»o%o_aA?u o RE®
M&MOW%WQN&MVL ﬂ%h?iﬂﬂ.mr ﬂﬂmﬂﬂﬁﬂﬁﬂﬁ.% %o#w_
™ o =5 o ° oo R T NI — X ~ o o
; + o A= N N 8RN op Qucumo/oﬂA 1rx1%1»
BorigtrsrE Mﬂmﬂai1
M &n]\ oh < o B L]m .y N io,Aﬂ o3
ol = TR s | ° g Nox oo S o N - aH o
nﬂwolé%%iﬁwwxo drﬂﬂﬂo@%%oaﬁpwuufnomdﬂﬂurﬂrm%%
@LV,WM@%%AM Wﬂ%%ﬁ%aro_a Eﬂﬁmsﬂoﬂwyiﬁaﬂ%_
ﬂﬂr.nmjo_%woofr KR E%aﬁ%ﬁ H&Eﬂs%m%g%o_aofi#@
m‘0|_:f Og,UI.n%v HE‘I__/IJ;U,D,IOEﬂILCq .;IOW]AT ﬂ‘m_ﬂmdln%l WJ%mz,f T = %_f WL
%ﬂali%%ﬂaEWL aﬂ.ﬁmﬁ PR o .m_\ogoc o o N o
WL E:T%F%_x@ﬁii%_a Hoaesﬂnzuiwo%87ﬁfruwﬁ£
R R Tliiimﬁg 27 ; ST EFRAY
= w o TR ee 4 oz EE éobcﬂo:ucii o om T O
2k g0 O — oF X o Plo T S 7n B s o =
o o O o =s . N Ot ‘ﬂl ﬂ_OI EE — Lf —_ 1:1_ ﬂArO ,ﬁ o O_E le) B8R 3R ‘_ﬂe AT.c 03
éu‘r«%omﬂ%ﬂ Py fmuﬂﬂosldw%Eﬁm%ﬂmur@eAurmﬂ@
w PR o%me@%fﬂ@mA@m@@ B o) WS prfees plg
ALQ;&%O = UL W , BT B 25T S Rl
1#73 Ebt o0 B oF parin T&A T = R oy = oF
Bn go&&%%i%x - < AL éxﬂm.ﬂmﬂn,ﬂmﬂmu}ﬂx
T LT aimli o %%ar.%mu > T 3 o = 12@%@Amﬂ
b_oam %,ﬁ%mﬂwlwﬁﬁ zpﬂﬁg%%g @%M.mmamﬁyxﬁﬁﬂm@
f o T QU [ [TV jar
%LlM NJPLoTO;an :L‘mﬂﬂﬁ;/m_ < o Emup,w%.m mllﬂux _,?_
goj! X N ‘Axﬁ T < S Gl o= ~ ;,Imﬂ H;l X o <) Y = S) o = H.I ‘Qv E.H
o J%Liﬂ%nui%do T A w do T I WOWOWU&AOH 2
Lﬂﬂﬂi%. G i@%%éhg%ltsw,am/gﬁ% ﬂ%é
tho%iandrﬂroh% m g YE & % ol dw%wwjawmolﬁ% = T
T = e T TEamE ﬂﬁ@ﬂ%@%ﬂ% Soad i L x
o = 1H i =0 ! = X T zru&oﬂl
O = )| do Wio Lc.#,_ =y <) o B° o =0 Al Hﬂrl @ o .wv‘_ o~ ox < o nlo N ,MM R dlo w
O H,_Eﬂﬂwxllﬁ mﬂdl.wmglmmi,olommﬁﬁlﬁ_dﬂ
: Béﬂ,mummmuﬂnﬂﬁﬂ/mﬂo
O Pml_dﬂﬂaﬁ T oy B
S Lo W oe
0
O

- 25 -



J

W ohe 347, CODARES 2

ks o = 2] 8)

[6)

-

=
=

T 5

A

A7}e]

=

pu—

of

go) Aol Nda 5

LSS

jJ8

SIEHECE

7}s

=]
-

o
AF7F olu] 199213 X oA A AFHAE

o 4] o]

o

ot 5

=i
=

EEEIRE

A

1]

I<]

1 #ho

°of 2

[e)
A5

=

Blo] fon FudgME 4
FARAE AA F AFART}
a4 ALgH

A 2] 2ol A

w43 ob& ndA gel ¢

2 0]
L S

%L

s
al =

3

o

fvzel

o

i glo] Fhsl Az v

S

7}

=

1)

287}

o)
o

)

ok

-

L

;OE
P

==
"o

i

=71 o2 ZA

1o

TH
o

mK

o

)
=~

oJ ) Abx]o| A 1
AT S7F,
A9 A3

=]
=

HZ 7H f%

_26_

2 A2 gEE 7tEEAY 4l

O el



ERAFe Bage v AHAT So Aude] HEHUIFES el
2 Ee s 99
ARAEA G 58 FFol v AHAF @ 4% WS, F4)
7 Ol7)o] FESI gorl, B3 wd F2, =F, A 5 AFE A9
5ol Ee NEoR F

= W ofx3s] So5A &L o, dAgrt

E7Fss A AFEd digh S $13F9] halogen 3}3tE, oxidizer, alcohol &
< ol &AW WA F A AL FAE ARESEAL QTh AHEskE 1Y A
HAPHOREE o0& A, d7]Eal&d A, peroxyacetate A2, AT
]

o
Ae], Hikskarag A2, ethanol vapor A2 ol vt ®3F Nisin 52 #<

O H AF A FRE ek A28 284 WHSE 2319 (high hydrostatic

O AA7A olsh e W

pressure), 1179} H2~ A7) %(high voltage pulsed electric fields, PEF), X1& A}
7]%(oscillating magnetic fields, OMF), WAFd  ZAPH(radiation), F H2~
& ZH(ultrasonic), 2F(05) ol &/lEa glom,
e Al Yol Tt LA (polycationic

3 J A (lytic enzyme)s = ©]-&st7 Y, o]

W
gt 22384 A g st ttdAE A2t hurdle technology 7l ST

(high-intensity pulsed light),

ES
goha wyome oabsleka

Zyzko] W) At W2 o) A Ed w1 §8 JheAel vgEy i &
A IAFES A o5 EW 23%, Fs A7), antimicrobial, ¥ 2,

-

hurdle technology— 5
7178E A, A AR RARY 2 SA| A e o] 8] ThEstH, FE s,
A
o

o 31 S 5 & © E =
e I 59 22 299 S =49 5 A= AA

FAl 8L SnA] Aol Ago] Zhedh vhd, ek Hs A}

AR AR, QE A7)

ol AUAIRE o]HF W

i)
rlo
P
N
(s
=
i
)
=
N
N
bzh
o,
i
rlr
S
2
N
N
%0,

P

>

=N

N

o [
rlo

N

=
7F vEet, @Al A A A

_27_



i stel] o]
O ol A7 9=

—
N
Him
<
=K

H
T

o]/

el

o]/

i

BRI

Z

M A A

JEhlE A2e

el
=

] 43kA 71

5

£ An|}e]

3}
=

tE ], Yot 2 7%

B

N

5 soig] w7, Soblol

E 2
—

= AAAARD

Nz
N

A}
B

i

)

W
el

ele, Al

Al
=

FEAZE s A
of we} A7} (minimal processing)

f

7hek

=
[}

7H el

il

—_
"o

22

_28_



o] I RV} E=

=
=

L
T

ZRERE

3

oM

H

(catering)

Az, A, AF Fel Hay

]

A
>

AE

—

0

el

7

4
0

—_

<
o)
B

o

e

o

I

03

el

O

Ho

Ho
—

(ready-to-eat) e} 2] Ao} A4

1

o)
P

T

b HartE Aol

S

Z]
“

o

A 2 He

°©

1
FAE

(ready-to-use)

o

-

7}

A 2]

d

%

ool o5

3}

n)zhe] A7hA A

<

A

3

S
Tl

&

°o]-&

b Rk )

o

=

°©

A2

# 43}
o]:;q]

=
=

=

},

S EEICR L

°©

=i
=

H7F Al FEA

7k AR, AR 2AL UV AL

2171 9] 5l A
< 71 A7rE w9t sley A

o
o =
T

L

-
s

o] AT},
O n=
)
oy

PN
T

dr

Al sl

A

O wekA

= et B P R R B

=
=

f‘ﬂv—

o

3

PR

A2l v A 2] 7ol

[mt
2

LSS

el

R

¢+
i

1o

o
el

puze)

_29_



4. QaHE AL B 9 Y&
O 7 v} o
wo| aw | TIES T agopee ye SERE
— AL
O  o]2stA A|- ol atEtd A2] H A |- Chlorine dioxide,
T AAA A AAERA Y Chlorite, Chlorate %
9 | ol Pasel B fUaR 94w 24
.55 54 A £E D FE B
Afd 2 FAEs n
- Biocide® A 9] A= AEHE Ad FaA
o §54 A7} 37}
714 FH7 & A
- AAdsE e wE | Say AR
R
o fa4 @7
O A9x F4- 4 d7138ls Al- 4 54 : pH, ORP
A7 Bl A Axde FAHz F
R 7 Qo A
A A 228" B AR A SR ESIAIZE, A
_ iy A4z L B S| 4
1A 006 - AYE ATEEE
= s -
= R PN e
7 N
- AL A A7l Hed 2 F44Es) v
T AAday 9 A AEE AdE {84
e wad Bk | W
O A -Ad4|- Agz1E A HA], &5, gd A7
Ao 2| A AAEAe B} | 5
7% MR |- AAY 2o wE- A Ag$ Fd EA
JARe 27 FA| B . AE, z47,
54 B4 RS 54§
PAEE - dAdF A
- AAY xdel wE| kg ZAF A
JAFe AdE F W
4 54 ws 24

_30_




4. (A

b

r2
-
=
2
Lo

TR Ax ey AN & AT ¢
Tl @ G- 9= A4S 9% 4 aEare =40
A2 A A dAP =W 44 w2 a7 : pH, ORP,
g871= M AF HCIO s+ &
2]y o|AtEt A A FE
9 A A Zre] e
A7 &2}
71E AHE 2 Aw 4
A A Sbe] vl
HE
A7MEd wE Az
- Ade Ay, AxR| 9 BE4H 9 ay A
Z71 AARAY H7HE sxd AR
o] BA 9 M 7y
HE
Aduid HE 4
A g HAF F
23 gaE A ] A
| 2007 R A =L = = O k)
= =
THFEA- 985 AAGS 3 4. dArjRdge] v 4
o Zgr|el A AP 24 AA| EAo wE gy ¥
7N A8 4 : pH, ORP, HCIO
- F2RAF Axrzxd Al =
AA1E ol AtstA AT FE
L L
Chlorine dioxide,
Chlorite, Chlorate %

] = =]
FEURT ALY A

AAel 27 R

_31_



4. (A%)

X T BKAR o TN TR N = o B
ww R Ay B s P
N RN AETE o SR S G s X o
o El 1Xro .. X/ )A,._ M e TK R .;ol_u ;_rﬁ X ;Mrvﬁ Wﬁ.ﬂ = ‘Wﬁ T
# L wols b TR BEETET = g e b
N T T o H ATJN_ T o
um e Mtz Rgo 0T g ° %o mﬂ B g
o ) ~ 0 =)
Tl Tyt m M PTgm=RuR omlan o
M R TN PR RE TR R ST
Hi WEXADTMd THBWET mNus NE T WTF W
ﬁﬁ@ WM %%ﬂ N ﬁﬁ
T T ) =, T M
% | Edn Wma T " %o =
TIRTE px T B T (T %
o M x T RY Hh w w2 A Mo
2y [Me | Hm N N B = R q
(== OT ‘_Iw_uu‘._ mE ﬂ m ‘Mﬂ Z#O ﬂ .m_x J@.D X
s o = ™ o A o R T ok
oI S e " KO R PR o T W%
ST | o T gy MR T T Mo T e
e Sr 5ZF
‘Aluﬂ = H_Al ﬂ 0 K 0
™y P & o W
_,_7| Hr|oR Ak oo __Mo o el ~ g A
B R B0 IS B R M
O O O
M ®
B S
H 7 M
= o T

_32_



Al 2% =IUe e 4%

A 1A ATALRG 71Ee) 29 AF

b olitstE 4
O o]itstel doll thefx = A zolA FAgtors TAHCRE oln vekst A+t
o]Fojx grow 1990t o] Foll= A FA el &8 = A= Vsl g 4
T7F A EA o' o] Folx Qi vk REHOE H=e] A
e AP FIEZQ THMs 2 HAAs 55 AR 7] wito] st

AR @St 9lal, FDAx Fdoluh ofaf, AF87] Tl AlHd AL

lo
)
o
™
=
>
rlr
o
ofo
>y
lo

o

F
%9,
rlr
P
o
fr
41
o,
ol
=
%9,
o
R
e
>
wn
=
¢}
aQ
Z
o
—_
o
S
=
e
S
=
=
=
ay
@)
rlr
o,
v 2
-

o S AFHFET MY MR 7Ed Al R RSk 8

O ol st dst AAMIEFNCIO)ZHE A4S Fu QAT 7we] aitn
WAGAE AT HIEAD oJPGIMPEFNaCIO)S AFEFHY] Aol s
%, AbAFOLAAr-ol g 2k, Aol ANy FoR AYsE Asdo] )

EE R EE P SR

i
"
2
o
=
W%
>
)
e
t
rr
W

olv] LYHFH oldEALE FAE okl ol &

il T ESE A HH O o] FojH GRASE Q14 H 9l
ok olm] ZhaEel disiM = el dnk el wiaste] Ha 7Hf) o3

23 e Few Byl 9la, H& ASAS 7kl AR deEA v
White 5o W= 27 ppm?] o|isAAE g 302 HFIS o 989%
ar ppme] °]AtstAALE HEAZS vl 107 CFUS A&

2 A5 59 A= Tt

o] ZAol whgk H&AT, Abet 22 ATl dig MG mAdE]
, AT Aol QlojA ] At a ¥, Bacillus subtilis®] sporeol| o gk
712kl tigk AF, hapatitis A virus® EZASte] Wk AT, Abako
Alicyclobacillus acidoterrestris®] A& 13 A7 & vrFd A47F AP 9l

om &8 AAF 9T =HE F53] o|FolA L U= AA ot

iy s ol
At
fol
k)

=y

_33_



-

T

t 7ha el
Aol A 2]

b, 71959 7MEEEME 50~1,200 ppm, S71E8 ZAl
]_

-
1o

-

°©

4, 9=

2

40~50 ppmOo.=

5 ppm, 919 & H7A @2 &

o] =roll A H

1

o

-

]

S
=]
-

[e3]
=
A &
) ESA

57l
'
_]

="

Z
=

= 3
8

ol

=<
&

314
=
ol U¥ G

S

A

1

-

R

e
ok

f

3

&

<
9

ah4:2)

0~200 ppm, A&+ 3 B9
_1_?4

500~200 ppm,

(th A A%

O 7]

HoH o o of R ® g RAKSTWPET B RHREIH
HoF BREEM U g BB PR D W
B R = T e ﬁaméziioaﬁiioﬂo
Mol Zu w = o & = T B2
X _ﬂ_ul/o ﬂﬂ ,mﬂc.:ll 0 — X
T G =T S S i
—~ M T H T g * M NN s T
< w > = 2 s ol o Ao
o BXB T R LT g H o T3
rif IralEsgeferfsenti
o S o I o TN °
s 3 -k Ho JEEﬂHMﬂ_.
g oH T TarlesT Rl X 4
R T Mo Pﬂo_a@ﬁaﬂﬁuaigoﬁi%iwﬂﬂ
X T
o= T g N TO oy ooy M oy < Yl g
wplznme Onumoﬁmﬂﬁ_ﬂo?umrmoﬁ_ﬁlﬂwwm%uwwm
N g Z o o oz B oz W o X2
L e L BN R Sy A 2
oo D I = T N I
G T 2 o % 5o MET g Ty e
m_xgdﬂﬂ H@Wnﬂzt%ﬂﬂq_oo_a% o#.ﬂ
zTéqu g WATmﬂkﬁd;Ho,ﬂAnuﬂmﬂmMM
N 7 B R ST e A ) o He Ry
= N x == Ay ~o N e —_—
TR 8 A p T YT M Ve D n Gy B
= —_ —
T H o =™ o BE = r ™R UGN SR |
C N = o g g - F X T ok D
— X éezu_/u i;ﬂdl:idﬂ:iAﬂuu _,__lﬂﬁo
T Y wAapdrx LT is 0T
do T o I ,Ao_%ﬂu1_xﬂ1ﬂ$aﬂuw B o=
W R o= B T oo N T A e e T o b g T
oo 2 A P T e e Y F
ey R XA T e Emw W R oy -
T W B e T2 T NT T RE D Y
ST TR SRR T g B E e
el Ho = N o~ o BIARE 03
ﬁMﬂr@&oﬁﬂﬂﬁburm%ﬂﬂﬁﬁawﬁmmﬂﬂu%
Hoamﬁ ®om Y nwuuoﬂﬂn_. G .ﬁwm@ ! W
s ¥ TS T oW o w ow
PR E e BT ST TALNTITEREET W

T

9
pal

9] 3] (Strong Electrolyzed Wter Association : SEWA)ol <]

52
H

714

P
T

f

3

4

o}
A A

O



;Mlol R o
x B e h =
\H_O! R m} o ﬂAlO
%lﬂ.% - oo
@_ M [\ W w cw.\.w ~ N
< o 7 ™ X0 o A nm % oy '
5 o aarzau% snogoi oy
= on MY @ X N < = o] + xR L
= s G~ JH ol Z,.# T B XA OT
o M < o i s T o B on oF Ul
5o K W g x X =iy 5 W - ﬂ
,_Qu O_ ~o = % < N = T — ﬂ..ﬂ/ A _.I ov.ﬁ X N .ﬁ
qnﬁﬂxﬂmnu* ST % ol é%ﬁwnl %ﬂaﬂ.
m%ﬂﬁ%aﬂ;ﬂ BT ﬂgragu 0y B m o
g N LG g X 3 5 4 o ﬁDaﬂ}o
- e N ﬁL —_ o [ o X JH ~ E.D 0 < 1r O —_ [N
Sy 0 E M T il %4&@5% ecv_ﬂu
o =7 & L i 2 ew w CoeF o
Jl L Ef Of ﬁl %O = = ‘ul O < o o OAO ~ m_x -
,Aluﬂ ﬁo ~X ‘Ur ﬂAro = ﬂVl 1” H =0 ‘OI ﬂ_1ﬂ ﬂ_AI _zrv oo H_T_ g\ —— ,,w %.MM umo OE
%lﬁuurﬂ Y mmomﬂo i%ﬂ%mwx maaﬁx_gﬁ
I ey §=7Z mmfﬂé immi
oﬁo OW ol ,WM T ] o) Ne) \_lww._ oF N ‘VL = T Jan 7A,._ e \_L. Eﬁ OT
o i T T | <n 3 —_— - wp wrN oM w alil 3 KO X =
lffqmﬁﬂ R B Ex Lfmﬂ:
) w N T g - % = T oK T o %o BOTH o
B ] ™ — < %! o it e <O I I ko)
1? {F 7o o} Mo ~ o =0 M o e o — - @.u = o ai L S & U IO
T oL X G T e X r 27 Y X L 2 T
e T oo B T D RN A I
=~ o o oxo B I W_v ~o s <0 o = b w T w0 & N
&Umnmﬂxiog SR oy momﬂ%_ﬂﬁult B 5w N
za_gﬂa%@q@ AT P k. w -5 2
@rmgxnoau,ﬁﬂ o_ammo) N %MO_LMXL %%MO%
11/ el T Vel L ~
™ o X5 < X %o an._ rol = EOay < R s ) QX T ey
IS = =) TJ = ~ -~ ™~ J — =3 :.L - =
HL il ol " %o =0 < S )A,._ 0 ) - BR o X ,ﬁ ﬂl H io O_ 0 0 HA
i N wF 2 R = o T = . o ® N <V
~ N B e~a Ay i QD B o T o) i Plo =K Y BS 3
ﬂrs_%x%}ﬂ = wxo%% o = %ﬂo#ﬂ
R AR E x a_¢091o:a:ﬁ} B oo X
H = i Wﬁ il hoe = — PO < Mo —~ o g X
7w e R S s X wEE S oy Ho i N o o X 8
o T = OENS Ao — X ol o)) W 21 ol = _ _— s
™ o m < = X9 ) oF W = o "
Mo @ ﬂqﬂzﬁ * % OM&L&@ o o S
Sl B B = N d % W S M
O wrlorlibA#%eruﬂ),mi #mnmr%wg
RoORY ,OW‘._ w o s s ) mnAm = o s .A..* ,_L‘vlmnﬂ s M*AI w 'R
Fres M:&i@m Mfammawu
—_— [ ) 0
O w%_ag% ) )
O T o FH I E® T M
B! M o= o ™ ik}
) T = ) N
—_— —_— E
2.} 1Ur\ O oo ,LM o
=

- 35 -

7} 29}
o} 8
0= ol 8.5
]o?d’ HO]_)’\JJ NaO
4 Cl:]'l/]_

HC
1 9Ego 9

) =
T8 A ¥
q) ZHk2]



okel

ST
™

on A

o A4

d

A

7]

=

=

| g] Fof

2~

o] 9lom 7]7]AArY

T

Hol—}_\_l

&

713

4

S
Tl

3&.

o] &3
0l o] A e ot
AolA = pilot plant 4-§HAZ 7

el
=

<~ T o
—_~ o o W = Q4
S A e
5N D BT g = NN 2w m L 3
L - 5 N R wrE T T
oo T BT g TE = 2 cU o <
R e © 9 7 L o1 o {] —_
C o ° T o o N~ < x
%ﬁmtf_d%% S o2 T 9
FA4LEwT g EET c¥zTs F I
B ~ s B i ~ o = ° 03 =
I oo R o o T
- % X S o o Mo TR 2 T e
N o o % N mw S o M < o T el = o
—_ _ 1 - )
= 6A1aymf?ff9LL@%q N
k) ‘.:1_ B L 1:1_ orR M o UM ﬂ ﬂ ;01_ ;OL OT_ ‘gl &_l U;A MO
Tow o= S T A 1SRRG ¥ I %0 o F K o =O il o op < A
J.H oo N ﬁlru > .l Ay Y 2 ~+ =0 o ol o bl X " VO oI ok —_
W< % g m T F oW T N G "
WX 2 F oo T gx® X Gw LT 2R o
n _.E - o = Nr M.M 3= 3 m 1_ﬁl il :.L Q i Mo MW o’ W N go EW
ﬂ%wwefﬂd;mﬁm%igmaﬂu}% LG
N i = 0 o —_ 0 T
S LS PO NS N S L To0 2
TS g B uw%ﬂ7ﬁA%xﬂ 7S 4
= g M ST R oo, o O - w = A
. Zh SUBER S G &o . E_H L w.. o = OE 50 o — ofy < oF %o < =
T N o 4 e & o A F oo N oy KO o MO
= ® o jf = 5 < T i > = = Ho ~— ©f
0 W do = & ® S K T N 1 < g °
o i O B T X g - Mo oA B o _r ™
,_,IA G a E ﬂ < m_ol ! 1_W ™ H OT Y .|O_l N - Et ‘Q =
- = G 7Y N go P T oA o 3 B oo =
e I 2 oW R OB T o (- W o
b T OE T m.v T o = = X X ! Jo R 2= oy T w i o —
% oo _ ® X mimﬂﬂ%%% Ty ® x®B
CURY < 0 X BH 0 | H ES . ! T %
M,az%%i%qwwgawwﬂ;%m )
T o) H o I = o Mg o K 5 ® AR R o B = - T A
%%aM@AMM%mm¢$OX@aW%%m T332
o O 0 - ,_I ” —_ o Tl N3
Lo GG h,urmﬂﬂﬁﬂ oy g e "
5 B K R VIR T b COR S W< oy >R Mo Hp K
o T BT o~ X o X o 3T B ool v %o I g -
do AP rOXE >
e w 8T g pE Bt A A &+
o X o0 Mo OB B o B M %o R T ~ O & ®
do N OT % o ) o o |y om @ = Wﬁ w 3 ™ O D X~ oo
e CR= R - oo o o oW NS Mo = o
K 0 T —_
XT oW odo of o . T X =T

O
O
O

- 36 -



[e;

- 71E Kﬂxc—])xﬂ(

s
oR ‘Olfi
L o e o
B o =
ﬂow_,._ﬁu ,|7_] M 1.!7.mﬂ
< {ﬁomﬂ_aﬁr? <o X L C
,ZMH]I < o 4 urow 3 N m xO M_ o W_ A .
o go w & b w xR P roow®r 4%
o i < owm R i R i [ o B oo
o NS Lo 70 fIERC) = W = I %o oo
o = i i = B _ = & G T
i R W - T g YN 5 X )
F T W X s do W w n i > P
‘AM e JHL o) ﬂDl ,.EO ,a O 1:,._ ,_ﬂo.wa ﬂ Xo ﬂ S Og ,WH
A ovyaﬂﬂ_]xw oL WS loduzh Sy = 7
N )A_rOTﬂ—D| el AHJlOO ,Hl LlJI NO
A.._ ,.mﬂ,l‘l‘ljuﬁ T ~X ‘Mﬂ .a;oL_A E‘UI OL.
4 T EWoﬁuomm_ %%moi ﬁlaﬁ_ﬂ}rﬂ [y Qq w
e 5 ﬁo@%ég POE g %Hoqmnﬂo < o 2
e Q.ﬂmﬂ%ﬂ Ca g i %ﬁ%ﬂwo =
,M|Ior o_amﬂmﬂmﬁﬂﬂcﬁo mﬂ%ixﬂr_NrﬂJXET 2 1010Mwm&ro
W _omg%_ﬂﬂm ﬂﬂm%WmM ﬂﬂ%ﬂ# Mrmfmé\m
_]o ..@%W T A ﬂmu@”ﬂnoﬂr c@ﬂu]ti 4 M_.;oiC
Ko S o i ook T o " e T ¢ 4= E2 4 wEE7 T
T o aa%;wd,nun%ﬂ %wﬂout%]v%ﬂ/ﬂﬁ@ mzh@:ﬂu
oA K JAllis sy O oo = - E = &)
T <o 7%@|%v EEPzﬁﬂﬂ W@%éh mlxﬂ)c
: N T oy K oo 8T T EQ
.mﬂorumﬂifyk 4 4% E - T oo Fo w2
S W XS 7 zn X0 T o i = Q E B Z.
£ 5 I T oo < s 2 o oy Nw e ER
o ﬂu]x — 01_.] ol o ~ O X o
S g ¥ WM&.HV%M I Mﬁ%éo%miw%ﬂ%
NN 1ro OL;ooo ™ dﬂﬂﬂﬂx‘m mﬂut )Aw.hﬂm ~
~ m% ) 2 E ) o wr@ S wm =0 ﬂn_ﬂ _mﬂ. N o X MH {] n Mr W 1%
o R KO o ! ) n —_—
= 0N o o WOOR R 9o i o F X L T o
- N o % R o T 7= FoEoET e
T Eo oy O_ M N R N X M ey 3- T oyt 2y T~ = A_ Nru g
— o = M w X e W T 1Wowr 9 @ o5 o e = " %
T W %ﬂém%ﬂﬂ ﬁwoﬁ_,uooww w%43 ATE%LiEﬂ
o_.ﬂﬂmmefiiloﬂﬁlﬂﬂﬂwr & R T T W
o B R R T ST e
° &ﬂW%dﬂﬂE%ﬂ&@ﬂﬁ@%
O CE ﬂ%ﬂ%}ﬂ.ﬁ#% ~ &
"y < ] ~
__o._u_u1_.]4z1r1r)ﬂoo»
#O)AOO~(T\;O;OL ~
O 3) N
O - 7

e

Lol ) Al Aol

°©

- 37 -

A &~ 7h9) o}

= o

T

o| At} A
) A 24 71(CLODI

E&B

}

9
pl

)3

-



]

=)
*

i<

A A 2 A9

=]

ol
=

in
IeF A2

Al
=

=N

Bix

=

o}4] Pilot AH]
A}

7159

1

s

=g

of gloiA
3lod

=

|

e

|
&

#e
RERES IS CRE

ml
=

) 24 <]

A

AL
=

At o)
S-S

3

=

A

O =oM% FH <ol Bacillus sp. Staphylococcus sp.<t
Aze] Al

th A5

=K

X
N

o
o

el

Th

Z ul
L 2N

1
s

Q

_38_

EAAA7],



B
!

Lo
A

oF ®°
'R

S| %1—

A 2.4 9

ojo

o)

B

o

A 2.4 9

B
M

A9

ol
=

G) S ATAR -

O ANTE

CRINES R

ol
=~

HA

ko)
o

o)

i
Nd
Hi

%!

<7

A4

1

h 24-

7

= uo

]

S 100°Y 9=

o

]

o
1l

a

S
A

<

9

=5,

7

H]-§-

-

R

Zenl Ao A 9] H 7]
A4 ez 7HEH ALY A
&3 52 (catering) 7

Al
&

o

el

ﬂl

4
~

—

<
o}
B

1]

o

il

€}
=

st wpz o) &

+(ready-to-eat) FEf ] FHdoluf i

)

Z]

3

Y
gt

2} ¥

]
“

_39_

2 #Haa7ke A E o

7hetel wet 7]
KTy 3|

A v=

e}

=

7f 3

1%

1A

9
pal

(ready-to-use)

of i



A

33

A
fus

, A e o] §144 9l

[e)

[¢)

ool o

E

R

%, 2R A7A A

3}

=

sk Aow

| ofuiA

ol

oI A

o

=
E4

a

VS
o

1

°
o

A=

=i
=

5%

-

e

241, Kim3} Jangol

&

U
Hin

mK

)

R

™
w-

M
N

]
-

A A

-

o] 7]

FHEA3

[e)

T

[e)

=
o] . zn|

Lu]

H
o

=

T

Gl

=

=1
d od

-

T

2

e}

of AlFEe] AzIAAA 7+
T3E S AN

LN

e olu] AMEEE Zu| o] AR

F71 o

=

°©

=3
Ko

e

B

A7tE = BEA T}

715k 2}

a

g 9

il

Ay BEA

Hip

o

)

=z
QLN

(20043 7]

=

2

Aolth. olol wel AEW MRS AFES Ha

o] =i .

7+A
— 40 —

=
=

R =

TUA A T ETT 362,235



?']i:llﬂ]m%-
E—rﬁg LH-%— o
2 Az}

&

=]
2 H

A 3 A

Al AR

<
EEoM AT
T X do A N
%%%ﬁio_a%%@ N I
g%%oa%ylf m_%wvn H
R xﬁﬁMuLa T = L
iuﬁ&.ﬂ@ﬂ@?% EE%MEEZT o AT %Wﬂﬁﬂ
TR ELMMOﬂVIIWﬁ ‘ﬁIAO R ﬂ&l‘._nw_rﬂc%ﬂée W./llﬁﬂ ﬂ#vO mw.o OW
N il o ° R Ao = 4 A e= = ~
2T o Ho e m s wo N T EK P
I\ = al T N B 4T R
ﬂgﬂﬂaﬁﬂﬂ% %70_@¢ R M7@.x
E%ﬂ%@ﬂﬂ@;ﬁ ﬂlomﬂhwm ML mﬁ%m:
Jloﬂ —_ o
ioingﬁm%w wﬁm% e ﬁ:o ﬁﬂﬂﬂ
T R r O]] ;
MEWEWMﬂ%m =25 5o Ly TEEE
ﬁ%ﬂwwo_a%2]%04%%44.@ wwuwﬁ AT]MMWM
.o_o S ~ oﬁﬂ_i o N ~ 9
w@%ﬂﬁjmzfmo%%@%%% L mfmﬂmo%
_]ﬂ —_ T L
- iy o SNC A Eeuﬂuiw@ﬂ% 5T ! oo T
C B T W W5 oo o] =~ oo 7= s LT o X oo
I o oo o % T < Lo7ﬂdu;o i W oo m
U wm xr M_HL o =) A+ ﬂw < o o = N %0 o5 NG % BR X0 %om !
— ) O mo !
a&@aﬂﬂllowrtﬂeegﬂu%%ﬁﬂ%o w@aﬁ%
miaﬁaﬂaw&¢%EQ%%aﬁg 2Tz
3 = ﬂavoﬂi W._Lﬂ I o i
%drqﬁ%ﬂwwm muﬂlﬂh%ii% ﬂ%Wu
]]ﬂﬂuLl 7_1m| 70Monn§ﬂuzﬁ = s X
) BRN z}ﬂi N O ;OEE,I
ﬂoqwo&rJElqmﬁro ;oﬂ_uwooﬁo o _,T_dﬂE.Eo}7MMo
wow 4%1@.%11%@ ﬂbiiodr < o ®
F w W R v © %O & o X = o
e N ctz N uwm_lro 2 =
E%oz = T }%xziggs N L
aﬁjxlLﬂa«%wwﬂ7ﬂotzfzﬂurﬂ%% .Lajalﬂ%
= o Jl;u.f%]Eﬁ mu¢ L%Laﬂmﬂalﬂﬂ
< .2 ™ T N ?QIAS%LJ;%O -
@%4ﬂ%ﬂ4@1%§ _Zg;1ﬂvfﬂ = X
X oF m_@ﬂ < dlo o Ho%nno X 0 o,mn 0
~ ] R =% ]Alﬂ,#d./u] ]t =)
xoduﬂ,iﬁ_éalub777$% W ﬂavﬂ&.ﬂ;udﬂ
T A>T g et el A
@%%zgyoqkﬁﬁ,¢kqw%x}wﬂ%w
azgigﬂﬂ mgﬂa;ozifua;%
_,Axm.ﬂﬂ ATH/_‘_I_,AF;O;O o= =) LHE\LI o
o T X = 4 of ® Hl o < o ®
™ Hﬂ@uli} %ﬂ%@ﬂ
nD].l 7H7__,A,ED‘LI et}
7ﬁﬂﬂwﬁ|2ﬂmoAuaw1muz_.o
ﬂoﬂiz*oﬂ_mdﬂ/
O E.#O‘J|‘u|
I

<
T Al

U} ClOs, ClOx S0

- 41 -

S
=



7] 95t meA,

S

= B

o

el

el ol

, AP Al el A

o}

—_
fife)

ol

i
.

3R

1
JE

36.0 ppm©] A o1} chlorite9} chlorate

g
ClO;

TEF9 chloride(Cl)

3

o) AL

882.1 ppm, free available

- =
o =

chlorine (FAC) 8 ppm, chlorate 43.32 ppm, excess chlorine 2 ppm, pH 2.48°]%] 2.

™ chlorite

=54

e

1
s

96% 2} 95% A t}.

i
it

pr—

&

—_
o)

shlut.
tel

;__l:
[

J= ThHEger A

0]
o] ¥ (70x140x1 mm)

L
=

S

3l

e

o

=
[}

Tw HEg A4 5 3

—_
file)

Fol 0~20 mL/min®=

g ogs

ZA

el

Tp

3]

REERESE

- H=
R

(e}
AR

+

_42_



Ejector \ @ Tap water
-lJ e
}g. ‘—H Gas vent
I nmar
& - Secondary
'] % -actor| e
Hﬂ Vaccum regulator ha
8 e J:ﬂ, Ij o | Flowmeter
A -
Pump @
— =
P
i ©
ACD vent Pump

Ci2 gas Sodium chiorite solution tank

Fig. 1. Scheme of ACD (aqueous

Input

chlorine dioxide) generator used in this experiment

Fig. 2. Aqueous ClO; generator used in this experiment
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AT MRS $A8 AAT Arde] BAWS e A/ RAFE AXT
EE s FAFEAY 4§ AP BEAES ik

WA AZ\RaRsh AR AV EAFE Ana FAA g Qo
1% 3 2 @7]5—614%— FA AT 4

m)=

how fer WAl TANE ol fald

0~10 mL/min® =4 7}
Ay A7 RS dxaanges(F)e] dS dug g A W7

7474 % (Model : BC-210)5 AH&-3t3{ch.

. A
HA MA Agol| AMES g, &), e ErE, AMY, A, A2, A 2 Ad
S g8 FEHAA F+Yske], 4+1°C, RH 90~95% Z 79| E%}ﬂﬂﬁ 213 o

r ks
ol-&stuth HAgel| A&t HdYUE F(Raphanus sativus L) 20061 2 2007 7
%]

1l [e] v \“0 i]ﬂ)oﬂ/\-] %Lotl :_]_—:ls;/
4+1°C, RH 90~95% Z7o] WA HystHA Ao o]gdon, dde 25
TooF 7% AR F2 ARESIth Al AREE AFEe T AAH(96%

A3k
o], Aldd )l

2t AloF & uljx|

T2 vjo] A3 lactobacillus MRS medium, nutrient medium, LB
medium< Difcork(Difco lab.,, USA)e] A& AFE3stSlo™, NaCl, NaClOy,
NaClOs, NaH,PO,;, NaH,POs 59| chemicals< Sigmarh(Sigma Co., USA)®] Zl<,
Ion chromatographyel AF&-3t  waterv T AZE A (model : Milli-Q plus,
Millipore Corp, USA)= 4743+ 18Q ©]a} Eol24E AR&3Flth(96). w9 Az
Al AR A EH RS Bl e oFEel A skl ARSI
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Fig. 3. Scheme diagram of electrolyzed-water generator.

Fig. 4. Electrolyzed-water generator used in this experiment.
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olxtstd g FEA W7ol A& E. coli ATCC 10536 % S. aureus ATCC
6538+ AP T TATHAKCTC) AN #F WS A, 18]l Aspergillus flavus
KFRI 855, Aspergillus niger KFRI 993, Asperqillus niger KFRI 466, Bacillus subtilis
KFRI 183, Bacillus cereus KCCM 41293, Bacillus cereus KFRI 183, Candida utillis
KFRI 556, Candida albicans KFRI 432, Enterococcus casseliflavus KCTC 3638,
Enterococcus  saccharolyticus KCTC 3643, Enterococcus mundtii KCTC 3630,
Enterococcus hirae KCTC 3616, Enterococcus faecalis KCTC 3511, Enterococcus durans
KCTC 3121, Klebsiella pneumoniae subsp. pneumonize KCCM 11391, Klebsiella
pneumoniae subsp. pneumoniae KCTC 1726, Listeria monocytogenes KFRI 799, Listeria
welshimeri KCTC 3587, Listeria seeligeri KCTC 3591, Listeria grayi KCTC 3581,
Listeria ivanovii subsp. ivanovii KCTC 3444, Listeria innocua KCTC 3586, Leuconostoc
mesenteroides subsp. mesenteroides KCTC 3733, Lactobacillus brevis KFRI 466,
Micrococcus luteus KFRI 455, Mucor rouxii KFRI 780, Pseudomonas aeruginosa KFRI
190, Pseudomonas fluorescens KFRI 194, Penicillium citrinum KCTC 3733, Rhizopus
oryzae KFRI 1007, Staphylococcus aureus subsp. aureus ATCC 6538, Salmonella
typhimurium KFRI 251, Saccharomyces cerevisinie KFRI 1014+ Zt7} Sk 2% A<
(KFRI), =5 3(KCCM) 2 A FTATY(KCTO) oA sZHAR JH=
g Wrol 50%(v/v) glycerol stocksto] -80°ColA s R B3t AR&alQlTh o
T wYge BSIHY AAAMC mel nutrient medium, lactobacillus MRS

medium Sl Al AFA| Z T
2. AR A4 9 GRX Az
7b HA A
e, 27, e Bvte, AL, A, 22, AL F ALY HAAAELS A=

%
W] 10815:9] o skl adel AT} HAB] VRS ste] AH SHEA FHAL

7ol mE FAt, ©]AbsEd A9 chlorine species ¥ THMsE #4313t
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tof 23}

s
—,O

12k Aol Al

(% 100 kg 715 AT 4.44 kg)

10C

tom 7 AeTe

4905

Table 29}

2 HCIO/ClO, &&e-

o] pH, ORP

PN
Eat

o
=

2

<

W

Table 2. pH, ORP, and HCIO and CIO; concentration of sanitizing water used in

this study

1)

) HCIO/ ClO,
ORP (mV) (opm)

pH"

Sanitizing water

793
1,128

6.76
2.58
8.56
6.01
3.51

TW?
SAEW?
LAEW1Y

105.0

73.8

660
861

294

LAEW?2Y

30.0

ACD?

'Data represent means of three measurements.

1

)Tap water

2
3)

Strong acidic electrolyzed water

Low alkaline electrolyzed water

4)

"Low acidic electrolyzed water

5
6)

Aqueous chlorine dioxide

s

Lo 244]
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A7 &5 2 o2t A g AP oAM= AdAZE A &Urh &7

Az7E zu]do] A3 T 2L Fujdog wslste] ¥t 4z ¥3H A
& 10CoA BIAstAA 15¢ HA oz 90U7A] BA S on, g @ xuo A}
L8 Y4 EA Fv|de] ujee] &S 712t Table 33 3kt

2) Chlorine dioxide (ClO;) % chlorine species
o|4ts}d 49 FE+ portable testing instrument (model DR-2800, Hach Co.,

Loveland, USA)E ©]&3}%, US EPA DPD methodE 7|¥to2 3 UV
spectrophotometric method¢} DPD titmetric method& @ 3}o] 4]}t

3) FAC(Free available chlorine)
FAC+= DPD ferrous titmetric method= =743} %t}.

4) Chloride (CI), chlorite (CIO,) 2 chlorate (ClOs)
Radziminski &< ¥l wek 125 mL 242"l 30 mLe| o|itstdATE Y
o

N, gas® -s%o] wek 10~20% purgingdtel ClOE A% & ion

[rt

1

chromatographic method= ion chromatography(model Bio LC, Dionex Corp., CA,
USA)E Ab&3ste] #2433l AFE-38F column, guard column % suppressor< 717}
IonPac AS12A (4x200 mm), IonPac AG12AE, micromembrane suppressor (model
AMMS II)Z DionexAH(Dionex Corp., IL, USA) Al%& AFESISIth ARY A=
A2HEE HAHAE 24435l peake] o2 A|59] chloride, chlorite 2 chlorate2]

Fe At

5) 4teh-3Y 9 (ORP : oxidation-reduction potential)

UL WY

5 50 mLE Hlo]A ol Hol AldE&H o ARgsglem dLolq ORP

2
%
ME

meter (RE-12P, TOA Electronics, Tokyo, Japan)= AL&31e] F A8t
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Table 3. Composition of seasoning solution used in this experiments

(Unit : %, w/w)

Components Water!

™ SAEW LAEW1 ACD
Treatment water 98.628 99.220 99.220 99.220
Potassium sorbate 0.296 - - -
Sodium metabisulfite 0.016 - - -
Poly phosphate 0.041 0.041 0.041 0.041
Saccharin 0.074 0.074 0.074 0.074
Glycine 0.041 0.041 0.041 0.041
Ascorbic acid 0.025 0.025 0.025 0.025
Succinic acid 0.016 0.016 0.016 0.016
Sorbitol 0.041 0.041 0.041 0.041
Stevioside 0.041 0.041 0.041 0.041
Citric acid 0.041 0.041 0.041 0.041
Malic acid 0.041 0.041 0.041 0.041
Tartaric acid 0.041 0.041 0.041 0.041
Acetic acid 0.658 0.658 0.658 0.658

100 100 100 100

D Refer to Table 2.

6) Aol 2AHHCIO) 3
A71&8 4 50 mLell KI 2 g, acetic acid 10 mL$} 1% i A|AJekS &
7Vste] EzAo] B2 3 3 0.1 N Nax$05 9 2°H mLE g2l ujat it
o] zpold it ppm) o2 A ST

ol
-

HCIO (ppm) = 0.1 N Na;$0; A&H] & (mL) x 7.092

7) Trihalomethane (THMs)
o] 4kt 49 THMs+ liquid-liquid extraction gas chromatogrphic method?l

g} 4515 AFH S AlEE npentanelZ FE3 T emulsion T2 A 73k
71 98l 8,000 rpmell A 5i-7F YA EE AT FF NS 020 um membrane filter

2 o7k b5 ECD7F & GC (Model : GC-2010, Shimazu Co., Japan)ell 5

;

N

.

=~

_49_



o]
H

ol

tol Al AFE S colum  fused silica capillary coumn$l  BP20
(30mx0.25mm,  0.25um)°|tt. EFEHE  ARES bromoform  (CHBr),
bromodichloromethane (BDCM), dibromochloromethane (DBCM) % chloroform
(CHCl3)+~= AldrichA}, calibration mix+ SupelcoAl®] volatile organics calibration
mixE AHESITH WF EFEEEAE 1,2-dibromopropanes ©]-&3tth =%
S22 39S 35°C(5 min)—70°C (10°C/min)—200°C(20°C/min)o] 1.0, injector?]
ZEF 175°C, detector= 300°C°o] 13l carrier gasv 1.6 ml/min®] He, makeup

gasi= 46 ml/min®] N,°| %It}

8) Haloacetic acids (HAAs)

HAAs®] #42 o]itsedas Al 30 mLE TFE-faced septums 44
polypropylene screw cap vialel ¥ U5 surrogate standard 1 (5 ul of a
solution of 2-bromopropionic acid 60 mg/L in MTBE)S 7}3stal 3 mLe| Zgk 3
2HpH<05)8 2 ds ¥ FAUHEF 12 gB 3 g9 copper(ll) sulfate
pentahydrate ¥ 2 mLe] MTBEE &2 7}8lQlt). Vials 283t 2193 thg 54
7 AAAL FEY 09 mLE 14 mL %9 vialZ &7 2 mLe] ik 10% i

.

(.

< 89L& 71stal surrogate standard 2 (1 ul of a solution of
2,3-dibromopropopionic acid 60 mg/L in MTBE)E 7}3}31t}. 50T 9] 8ol A] 14]
FoEtr JHEE v 1087 40C= FZsieith. 5 mLe copper(ll) sulfate

pentahydrate/anhydrous sodium &1 38}7kal 283+ A®stal 583+ |8t
liquid-liquid extractiond T} 0.3 mLE 2 mL vial2 &7 1 uLE GColl +43}4

wASESl T ojuf AFE-3H GC= GC (Model : GC-2010, Shimazu Co., Japan)©] 312
™ column< DB-1 (30mx0.32 mm, 0.25 um)®] Z S = carrier gas™ 1.6 mL/min
o] dAHFS, makeup gast 46 mL/mine] AAE, 0 F £ 35C(9 min)—40C(3
min)—220C(10 min)2 A4 3} 2™, injector &%=+ 175C, detector =%+ 300C

ol At}

Lt}. Quantitative suspension test

olsxtstd el AtE fa4 ¥/ EU CEN 12761997 (Quantitative
suspension test)oll W} e AZz7oA HIIEA T AFEE H4E MgClh, CaCl,
NaHCO; &39(600 ppm)©] 1. 2.™, neutralizeri= lecithin, polysorbate 80, sodium
thiosulfate, 1-histidine % saponine®] &% oIt FHHEHZE 03%(w/v)

bovine serum albumins AF&3}$ T}
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o} @FAe] Fd 24

7 34E A FE5 AV E v v 41 o] MR o st pHE o3
Hol dHE FH3}] pH meter (Suntex, 2000A, USA)Z =733 th

2) AAAE
#2772 vl sle] JFA R st o Fo| A 10 mLS FH3e 0.1 N NaOH
2 pH 837h4] A3t thg ojuf AH|E e Aito g shilsie] ® AT

3) OﬂI:
FA7Z vhafetel AR olshat ojute] FelA AN-E Al AmA (Atago
S-28, Japan)Z =74 3l7 1} Mohr] &2 =A%t

5) S5
FAANZ vhafstol AR ol ozl FoAH ARE Hste] NHF AL 200

6) AT
e FEIH(L=97.75, a=-049, b=196)07 B AHE AEA(CR-200, Minolta

Co., Tokyo, Japan)E AF&3lo] A5 n=39% 3}o| Hunter scaleq! L, a ¥ b %t

7t 34 A2 59| hardness™ Rheometer (CR-200D, SUN Scientific Co, Japan)
£ o]&ste] FAstdlth 5 A Aole T3 HHd dFet= Fie FAE 10

mm’} HE% dds & stainless steel® ¥ VA probeZ 5.0 mm % ©]7}%] <]
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hardnessE SAstlth. S4HA st 2 kg, HolE o5& %+ 60 mm/min®] 3]

U AIRE AR FE6te] 53] vk A3 & FdA 2 YE ST

4 AgFe vAE W= A8 10 g2 HIT FH 90 mLe HHFE 0.85%
salines 7}sto] stomacher® 13+ W ASAIZ & ZhZpe] A5 els 1 mLA 8}
9 mLe] Hir¥ 0.85% saline® = @A 3|43l pouring culture method® 7 &3}
Atk S5 2 dAF T2 7217 plate count agar(Difco Co., USA)®} chromocult
agar(Merk Co., USA)Wi#|& A}-g-3lo] 35+1TCol| Al 48417t wjksl & =33k colony

& AF3itt. 330] ¥ @R Potato dextrose agar (Difco Co., USA) HIA| &

ARG-8ke] 2541 Coll A 48413 w3t 5 E& 3 colonyE Al5=3l3i .

9) s A
s Wrbe dEAFATAAA 108 FEE HeAAds ddem @, 9,
2o TlEEe dis 97 \xdger Atk Aol fod s

Statistical Analysis System (SAS)E ©]&3}%] Duncan's multiple range test ¥
28381 0.05% G0l A S-S BAs)

2. BAAz
7 499 338 YA AP wusigon, AR fe4e AR

o3 o

A —
138kl SAS 9.0 for windows programs ©]-839] ANOVA testE AAIg §, p<
0.05 =4 Duncan's multiple range testg A A3}t

_52_



Al2d 29 H

1. a5 A" g

7)o olstdas BYFN A% LAY Y= F7

st gel pH 2~109] WSANA 7H5RaE A k3, S8 7]

Aat FT BBel§APH10)0 s BHET W
XL

Hl = Ay gt
2CI0, + 20H — ClO; + ClOs + H,0 1)

¥ pHOlA o)idstd Ao w7t S7bgtel whet Cloy ¢k Clos 9] A&7t &
7bstE R o] ZejA FAF A& W COFEE HFo] Cloy¢h Clos e
BAFS Sofof )

folA APE ClOyS A ZstollA o]ibstA s, Hao]2(Cl), Adtol

(ClO5)¥} th=3t #o] FFAAE 71 5 Utk

o|N

4CIO, + 2H' € 2CI0, + CI' + ClOy + H0 )
Al o ikstd ArH Y Ao 2 (Cl) Aatto]l2(Cloy)o] A/ HH

6ClO, + 3H,0 < 5ClOs + CI' + 6H' 3)

ClO, + ¢ — ClOy 4)

99 w2 A pHEIA FEHoR dojin CIOyE W%
Q4 WSEETE AT ASRARAY Eh Y3 ASBARSAA
A},

ot

ClOy + 4H" + 4¢” — CI' + 2H,O (5)
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Al ClIO; & YERYar, v A

=
=

50~70% 7}

ok
=1

-
T

Chlorite(ClO,) <} Chlorate(ClO5)©]t}h. Chlorite®} Chlorate

B

B

1¢] NaClO, ¢} Cl°]

Els

el
o~

]

(el e O =]
& RhEokx

kls

o] atalad 2 o] A Z AN IO

ki3

d

T

oﬂ /\1 NaC102 9/]’ C129]

s

o]/

E o
2

ez ]
=i

g]

]

ot

shvl, vhg WAL e pH

of7] gt} ES

=
=

ClO, A7de] A3

o] [e)
v s

sl

A

1

1), @l

= XAl
R |

[e) [e]
2 fu

3

A

ko] Clos A

3 o

&

-

Tor

= o8 A7 AN, CreF o s %59 123

o ClOy 9] A T2

g9

A 2]l

P
T

=
AE

ez ]
=

AF
ct.

]
)

0

ox

frelg

(A= A= R

43

NEE

A B A E=

el &

o
T

(OCI) 7} =4

ClOy

ClOs =

1
s

o Cloy

3
pul

+ CI

+ OCl' = CIOs

ClOy

s}

50~200 ppm®]

0] =
A -

2] AR5 AL

15|
=

o shAste] il

b2

A

o2 5 ppm?| ©J4tE 9= 34 ppmo] ¢

iz

il

AR

Lactobacillus plantarum, Leuconostoc mesenteriodes 2 Saccharomyces

zo
o 1o

Winniczuk

1.4 ppmeo| &}l

)
of Hl&] THMs¥ %2 disinfection byproducts (DBPs) AJ/d @o] H]ul

3.1 ppm, 4.8 ppm

cerevisiae®l] T
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A A3, ¥e pH g9olvt guUoht AaA el £4 A% Gaol 1)
S weAel W Atte FEL AHa ok olusEat S 2 ey
5o ne@ 9 gow AFe Mitel Hgahs ol §olstn vF FDAT
s Anel AR OlAHALE HEF o] F T Hopl Ao AE3] e v

o] 27} xSk

gHA, Park 52 W] AF 7heaAdel ARSI e AdASAE 24 2
I A A AEAE 7P BEAo R ARgstal Qo A AG whelrt o] FolA
A e AT Ba, 53] QA AdamA] Aedde e 25 ojulel A E
o] 8 log cycleoll Al 4 log cycle o= dAA3| FFAsthar silch

ojibstd o] WAL US EPA guidance manualol] w2 ®HA) wk2lof ulg}

acid-chlorite, aqueous chlorine-chlorite, recycled aqueous chlorine or "French
loop", gaseous chlorine-chlorite, gaseous chlorine-solids chlorite matrix,
electrochemical ¥ acid/peroxide/chlorite 2.2 Tw& G o AHo=z Al
A s BT AeAdy skerA g e R ARjgrEyE A3, STt oy
-, &%, ALEs=(FH °F 4,000 ppm) HAEH 7L ArbAo|ty g FA]g]E

AA3} olatsld s EE7F WAl chlorite FHFFol WE WA EAR AEIHE

3 AzEM, PR of&Hal = olikEdA AT A WA AlzAL
&

L
[e) =
1= }SXC_)‘| O}—

= Ao 7t T o
upeha] AEAbd e o]AbE A AE &8-St fEiAe Aol AR HAAA AL
838 £ e 384 ekdAo] FRE uFE/ueE AR e HES A

A=A HA NaClO, 5% % Ch gas FUFS HES7] 9159 NaClO,=
0.01, 0.05% % 0.1%%, Ch gast= 100~1,000 g/hrZ T FHFS GelsluA
ClO, B8 %s A% A3 Fig. 59 2otk 449 08 s A4
NaClO;9] % % FYH= Ch gas®] FHZF 7kl wet 0.01% NaClOell A
400 g/hr Clo gaselAl 90 ppm, 0.05% NaClO,%lA%= 700 g/hr Cl, gasollA] 461
ppm, 0.1% NaClOy°lA1+= 1,000 g/hr Cl, gasel Al 885 ppm®| Hth A ZFS et
Wit

e
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AgE oatstel o] FACE 5743 AX=
H NaClO; 5% 3 Cl, gas FHF°] 571
WAt olikstd g wA7]o] 8% = FACE
stolm, FAC: A7 o] A a&3 A dAE 7Hez HAgdez o2
4 e =4 AAo] BL3lth 0.01% NaClOol A= Cl gase] FU#HF Z71ol whal
04~3.3 ppm ¥, 0.05% NaClO,°14E 0.0~17.0 ppm 4%, 0.1% NaClOxol A=

0.0~13.0 ppm< YERH AT
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0 T T T T T
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Gaseous Cl, (g/hr)

Fig. 5. Changes of ClO, concentration generated according to concentration of NaClO;
solution and amounts of gaseous Cl,. NaClO; concentrations were 0.01%(O),
0.05%(V) and 0.1%([]). Data represent means of three replications.

_ A A
N B O @

Free available chlorine (ppm)
=

o N A OO ©

0 200 400 600 800 1000 1200
Gaseous Cls, (g/hr)
Fig. 6. Changes of FAC(free available chlorine) concentration generated according to
concentration of NaClO, solution and amounts of gaseous Cl,. NaClO,

concentrations were 0.01%(0O), 0.05%(%) and 0.1%([]). Data represent
means of three replications.
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o] 48}l 4 9] inorganic byproduct?] chlorite®] A% WIE SA4 ¢

mlI.
off
-
£l

A
7= Fig. 79 Z28kth Chlorite™ low levelol| A]i= haemolytic anemias
high leveldl A= methemoglobins ¥°7 4 glorm= Hdig F/AAES oA
sH= 3lo] "3t} Chlorite™ 0.01% NaClO:o1 4= Cly gase] Tl #HARlo]
A=A ko, 0.05% NaClO:o14+= 100 g/hre] Clo gas F&FelAl 309.2
ppme YERHI S, 300 g/hre] Cl, gas o|ellAl= AGHA &drh 0.10%
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Fig. 7. Changes of ClO, concentration generated according to concentration of
NaClO; solution and amounts of gaseous Cl,. NaClO, concentrations were
0.01%(0O), 0.05%() and 0.1%([]). Data represent means of three replications.
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g, o)Akt d Ao chlorate®] A% WStE 54T Ad= Fig 83 AUt
T

=, chlorate®] A
A= %v ez AZEY 001% NaClOlAE= °F 6~13 ppm %, 0.05%
NaClOol &= 9F 20~39 ppm, 0.1% NaClO0l A= oF 32~46 ppme| =0t}
Chlorate:= Al ClO; : Chbel H|Eo] XAl =AY, W& pH ZoA free
chlorine®] 5%7} vl-¢- =& o chlorate ions A3l ¥ & A% FAC

9] *ME‘EO] =9d 0.12% 5—; 0.25% NaClO,9] oA A& o2 chlorate2] A4
e =4 YEl

> NaClO; 5% 2 Cl, gas FHH} 4A

R

50
40 A

30 1

. W

" W
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Fig. 8. Changes of ClOs; concentration generated according to concentration of
NaClO; solution and amounts of gaseous Cl,. NaClO, concentrations were
0.01%(O), 0.05%() and 0.1%([]). Data represent means of three replications.
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%
ﬁ
_‘

NaClO; 5% % Cl gas T W& 71719 &2 Figs. 9~107 %
th &2 chlorite % chlorate?t A #ol A4 F&Fe HAE=E chlorite?}
chlorate®] Ay d&Fo] Wkd NaClO, ¥ Che FYds=HeolA =2 #s e
AH(Fig. 9). =, 0.01% NaClO,ol A1+ 200~600 g/hr Cl, gasol A 95% 4=, 0.05%
NaClOx¢l A= 400 g/hre] Cl, gaselAl 97%%, 18] 0.1% NaClOx¢lAl+= 500~
1,000 g/hroll A 96% ©]&e] &5 WERIIT AAs] 2 dAld Al=dolA = A
o1 100% <ol o] vl w2 &8s YAt A a8 deEgve 2
gl AA A2l wet acid-chlorite types> 80% <<, aqueous chlorine-chlorite
type> °F 80~92%, recycled aqueous chlorine or "French loop" type< 92~98%,
gaseous chlorine-chlorite type< 95~99%(<2% excess Ch)? A& 74T o 2 A
B71E BN ClO0 &3 e AEd FEoe dddEn.

ghH, o]4ksld Aol FE+ chlorite, chlorate ¥ FACY A3 2420 &
S 7 E=E Fig. 109149 #o] chlorite, chlorate % FAC®S] AA&Fo] 24
NaClO, % ChLe| sE=WMeA 2 s YeEgleh 5, 0.01% NaClOol A=
200, 300, 400, 600 % 1,000 g/hr Cl, gasollAl 93% +=, 0.05% NaClOo A+
900 g/hr Cl, gaslAl 94.0%, 183l 0.1% NaClO,°l 4= 8002 900 g/hr Cl gas
ol 95.0%° A ==& Hehhdoh
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Fig. 9. Changes in yield of ACD(aqueous chlorine dioxide) generated according to
concentration of NaClO; solution and amounts of gaseous Cl.. NaClO;
concentrations were 0.01%(O), 0.05% (%) and 0.1%([]). Data represent means
of three replications.

100

80 1

60

Purity (%)

40 1

20 1

0 200 400 600 800 1000 1200
Gaseous Cl, (g/hr)

Fig. 10. Changes in purity of ACD(aqueous chlorine dioxide) generated according to
concentration of NaClO; solution and amounts of gaseous Cl,. NaClO»
concentrations were 0.01%(0O), 0.05% (V) and 0.1%([]). Data represent means
of three replications.
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R £t QA @A ARAEASE GE Awyel Aok, ol o)
EA7F WE SA4E PAI slvh BAARL o] ibstd Agre] R wE =
AES Ay Fig. 11~13% 2t} 30 ppm olibstd 9] 5C 9 10Col A

S

A2l WslE HES Ay ClO, ¥ Chy 1404 AIAAZFA] 1vhA] A4 &
WA 25C o A= 27] 30.6 ppmolA] 30 A 7.6 ppm TFOE F4 7
Aoz Uetwth S o)A Al B Al 7hEE Aol A olitksked

skl Abgshs A& Hds AlAbehe Aol

4 gy ¥ o ox o
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R O}lu mlo H
>

i B
o
FIF

300

250 “”A—‘\‘\A—A

200 -

150 A

100 )/O\@/O\O—O

Concentration (ppm)

= 0, —C—
80 100 120 140 160

, 0.
0 20 40 60
Time (min)

Fig. 11. Changes in concentration of each chlorine species of aqueous ClO, on
open state at 5C. Chlorine species were ClOy(@®), Clx(V), NHCI(H),
NHCL(<), Oxi-Cl(A), CI(O).
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Fig. 12. Changes in concentration of each chlorine speces of aqueous ClO, on
open state at 10°C. Chlorine species were ClOy(®), Cly(V), NHCI(H),
NHCL(<), Oxi-Cl(A), CI(O).
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Fig. 13. Changes in concentration of each chlorine species of aqueous ClO, on
open state at 25C. Chlorine species were ClO>(@®), Clx(V), NHCI(H),
NHCL(C), Oxi-Cl(A), CI(O).
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114 ppml & HHgts, 0.02% HafHelA= 3 30+F 49.6 ppmO = Hgts
YERNATE 0.04% NaCl As|HollA= 3 555 56.7 ppmS, w3 2050+
134.8 ppmoll o] 27 on 30%0]= 148.9 ppmS LERASITE 0.06% NaCl &) o]
M dl 5%F 85.0 ppm=, 0.08% NaCl Ad|Ho) A= &3] 525 2057 ppm=,
0.10% NaCl 3ol = 4184 ppm, w3 30%F-ol= 876.6 ppmell =33t
(Table 4).

e A7) 2842 pHE 0.01% NaCl dafjdo = 27] 6.87014 30%F 9.20
o8 F7FsklaL, 0.02% NaCl s Aol A= %7] 590004 305 8.675 HHEFHSL
o™ NaCle] ¥o] F7tstar ®ajA|zte] ZAoJAFE A4 o2 Asste] pH 7~9
HeE UER A HH(Table 5).

Table 4. Change of HCIO content of electrolyzed-water by NaCl concentration and

circulation time

(Unit : ppm)
Circulation NaCl(%)
time(min) 0.01 0.02 0.04 0.06 0.08 0.10
0 0.0 0.0 0.0 0.0 0.0 0.0
5 43 14.2 56.7 85.1 2057 4184
10 43 28.4 85.1 1418 3262 6737
20 71 355 1348 2199 4823 8745
30 114 496 1489 2482 4681 876.6

"All results are presented as mean of triplicate.
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skA A E AdA7]slge] ORPE &3l 5% 25 500~700mV G52 LERH

T 30%-Foll = 600~800mV 2 %38} tH(Table 6).

Table 5. Change of pH of electrolyzed-water by NaCl concentration and

circulation time

Circulation NaCl(%)

time(min) 0.01 0.02 0.04 0.06 0.08 0.10
0 6.87 5.90 6.93 6.57 6.88 6.89
5 7.63 7.82 8.60 8.60 9.26 9.23
10 7.89 7.99 8.62 8.90 9.09 9.26
20 7.94 8.08 8.55 8.74 9.24 8.96
30 9.20 8.67 8.96 9.41 9.07 8.47

"All results are presented as mean of triplicate.

Table 6. Change of ORP of electrolyzed-water by NaCl concentration and

circulation time

(Unit : mV)

Circulation NaCl(%)
time(min) 0.01 0.02 0.04 0.06 0.08 0.10

0 279 282 256 281 262 310

5 598 693 712 750 725 759

10 595 687 732 744 745 773

20 676 705 759 772 742 799

30 649 678 744 685 739 813

"All results are presented as mean of triplicate.
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2. BiocideZA] 9] A FEA

b oAbt age] A fEA
A olabstd 4248 247t 10, 20 B 30 ppm FEE o] 359 At wEol

-y

ruim

HOERE ddeR o9 2N v FEAS ”é 7bgk A= Table 73} t
Aspergillus flaous KFRI 855+ 30 ppm, Bacillus cereus KCCM 412932 20 ppm,
Listeria monocytogens KFRI 799+= 20 ppm, Listeria welshimeri KCTC 3587, Listeria
seeligeri KCTC 3591, Listeria grayi KCTC 3581, Listeria ivanovii subsp. ivanovii
KCTC 3444, Listeria innocua KCTC 3586, Leuconostoc mesenteroides subsp.
mesenteroides KCTC 3733, Lactobacillus brevis KFRI 466> 20 ppmolA H7|:T+&
99.999% ol AL F A& Ao R UEwon, o]9] #F+= EF 10 ppmel
A FaEAel dE Ao yeihth i dig uigel #5EE Aol Qe
AT A7t om] Harg vl 9o} Aspergillus flavus 2 Listeria spp. /b & &4 o=
O 2 e 7HE Al disiM e F7hE<l A7F dasita dekE .

Y. AR &Y Ad 854
=

B33 T4 71E85¢] EU CEN A0l o3 fa 2ot Aite] 5 371 2
3}, E. coliell B34 = HCIO 5= 35.5 ppm ©|7d < ™ 99.999% ¢ 7+4 & 37F AL o]
o d7]Esl o] £ pH 8, ORP 705 mV i th(Table 8). S. aureusoll 3l A= 85.1

ppme] HCIO ¥ u frolgt Ang tehiglon oy A71#s)5e] B4& pH
8.60, ORP 750 mV 1 tH(Table 9).
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Table 7. Evaluation results of sterilization activity of aqueous ClO, on some
bacteria, fungi and yeasts in dirty condition

Concentration of ClO, (ppm)

Microorganism(Strain No.)

10 20 30
. N 46x10°  31x10°  6.2x10°
Aspergillus flavus (KFRI 855) N, 2.4x10* 2.5x107 ND
. . N 43x10°  2.1x107
Aspergillus niger (KFRI 993) N, 6.1x10? ND
. . N 3.8x10°
Aspergillus niger (KFRI 466) N, ND
. . N 2.9x10°
Bacillus subtilis (KFRI 183) N, ND
. N 82x10°  2.7x10°
Bacillus cereus (KCCM 41293) N, 3.5x10° ND
, N 1.7x10°  4.9x10°
Bacillus cereus (KFRI 183) N, 3.1x10" ND
o N 2.8x10
Candida utillis (KFRI 556) N, ND
. . N 6.1x10°
Candida albicans (KFRI 432) N, ND
o N 46x10°  4.1x10°
Escherichia coli (ATCC 10536) N, 5.4x10" ND
, N 2.7x10°
Enterococcus casseliflavus (KCTC 3638) N, ND
N 2.8x10
E lyti KCT 4
nterococcus saccharolyticus (KCTC 3643) N, ND
y N 9.4x10"  57x107
Enterococcus mundtii (KCTC 3630) N, 4.6x10" ND
. N 11x10°  3.0x10°
Enterococcus hirae (KCTC 3616) N, 3.4x10° ND
. N 34x10°  4.3x10°
Enterococcus faecalis (KCTC 3511) N, 143x107 ND
N 24x10°  5.0x10°
Enterococcus durans (KCTC 3121) N, 4.5%10! ND
Klebsiella pneumoniae subsp. pneumoniae N 2.3x10° 2.1x10°
(KCCM 11391) N, 1.9x10 ND
Klebsiella pneumoniae subsp. pneumoniae N 2.6x10° 3.2x10°
(KCCM 41285) N, 2.8x107 ND
Klebsiella pneumoniae subsp. pneumoniae N 3.7x10° 1.6x10°
(KCTC 1726) N, 2.9x10 ND

*ND : <10' CFU/mL
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Table 7. (continued)

Microorganism(Strain No.)

Concentration of ClO, (ppm)

10 20 30
y N 1.9x10°  55x10°
Listeria monocytogenes (KFRI 799) 3
N, 8.1x10 ND
. o N 2.3x10°  2.5x10°
Listeria welshimeri (KCTC 3587) 3
N, 8.7x10 ND
o o N 7.9x10” 7.8x107
Listeria seeligeri (KCTC 3591) 4
N 1.5x10 ND
o , N 1.9x10° 2.1x10°
Listeria grayi (KCTC 3581) 3
N, 7.1x10 ND
Listeria ivanovii subsp. ivanovii N 3.7x10° 4.4x10°
(KCTC 3444) N, 1.1x10° ND
S N 2.1x10° 2.7x10°
Listeria innocua (KCTC 3586) )
N 7.9x10 ND
Leuconostoc mesenteroides subsp. N 2.0x10° 1.0x10° 1.0x10°
mesenteroides (KCTC 3733) N, 6.7x10% 1.1x10" ND
, , N 24x10°  2.2x10°
Lactobacillus brevis (KFRI 466) 4
N, 1.6x10 ND
‘ N 2.2x10°
Micrococcus luteus (KFRI 455)
N, ND
y N 5.4x10°
Mucor rouxii (KFRI 780)
N, ND
, N 4.1x10
Pseudomonas aeruginosa (KFRI 190)
N, ND
N 1.6x107
Pseudomonas fluorescens (KFRI 194)
N, ND
o N 1.2x10°
Penicillium citrinum (KCTC 3733)
N, ND
, N 1.5x10°
Rhizopus oryzae (KFRI 1007)
N, ND
Staphylococcus aureus subsp. aureus (ATCC N 3.7x10° 2.9x10°
6538) N, 2.2x10' ND
o N 4.4x10° 2.2x10°
Salmonella typhimurium (KFRI 251) 1
N 2.6x10 ND
. N 1.2x10°
Saccharomyces cerevisiae (KFRI 1014)
N, ND

*ND : <10' CFU/mL
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Table 8. Evaluation results of bactericidal activity of electrolyzed-water generated

using NaCl as electrolytes on E. coli ATCC 6538

NaCICH) Elt‘:fi:zzlzr‘l?g 0 5 10 20 30
N 3.4x10°
HCIO(ppm) 0 43 43 7.1 114
oot R <10° <10° <10° <10° <10°
HCIO(ppm) 0 14.2 28.4 35.5 49.6
002 R <10° <10° <10° >10° >10°
HCIO(ppm) 0 56.7 85.1 1348 | 1489
0o R <10° >10° >10° >10° >10°
HCIO(ppm) 0 8.5 1418 | 2199 | 2482
000 R <10° >10° >10° >10° >10°
HCIO(ppm) 0 2057 | 3262 | 4823 | 4681
008 R <10° >10° >10° >10° >10°
HCIO(ppm) 0 4184 | 6737 | 8745 | 8766
010 R <10° >10° >10° >10° >10°

*N : Number of CFU/mL of the bacterial test suspension
R : Reduction in viability
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Table 9. Evaluation results of bactericidal activity of electrolyzed-water generated

using NaCl as electrolytes on S. aureus ATCC 6538

NaCICH) Elt‘:f:e‘zzlzr‘l?g 0 5 10 20 30
N 3.4x10°
HCIO(ppm) 0 43 43 7.1 114
oot R <10° <10° <10° <10° <10°
HCIO(ppm) 0 14.2 28.4 35.5 49.6
002 R <10° <10° <10° <10° <10°
HCIO(ppm) 0 56.7 85.1 1348 | 1489
0o R <10° <10° <10° <10° >10°
HCIO(ppm) 0 8.5 1418 | 2199 | 2482
000 R <10° >10° >10° >10° >10°
HCIO(ppm) 0 2057 | 3262 | 4823 | 4681
008 R <10° >10° >10° >10° >10°
HCIO(ppm) 0 4184 | 6737 | 8745 | 8766
010 R <10° >10° >10° >10° >10°

*N : Number of CFU/mL of the bacterial test suspension

R : Reduction in viability

. A s oSt Ao EA

A s ojtstd A Alx 2 E8)E IS 9% 71240 AEE 2] %fﬂ
of dnkdow mAYE3HH Aol sittal ¢# % acetic acid, malic acid %
citric acid®] #71%S 247F 0, 0.5 2 1.0%=2 H7F3 the Al7ke] A o] wE ?éi
A e Wags 7ES Ay, Table 1009149k o] 60% AHAIZA] 1.0%
acetic acid 77} ClO, Aol okt & Ao2 Yo ™ Che total ClEFl&
Arbso] mE Aozt A4 &2 Aoz AZH AT Malic acids 7+ 4l
© T olE AT 24 £E7) acetic acidE H7FE Aol Hlal] tha wh
& o yUewed ol A3 219 Aolo] oF Aow AAHAoH AT
B2 acetic acid¢} rAFSHSA ThH(Table 11).
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Table 10. Changes in concentrations of chlorine species in 20 ppm aqueous

chlorine dioxide by addition of acetic acid

Chlorine Acetic acid (%, w/v)
Time (min) species 0 05 |

ClO, 20.0" 20.0 20.0
Cl 3.2 43 5
NHCl 0.4 ND ND

0 NHCl, 0.8 0.8 1.7
Total Cl 39.0 35.5 35.5
Cr 106.3 ND ND
ClO, 16.9 17.0 14.5
Cl 2.6 3.9 4.4
NHCl 0.4 ND ND

. NHCl, 0.7 0.8 1.8
Total Cl 28.4 39.0 31.9
Cr 106.3 ND ND
ClO;, 17.0 16.9 16.1
Cl, 2.7 42 4.6
NHCl 05 ND ND

®0 NHCl, 0.6 1.1 1.7
Total Cl 35.5 31.9 31.9
Cr 113.4 ND ND

YAl results are presented as mean of triplicate.
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Citric acid H7HAoll= 05% 3 1.0% H7HA 5371 olibshed Agroll Hlal] 30+
BIANNAE F Apolg HolA| Fhont 60F A IAd = thhel ztolE YERUSL
CHTable 12).

Table 11. Changes in concentrations of chlorine species in 20 ppm aqueous

chlorine dioxide by addition of malic acid

(Unit : ppm)
Chlorine Malic acid(%, w/v)
Time (min) species 0 05 .

ClO, 20.0” 20.0 20.0
Cl 25 41 5
NHx(CI 0.4 ND ND

0 NHCL 0.8 1.5 1.4
Total Cl 35.5 31.9 284
Ccr 1134 ND ND
ClO, 13.5 15.2 14.4
Cl 2.6 3.7 4.4

20 NHxCI 0.4 ND ND
NHCL 0.7 1.1 1.6
Total Cl 31.9 28.4 284
Ccr 49.6 ND ND
ClO, 13.2 14.4 12.2
Cl 2.7 3.1 4.2
NHx(CI 0.4 ND ND

®0 NHCL 0.5 1.1 14
Total Cl 31.9 248 248
Ccr 106.3 ND ND

DAl results are presented as mean of triplicate.
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Table 12. Changes in concentrations of chlorine species in 20 ppm aqueous

chlorine dioxide by addition of citric acid

(Unit : ppm)
Chlorine Citric Acid(%, w/v)
Time (min) species 0 05 1
ClO, 20.0” 20.0 20.0
Cl 2.7 3.4 4.7
NHx(CI 0.3 ND ND
0 NHCL 0.7 0.8 1.5
Total Cl 226.9 2233 219.8
Cr 106.3 ND ND
ClO, 12.9 12.1 11.7
Cl 25 3.3 4.9
NHxCI 0.3 ND ND
. NHCL 0.6 1.1 1.6
Total Cl 233.9 230.4 212.7
Cr 127.5 ND ND
ClO, 12.8 11.8 11.6
Cl 24 29 4.0
0 NHxCI 0.7 ND ND
NHCL 0.8 1 14
Total Cl 205.6 212.7 1914
Ccr 120.5 ND ND

DAl results are presented as mean of triplicate.
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A It E oAt Ao EA
A &8-S fste] A 842 30 ppm 2 50 ppme] ©|4bs A
o 30% s== F7hsko] Al Q1 WstE ES A= Table 13 4
2.

ageol] 2h7h 4

2 Table 149}

Table 13. Changes in concentrations of chlorine species in 30 ppm aqueous

chlorine dioxide by addition of table salt

(Unit : ppm)
Salt concentration (w/v, %)
Time(min) Chlorine species
0 10 20 30
ClO, 30.0" 30.0 30.0 30.0
Cl 13.8 8.3 0.8 1.1
0 NHCl 1.6 0.4 0.1 0.7
NHCL, 22 0.9 0.7 0.6
Oxi-Cl 88.6 60.3 35.5 284
Ccr 142 ND ND ND
ClO, 27.0 220 12.0 9.0
Cl 11.8 8.6 1.3 0.9
30 NHxCI 1.1 0.6 0.3 0.3
NHCI, 2.0 0.9 0.6 0.6
Oxi-Cl 85.1 67.4 31.9 24.8
Ccr 156.2 ND ND ND
ClO, 27.0 220 13.0 10.0
Clh 12.1 8.1 0.8 1.1
€0 NHClI 1.0 0.7 0.2 0.3
NHCI, 2.3 0.9 0.4 0.9
Oxi-Cl 88.6 31.9 35.5 284
cr 142 ND ND ND

YAl results are presented as mean of triplicate.
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Table 14. Changes in concentrations of chlorine species in 50 ppm aqueous

chlorine dioxide by addition of table salt

(Unit : ppm)
Salt concentration (w/v, %)
Time (min) Species

0 10 20 30
ClO, 50.0" 50.0 50.0 50.0

Free Cl 26.9 26.9 26.9 26.9

NHCl 2.9 2.9 29 2.9

0 NHCL 6.1 6.1 6.1 6.1
Oxi-Cl 148.9 148.9 148.9 148.9
Cr 205.9 205.9 205.9 205.9

ClO, 45.0 42.0 20.0 14.0

Free Cl 21.2 19.8 43 0.9

NHCl 24 1.6 0.4 0.4

. NHCIL 3.8 2.8 0.8 0.5
Oxi-Cl 134.7 85.1 56.7 46.1

Cr 198.8 ND ND ND

ClO, 44.0 43.0 20.0 15.0

Free ClI 20.1 19.3 7.0 1.3

NHCl 1.8 1.4 0.6 0.0

°0 NHCL 3.9 21 0.6 0.8
Oxi-Cl 131.2 95.7 56.7 49.6

Cr 198.8 ND ND ND

YAl results are presented as mean of triplicate.

0 ppmel |GG LA A 2T W FEA SRS A0 Aol
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Table 15. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of leafy lettuce

(Unit : ppm)
ClO, Chlorine Immersion time (min)
(ppm) species 0 10 20 30
ClO, 10.0A (0.0)" 9.9A (0.1) 9.0B (0.1) 8.9B (0.1)
Free Cl 53A (0.1) 2.8B (0.1) 2.6C (0.1) 1.8D (0.1)
NH-CI 0.6A (0.0) 0.4B (0.0) 0.3C (0.0 0.0D (0.0)
10 NHCL 0.6C (0.0) 0.8B (0.0) 1.2A (0.0) 0.8B (0.0)
Oxi-Cl 39.3A (0.4) 25.5B (0.9) 20.9C (0.6) 10.3D (0.4)
cr 114.4A (1.1) 106.3B (0.4) 106.9B (0.5) 106.3B (0.4)
ClO, 20.0A (0.0) 16.6B (0.6) 13.9C (0.1) 11.9D (0.1)
Free Cl 8.7A (0.3) 51B (0.1) 2.9C (0.1) 2.6C (0.3)
NHCl1 0.9A (0.0) 0.5B (0.0) 0.4C (0.0 0.5B (0.0)
2 NHCL 1.7A (0.1) 1.3B (0.1) 0.7C (0.2) 0.7C (0.1)
Oxi-Cl 70.9A (0.0) 35.5B (0.0) 28.4C (0.0) 17.7D (0.0)
cr 120.4A (0.5) 99.8B (0.5) 129.7A (7.4) 1223A (2.2)
ClO 30.0A (0.0 24.6B (0.8) 20.8C (0.4) 17.6D (0.6)
Free Cl 15.3A (0.1) 8.8B (0.1) 7.2C (0.2) 44D (0.4)
NHCl1 1.6A (0.1) 0.7B (0.0) 0.2C (0.0 0.2C (0.0)
% NHCl, 2.3A (0.0) 1.2B (0.0) 1.2B (0.0) 0.9C (0.0)
Oxi-Cl 105.5A (3.8) 57.5B (1.1) 52.3B (1.2) 37.4C (2.3)
cr 145.0A (5.9) 167.3B (44) 162.0B (1.8) 162.3B (1.5)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 16. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of chicon

(Unit : ppm)
Chlorine Immersion time (min)
ClOs .
species 0 10 20 30
ClO, 10.0A (0.0)" 9.8B (0.1) 9.3C (0.1) 9.0D (0.1)
Free Cl 3.5A (1.0) 21AB (0.3) 1.2B (0.1) 0.8B (0.1)
NHCl1 0.6A (0.0) 0.3B (0.0) 0.2C (0.0 0.1D (0.1)
10 NHCL 0.6B (0.0) 0.5C (0.0) 0.5C (0.0) 0.8A (0.0)
Oxi-Cl 35.2A (0.5) 13.8B (0.6) 7.1C (0.1) 3.7D (0.1)
cr 106.1A (0.6) 105.6A (1.3) 105.2A (1.9) 106.0A (0.8)
ClO, 20.1A (0.1) 17.4B (0.8) 14.6C (0.6) 13.1D (0.1)
Free Cl 8.3A (0.4) 5.3B (0.3) 4.7B (0.2) 3.1C (0.1)
NHCl1 0.9A (0.0) 0.7B (0.1) 0.4C (0.1) 0.4C (0.0)
2 NHCL 1.6A (0.0) 0.7B (0.1) 0.8B (0.0) 0.5C (0.0)
Oxi-Cl 71.5A (0.8) 36.9B (3.0) 29.3C (1.2) 21.9D (0.8)
cr 119.5A (1.7) 1241A (6.2) 121.1A (0.5) 127.0A (1.2)
ClO, 30.1A (0.1) 24.6B (0.6) 21.2C (0.3) 17.9D (0.1)
Free ClI 14.2A (0.2) 74B (0.4) 6.1C (0.1) 51D (0.1)
NHCl 1.5A (0.0) 0.5B (0.0) 0.6B (0.1) 0.5B (0.0)
» NHCL 2.3A (0.1) 1.8B (0.1) 1.6B (0.0) 1.3C (0.1)
Oxi-Cl 96.1A (0.5) 63.9B (4.9) 47.2C (1.5) 36.9D (1.9)
cr 150.8A (2.3) 149.6A (0.7) 148.8A (0.4) 147.9A (1.7)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 17. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of sesame leaf

(Unit : ppm)
Chlorine Immersion time (min)
ClO .
species 0 10 20 30
ClO, 10.0A (0.1)" 7.7B (0.4) 5.3C (0.4) 3.1D (0.1)
Free Cl 3.9A (0.1) 1.1B (0.1) 1.1B (0.1) 0.1C (0.1)
NHCl 0.5A (0.0) 0.2B (0.2) 0.2B (0.1) 0.1B (0.1)
10 NHCL 0.8A (0.0) 0.3B (0.0) 0.5B (0.1) 0.5C (0.1)
Oxi-Cl 28.8A (0.5) 7.8C (1.0) 13.0B (1.8) 3.7D (0.1)
cr 100.1AB (0.9) 98.9B (0.7) 104.6A (2.7) 97.6B (2.5)
ClO, 20.1A (0.1) 9.4B (0.6) 6.2C (0.3) 41D (0.1)
Free Cl 9.1A (0.2) 2.5B (0.1) 0.9C (0.0) 0.4D (0.0)
NHCl1 0.9A (0.0) 0.2B (0.1) 0.1B (0.0 0.1B (0.0)
2 NHCL 1.6A (0.1) 0.5D (0.0) 0.7C (0.1) 0.9B (0.1)
Oxi-Cl 66.9A (0.7) 26.6B (2.5) 7.2C (0.1) 6.8C (0.5)
cr 132.7A (3.1) 127.3AB (0.8) 132.7A (3.2)  123.1B (3.3)
ClO 30.1A (0.1) 14.1B (0.1) 6.4C (0.6) 5.9C (0.1)
Free Cl 13.2A (0.1) 5.4B (0.3) 0.7C (0.1) 1.1C (0.1)
NHCl1 3.1A (0.1) 1.1B (0.8) 0.2B (0.0) 0.3B (0.4)
» NHCL 42A (0.1) 1.3B (0.4) 0.5C (0.4) 1.3BC (0.2)
Oxi-Cl 94.7A (6.3) 3498 (0.9) 3.7C (0.1) 10.4C (0.3)
cr 158.3A (3.0) 153.5A (3.9) 152.2A (10.0)  153.2A (4.2)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 18. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of kale

(Unit : ppm)
Chlorine Immersion time (min)
ClO .
species 0 10 20 30
ClO, 10.0A (0.1)" 6.2B (0.3) 41C (0.1) 3.4C (0.5)
Free Cl 5.0A (0.1) 2.2B (0.1) 1.7C (0.0) 1.1D (0.1)
NHCl 0.5A (0.0) 0.3B (0.0) 0.1C (0.0) 0.1C (0.0)
10 NHCl 0.8A (0.0) 0.5B (0.0) 0.5B (0.0) 0.5B (0.0)
Oxi-Cl 31.3A (0.7) 24.9B (0.3) 17.3C (0.4) 17.2C (0.0)
cr 91.2A (1.3) 91.8A (0.8) 90.8A (0.6) 90.6A (2.1)
ClO; 20.1A (0.1) 9.0B (0.1) 5.9C (0.1) 41D (0.1)
Free ClI 9.5A (0.2) 4.5B (0.4) 2.2C (0.1) 2.0C (0.2)
NHCl 0.9A (0.0) 0.4B (0.0 0.3C (0.0) 0.1D (0.0)
2 NHCl 1.5A (0.0) 0.5B (0.0) 0.3C (0.0) 0.5B (0.1)
Oxi-Cl 67.8A (0.6) 35.3B (0.4) 31.9C (0.0) 22D (0.1)
cr 119.7A (1.5) 120.0A (1.1) 119.1A (23) 118.5A (3.2)
ClO, 30.0A (0.1) 15.0B (0.3) 10.0C (1.1) 7.1D (0.4)
Free Cl 14.3A (0.1) 6.5B (0.1) 41C (0.1) 2.3D (0.3)
NHCl 3.4A (0.1) 0.6B (0.1) 0.4BC (0.0) 0.3C (0.0)
% NHCl, 42A (0.0) 1.3B (0.0) 1.1C (0.1) 0.8D (0.0)
Oxi-Cl 93.1A (3.7) 62.3B (2.1) 50.2C (0.8) 34.8D (1.0)
cr 155.2A (1.4) 155.5A (1.0) 155.9A (0.5) 153.5A (3.9)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 19. Changes in concentrations of chlorine species in 10~30 ppm aqueous

ClO; during immersion washing of cucumber

(Unit : ppm)
Aqueous Chlorine Immersion time (min)

ClOx(ppm)  species 0 10 20 30
ClO; 10.0" 10.0 9.0 8.0

Free Cl 5.6 3.4 3.7 2.8

NH,CI 0.6 0.3 0.3 0.2

10 NHCl, 0.7 0.8 0.4 0.5
Oxi-Cl 35.5 28.4 24.8 24.8

Ccr 99.4 92.3 99.4 99.4

ClO; 20.0 16.0 15.0 14.0

Free Cl 8.3 6.6 5.0 5.6

NHCI 0.6 0.6 0.3 0.2

20 NHCl, 0.9 0.8 0.5 0.6
Oxi-Cl 60.3 53.2 46.1 46.1

cr 120.7 127.8 120.7 120.7

ClO; 30.0 24.0 21.0 20.0

Free Cl 13.2 9.5 9.4 8.3

NH,CI 1.0 0.6 0.8 0.3

. NHCL, 1.5 1.1 1.1 0.8
Oxi-Cl 88.6 77.9 70.9 425

cr 156.2 156.2 156.2 156.2

1

common letter are not significantly different (p=0.05).
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Table 20. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of cherry tomato

(Unit : ppm)
Chlorine Immersion time (min)
ClO, .
species 0 10 20 30
ClOs 10.1A (0.1)" 10.0A (0.1) 9.9A (0.1) 9.8A (0.3)
Free Cl 4.0A (0.4) 4.0A (0.2) 4.6A (0.1) 42A (0.1)
10 NHxCI 0.5A (0.0) 0.4B (0.0) 0.2C (0.0) 0.4B (0.0)
NHCL 0.5A (0.0) 0.6A (0.1) 0.6A (0.0) 0.5A (0.0)
Oxi-Cl 36.3A (1.1) 37.0A (2.8) 35.0A (1.6) 35.2A (0.5)
cr 98.1A (1.9) 94.3A (2.8) 95.0A (6.3) 95.5A (5.5)
ClOs 20.0A (0.2) 19.9A (0.1) 18.5B (0.3) 18.4B (0.2)
Free Cl 8.2A (0.3) 7.7A (0.3) 7.6A (0.2) 7.8A (0.4)
20 NHxCI 0.8A (0.0) 0.4C (0.0 0.4C (0.0) 0.6B (0.0)
NHCL 1.3A (0.0) 1.3A (0.0) 0.9C (0.0) 1.1B (0.0)
Oxi-Cl 67.3A (1.6) 66.0A (4.5) 66.1A (1.3) 67.6A (0.8)
cr 120.4A (1.9) 120.1A (2.8) 118.7A (47) 118.8A (5.6)
ClOs 30.0A (0.1) 28.3B (0.4) 27.4B (0.5) 26.2C (0.3)
Free Cl 14.3A (0.8) 12.8AB (0.6) 114B (0.7) 12.4AB (0.7)
NHxCI 1.4A (0.0) 1.3B (0.0) 0.9C (0.0) 1.2D (0.0)
NHCL 3.3A (0.0) 1.8C (0.0) 1.7D (0.0) 2.2B (0.0)
Oxi-Cl 97.3AB (2.8) 96.6AB (1.3) 99.7A (0.6) 94.8B (1.3)
cr 154.5A (5.2) 156.0A (1.8)  156.0A (0.1) 156.0A (4.7)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 21. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of mandarine orange

(Unit : ppm)
Chlorine Immersion time (min)
ClO, _
species 0 10 20 30
ClO, 10.1A (0.1)" 10.0A (0.1) 9.9A (0.1) 8.9B (0.1)
Free Cl 4.5A (0.1) 4.5A (0.0) 4.6A (0.1) 3.8B (0.0)
NHCI 0.4A (0.0 0.2B (0.1) 0.3B (0.0) 0.2B (0.0)
NHCIL, 0.9A (0.0 0.8B (0.0) 0.6C (0.0) 0.4D (0.0)
Oxi-Cl 32.4A (0.6) 34.8AB (1.0) 31.4B (0.8) 27.6C (1.2)
Cr 77.0B (1.6) 89.5A (4.0) 85.8AB (3.4) 93.8A (4.7)
ClO, 20.1A (0.1) 19.3AB (0.4) 17.9BC (0.1) 17.6C (0.6)
Free Cl 8.1A (0.1) 7.8A (0.0) 7.5B (0.0) 7.4B (0.0)
NHCI 0.7A (0.0 0.8A (0.0) 0.4B (0.0) 0.5B (0.0)
NHCI, 1.1A (0.0 0.9AB (0.0) 0.9AB (0.0) 0.7B (0.0)
Oxi-Cl ~ 56.0AB (1.0)  53.7AB (0.6) 56.2A (0.8) 52.3B (1.3)
Cr 111.2A (6.6) 118.7A (2.8) 1159A (3.2) 117.8A (4.1)
ClO, 30.1A (0.1) 27.6B (0.6)  26.6BC (0.6) 26.1C (0.1)
Free Cl 13.2A (0.3) 12.3A (0.1) 10.5A (0.6) 10.5A (2.0)
NHCI 0.8B (0.0) 0.5D (0.0) 0.6C (0.0) 1.1A (0.0
NHCI, 1.5A (0.0) 1.3B (0.0) 0.9C (0.0) 1.3B (0.0)
Oxi-Cl 94.3A (2.1) 94.7A (1.4) 97.8A (2.1) 95.7A (0.0)
Cr 157.2A (1.4)  155.2A (14) 156.0A (0.3)  156.1A (0.1)

1)

Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 22. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of strawberry

(Unit : ppm)
ClO, Chlorine Immersion time (min)
(ppm) species 0 10 20 30
ClOs 10.0A (0.0)" 9.9A (0.1) 8.9B (0.3) 8.3C (0.2)
Free Cl 45A (0.1) 3.4B (0.3) 3.1BC (0.1) 2.9C (0.2)
NH-CI 0.5A (0.0 0.4B (0.0 0.2C (0.0) 0.0D (0.0)
10 NHCL 0.5B (0.0) 0.4C (0.0) 0.4C (0.0) 0.7A (0.0
Oxi-Cl 38.8A (0.9) 28.3B (0.2) 23.6C (1.7) 16.6D (1.6)
cr 1204A (0.5) 1179AB (4.0) 112.0B (2.3) 114.2AB (0.8)
ClO; 20.0A (0.0) 17.1B (0.4) 14.9C (0.3) 14.2C (0.5)
Free Cl 7.6A (0.4) 6.1B (0.1) 5.3BC (0.2) 4.5C (0.4)
NHCl1 0.7A (0.0 0.2C (0.0 0.3B (0.0) 0.0D (0.0)
2 NHCL 1.3A (0.0) 0.5C (0.0) 0.9B (0.0) 0.5C (0.0)
Oxi-Cl 67.1A (0.4) 41.5B (1.4) 31.6C (4.5) 32.8C (3.8)
cr 120.6A (1.6) 119.1A (3.3) 1193A (1.2) 118.2A (1.8)
ClOs 30.0A (0.0) 26.6B (0.8) 24.6C (0.8) 21.4D (0.6)
Free Cl 12.4A (0.4) 9.2B (0.3) 9.2B (0.3) 8.1C (0.1)
NHCl 0.5C (0.0) 0.6B (0.0) 0.3D (0.0) 0.8A (0.0)
* NHCL 1.2A (0.0) 0.9C (0.0) 0.8D (0.0) 1.0B (0.0)
Oxi-Cl 88.6A (0.8) 58.2B (7.1) 58.8B (7.1) 35.5C (5.1)
cr 160.7A (6.4) 155.8A (0.6) 154.0A (7.3) 153.4A (4.0)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Table 23. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during disinfection of apple

(Unit : ppm)
CIO,  Chlorine Immersion time (min)
(ppm) species 0 10 20 30

ClOs 10.0A (0.0)" 9.9A (0.1) 9.8A (0.1) 8.7B (0.4)

Free Cl 47A (0.3) 4.8A (0.1) 4.2B (0.2) 41B (0.1)

NHCl 0.3C (0.0 0.5A (0.0) 0.4B (0.0) 0.2D (0.0)

10 NHCI 1.1A (0.0) 0.9B (0.0) 0.7C (0.0 0.7C (0.0
Oxi-Cl 37.5A (2.2) 33.5A (2.8) 27.2B (1.7) 24.3B (0.7)

Ccr 99.4A (0.0) 99.4A (0.0 92.3B (0.0) 99.4A (0.0)

ClO; 20.0A (0.0 19.9A (0.2) 18.9B (0.1) 18.7B (0.4)

Free Cl 8.7A (0.8) 8.2A (0.3) 7.9A (0.1) 74A (0.6)

NHCl 0.5A (0.0 0.2D (0.0) 0.4B (0.0) 0.3C (0.0

2 NHCl 1.1A (0.0) 0.8B (0.0) 0.7C (0.0 0.8B (0.0)
Oxi-Cl 63.9A (0.1) 51.8B (2.1)  48.8BC (1.1) 43.4C (3.9)

cr 120.1A (0.9) 121.5A (89) 119.0A (2.5) 114.8A (8.4)

ClO, 30.0A (0.0) 28.1B (0.1) 26.8C (0.4) 26.7C (0.4)

Free Cl 13.3A (0.4) 12.4B (0.2) 13.7A (0.1) 11.0C (0.2)

NHCl 1.2A (0.0) 0.8B (0.0) 0.8B (0.0) 0.8B (0.0)

» NHCl 1.8B (0.0) 1.2C (0.0) 2.2A (0.0 1.0D (0.0)
Oxi-Cl 81.3A (1.6) 72.1B (1.6) 63.3C (0.7) 60.1C (1.7)

cr 155.2A (1.4) 1559A (0.4)  149.8B (0.9) 152.1AB (2.3)

Y Data represent means(standard deviations) of three measurements. Values in

the row sharing a common letter are not significantly different (p=0.05).
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Fig. 23. Changes in concentration of ClO, in ACD (aqueous chlorine dioxide)
during disinfection of leafy lettuce. ClO. concentrations were 10 ppm
(O), 30 ppm ([J), 50 ppm (2) and 100 ppm (). Data represent means
of three replications #standard deviations.
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Fig. 24. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of leafy lettuce. ClO, concentrations were 10 ppm
(O), 30 ppm ([J), 50 ppm (£) and 100 ppm (<>). Data represent means
of three replications tstandard deviations.
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Fig. 25. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of leafy lettuce. ClO. concentrations were 10 ppm
(O), 30 ppm ([J), 50 ppm (£) and 100 ppm (). Data represent means
of three replications #standard deviations.
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Fig. 26. Changes in concentration of pH in ACD (aqueous chlorine dioxide)
during disinfection of leafy lettuce. ClO, concentrations were 10 ppm
(O), 30 ppm ([J), 50 ppm (£) and 100 ppm (<>). Data represent means
of three replications tstandard deviations.
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Fig. 27. Changes in concentration of ClO; in ACD (aqueous chlorine dioxide) during
disinfection of cut leafy lettuce. ClO, concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (4£) and 100 ppm (). Data represent means of three
replications tstandard deviations.
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Fig. 28. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of cut leafy lettuce. ClO, concentrations were 10 ppm
(O), 30 ppm ([J), 50 ppm (£) and 100 ppm (). Data represent means of
three replications tstandard deviations.
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Fig. 29. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of cut leafy lettuce. ClO, concentrations were 10 ppm

(©), 30 ppm (L), 50 ppm (£) and 100 ppm (). Data represent means of
three replications +standard deviations.
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Fig. 30. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of cut leafy lettuce. ClO, concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (£) and 100 ppm (). Data represent means of three
replications tstandard deviations.
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Fig. 31. Changes in concentration of ClIO, in ACD (aqueous chlorine dioxide) during
disinfection of chicon. ClO, concentrations were 10 ppm (O), 30 ppm (LJ),

50 ppm (4A) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 32. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of chicon. ClO, concentrations were 10 ppm (O), 30
ppm (LJ), 50 ppm (£) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 33. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of chicon. ClO, concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (£) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 34. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of chicon. ClO, concentrations were 10 ppm (O), 30 ppm (L)),
50 ppm (4A) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 35. Changes in concentration of ClIO; in ACD (aqueous chlorine dioxide) during
disinfection of cut chicon. ClO, concentrations were 10 ppm (O), 30 ppm
(), 50 ppm (£) and 100 ppm (<). Data represent means of three
replications #standard deviations.
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Fig. 36. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of cut chicon. ClO; concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (4A) and 100 ppm (). Data represent means of three
replications tstandard deviations.
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Fig. 37. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of cut chicon. ClO; concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (4) and 100 ppm (). Data represent means of three
replications tstandard deviations.
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Fig. 38. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of cut chicon. ClO, concentrations were 10 ppm (O), 30 ppm
(L)), 50 ppm (&) and 100 ppm (<>). Data represent means of three
replications tstandard deviations.
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Fig. 39. Changes in concentration of ClO; in ACD (aqueous chlorine dioxide) during
disinfection of sesame leaf. ClO, concentrations were 10 ppm (O), 30 ppm
(), 50 ppm (£A) and 100 ppm (<). Data represent means of three
replications tstandard deviations.
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Fig. 40. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of sesame leaf. ClO, concentrations were 10 ppm (O),
30 ppm ([J), 50 ppm (£) and 100 ppm (<). Data represent means of three
replications tstandard deviations.
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Fig. 41. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of sesame leaf. ClO, concentrations were 10 ppm (O),
30 ppm ([J), 50 ppm (£) and 100 ppm (<). Data represent means of three
replications tstandard deviations.
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Fig. 42. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of sesame leaf. ClO, concentrations were 10 ppm (O), 30 ppm
(), 50 ppm (£) and 100 ppm (<). Data represent means of three
replications tstandard deviations.
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Fig. 43. Changes in concentration of ClIO; in ACD (aqueous chlorine dioxide) during
disinfection of cut sesame leaf. ClO, concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (£) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 44. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of cut sesame leaf. ClO, concentrations were 10 ppm
(O), 30 ppm (L), 50 ppm (£) and 100 ppm (). Data represent means of
three replicationststandard deviations.
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Fig. 45. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of cut sesame leaf. ClO, concentrations were 10 ppm

(©), 30 ppm (L), 50 ppm (£) and 100 ppm (). Data represent means of
three replicationststandard deviations.
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Fig. 46. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of cut sesame leaf. ClO, concentrations were 10 ppm (O), 30
ppm (LJ), 50 ppm (£) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 47. Changes in concentration of ClO, in ACD (aqueous chlorine dioxide) during
disinfection of kale. ClO, concentrations were 10 ppm (O), 30 ppm (L), 50
ppm (4) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 48. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of kale. ClO, concentrations were 10 ppm (O), 30 ppm
(), 50 ppm (£) and 100 ppm (<). Data represent means of three
replicationststandard deviations.
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Fig. 49. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of kale. ClO, concentrations were 10 ppm (O), 30 ppm
(L)), 50 ppm (&) and 100 ppm (<>). Data represent means of three
replicationststandard deviations.
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Fig. 50. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of kale. ClO, concentrations were 10 ppm (O), 30 ppm (L), 50
ppm (4) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 51. Changes in concentration of ClIO; in ACD (aqueous chlorine dioxide) during
disinfection of cut kale. ClO, concentrations were 10 ppm (O), 30 ppm
(), 50 ppm (£A) and 100 ppm (<). Data represent means of three
replicationststandard deviations.
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Fig. 52. Changes in concentration of chlorite in ACD (aqueous chlorine dioxide)
during disinfection of cut kale. ClO, concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (4) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 53. Changes in concentration of chlorate in ACD (aqueous chlorine dioxide)
during disinfection of cut kale. ClO, concentrations were 10 ppm (O), 30
ppm ([J), 50 ppm (£) and 100 ppm (). Data represent means of three
replicationststandard deviations.
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Fig. 54. Changes in concentration of pH in ACD (aqueous chlorine dioxide) during
disinfection of cut kale. ClO, concentrations were 10 ppm (O), 30 ppm
(), 50 ppm (£A) and 100 ppm (<). Data represent means of three
replicationststandard deviations.
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ojitstd AE F7IEA Y Rhgote] MEE R 4elxl THMs (trihalomethanes)E
33 3kA] %31, ammonia®} HES-3FO] chloroamines A3+ e Ao= <A
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Har vt 58 Aol 0oiA chlorinationo] whe WA L2213} 3}etE A
+  chloroform, bromodichloromethane, chlorodibromomethane, bromoform,
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haloalkenes, haloacetic acids, haloacetonitriles, haloketones, haloaldahydes -5
halogenated DBPs(disinfection by-products)’} =24 02 F4H=HJAom, A4LE A
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dichlorobromomethane©] AEHAoH, ol M= 60~113 ppb]
dibromochloromethane®] A=At 18y 2HLF AlgdF+ EFo]A bromoform
= 74%ﬂ7<] katt). o]itsd Ao A= dTEA FETE AFESIS o, o
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Table 24. Changes in THMSs concentration of ACD (aqueous chlorine dioxide)

during disinfection of leafy lettuce

ClO, Time THMs (ppb)”

(ppm)  (Min)  Chloroform br([))rirsrlrlllgtrlr?a—ne Dibﬁgﬁ;ioro— Bromoform
0 469A 104A ND? ND
10 574B 90A 60A ND

10 20 573B 136B 78A ND
30 695C BA 113B ND
0 809A 131AB ND ND
10 775A 158A 81A ND

%0 20 690A 154AB 101A ND
30 763A 88B 95A ND
0 556 A 132A ND ND
10 691B 130A ND ND

>0 20 652AB 117A 102A ND
30 703B 122A 96A ND
0 630A 150A ND ND
10 706A 146A 62A ND

100 20 696A 129B 83A 268A
30 653A 110C 86A 210B

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected.
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Table 25. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)

during disinfection of chicon

ClO,  Time THMs (ppb)”

(ppm)  (min) Chloroform brc?lilcr}rl}gtli?a—ne Dibigg}?;rllleoro- Bromoform
0 613A 110A ND? ND
10 546 A 112A ND ND

10 20 576 A 104A ND ND
30 556A 90A ND ND
0 568A 88A ND ND
10 547 A 95A ND ND

30 20 563A 94A ND ND
30 607A 106A ND ND
0 652A 106A ND ND
10 585B 102A ND ND

>0 20 620AB 95A ND ND
30 572B 101A ND ND
0 649A 130A ND ND

- 10 594 A 129A ND ND
20 688A 131A ND ND
30 684A 125A ND ND

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected.
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Table 26. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)

during disinfection of sesame leaf

ClO,  Time THMs (ppb)”

(ppm) (min)  Chloroform —brg)rifrlrlllgtr}?ane Dibﬁgﬁ;ioro- Bromoform
0 887A 173A ND? ND
10 897A 140AB ND ND

10 20 925A 126B ND ND
30 943A 125B ND ND
0 964A 124A ND ND
10 933A 125A ND ND

. 20 933A 119A ND ND
30 930A 119A ND ND
0 701A 103A ND ND

5 10 769AB 107A ND ND
20 747AB 109A ND ND
30 760B 106A ND ND
0 801A 143A ND ND
10 1,044B 115A ND ND

100 20 1,057B 130A ND ND
30 1,139B 124A ND ND

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected.
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Table 27. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)

during disinfection of kale

ClO, Time THMs (ppb)”

(ppm) (min)  Chloroform —brg)rifrlrlllgtr}?ane Dibﬁgﬁ;ioro- Bromoform
0 856A 110A ND? ND
10 865A 101A ND ND

10 20 838A 100A ND ND
30 843A 94A ND ND
0 872A 98A ND ND
10 762A 90A ND ND

. 20 811A 87A ND ND
30 832A 84A ND ND
0 712A 129A ND ND
10 725A 135A ND ND

>0 20 768AB 124A ND ND
30 825B 117A ND ND
0 783A 127A ND ND

100 10 732A 120A ND ND
20 736A 123A ND ND
30 773A 118A ND ND

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected.
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Table 28. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)

during disinfection of mandarine orange

ClO, Time THMs (ppb)”

(ppm)  (min) Chloroform br([))rirsrlrlllgtrlr?a—ne Dibﬁgﬁ;ioro— Bromoform
0 523A 93A ND? ND
10 473B 73A ND 1,208A

10 20 648C 117A ND 1,529A
30 539A 107A ND 1,542A
0 621A 93A ND ND
10 609A 94A ND 1,077A

. 20 571AB 82A ND 1,138A
30 477B 88A ND 1,204A
0 545A 109A ND ND
10 530A 98A ND 1,074A

>0 20 503A 85A ND 1,105A
30 490A 95A ND 1,065A
0 505A 101A ND ND

100 10 489A 110A ND 1,692A
20 486A 98A ND 1,699A
30 504A 113A ND 1,670A

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
% Not detected.
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Table 29. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)

during disinfection of cherry tomato

ClO,  Time THMs (ppb)”

(ppm)  (min) Chloroform brc?lilcr}rl}gtli?a—ne Dibigg}?;rllleoro- Bromoform
0 571A 129A ND? ND
10 472A 123A ND ND

10 20 543A 174AB 61A ND
30 573A 157B 88B ND
0 591A 133A ND ND
10 568A 124A ND ND

%0 20 578A 120A 57A ND
30 607A 152A 71A ND
0 624A 165A ND ND
10 602A 147A ND ND

>0 20 629A 134A 82A ND
30 595A 130A 79A ND
0 591A 163A ND ND

100 10 725A 161A ND ND
20 630A 122B 89A 16A
30 543A 102B 81A 158B

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected.
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Table 30. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)

during disinfection of strawberry

ClO,  Time THMs (ppb)”

(ppm)  (min) Chloroform brc?gr}rl}gtli?a_ne Dibigg}?;rllleoro- Bromoform
0 436A 86A ND? ND
10 475A 82A ND ND

10 20 468A 79A ND ND
30 480A 81A ND ND
0 510A 97A ND ND
10 521A 86A ND ND

%0 20 501A 79A ND ND
30 508A 82A ND ND
0 593A 103A ND ND
10 541A 86A ND ND

>0 20 572A 91A ND ND
30 580A 90A ND ND
0 706 A 120A ND ND

100 10 725A 82B ND ND
20 639A 103A ND ND
30 660A 90B ND ND

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected.
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Table 31. Changes in THMSs concentration in ACD (aqueous chlorine dioxide)
during disinfection of apple

ClO,  Time THMs (ppb)”

(ppm)  (min) Chloroform brc?gr}rl}gtli?a_ne Dibigg}?;rllleoro- Bromoform
0 542A 103A ND? ND
10 455AB 105A ND ND

10 20 472AB 90A ND ND
30 418B 79A ND ND
0 524A 110A ND ND
10 537A 98A ND ND

%0 20 566A 9BA ND ND
30 532A 94A ND ND
0 589A 96A ND ND

5 10 509A BA ND ND
20 490A 96A ND ND
30 448A 99A ND ND
0 631A 118A ND ND

100 10 396B 89B ND ND
20 510AB 107AB ND ND
30 505AB 98B ND ND

Y Data represent means of three measurements. Values in the column sharing a
common letter are not significantly different (p=0.05).
? Not detected
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Table 32. Changes in haloacetic acids(HAAs) concentration in ACD(aqueous

chlorine dioxide) during disinfection of leafy lettuce.

102 Immersion HAAs (ppb)
time (min)  cAA  BAA DCAA TCAA BCAA DBAA
0 0.0" 81.7 16.2 51.8 0.0 0.0
10 10.5 90.6 17.7 33.9 16.1 17.0
v 20 24.3 83.3 12.8 20.7 13.2 16.9
30 27.2 89.1 14.9 465 21.7 10.4
0 36.1 14.8 20.6 18.4 14.4 15.1
10 15.0 226 418 11.9 11.2 48
» 20 21.7 37.9 67.0 29.5 17.1 6.1
30 0.0 23.1 55.4 11.8 23.8 15.8
0 454 38.7 96.8 35.2 28.7 12.6
10 83.2 418 462 31.6 11.9 67.4
> 20 12.3 64.5 58.5 24.1 14.4 29.7
30 45.0 13.3 252 15.7 73.6 17.3
0 483 75.2 26.3 26.3 84.2 24.0
10 28.4 66.9 30.4 21.3 14.1 32.7
100
20 425 41.0 58.1 493 17.4 481
30 39.0 423 17.2 66.6 25.1 50.7

1
) Data represent means of three measurements.
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Table 33. Changes in haloacetic acids(HAAs) concentration in ACD(aqueous

chlorine dioxide) during disinfection of kale.

102 Immersion HAAs (ppb)
time (min)  cAA  BAA DCAA TCAA BCAA DBAA
0 0.0" 0.0 18.1 87.9 0.0 0.0
10 0.0 0.0 36.4 28.7 21.4 16.1
v 20 0.0 0.0 56.9 99.0 0.0 0.0
30 0.0 0.0 9.6 215.1 68.2 0.0
0 0.0 0.0 202 215 69.3 0.0
10 0.0 0.0 17.1 15.2 62.3 0.0
» 20 0.0 0.0 94.6 471 223 18.2
30 0.0 0.0 77.5 30.3 68.7 0.0
0 0.0 0.0 213 25.1 7.1 0.0
10 0.0 0.0 19.3 24.9 68.0 0.0
> 20 0.0 0.0 79.8 50.7 27.6 73.1
30 0.0 0.0 80.3 429 79.0 0.0
0 0.0 0.0 30.0 58.5 97.3 0.0
10 0.0 0.0 22.0 59.6 82.3 83.5
100
20 0.0 0.0 87.2 81.6 68.0 0.0
30 0.0 0.0 89.6 75.0 69.6 0.0

1
) Data represent means of three measurements.
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Fig. 55. Changes of total microbial counts of kale during immersion cleaning in
30 ppm aqueous ClO. with different concentration of acetic acid.
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Fig. 56. Changes of total microbial counts of kale during immersion cleaning in
30 ppm aqueous ClO. with different concentration of acetic acid.
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Fig. 57. Changes of total microbial counts of kale during immersion cleaning in
30 ppm aqueous ClO. with different concentration of malic acid.
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Table 34. Changes in concentrations of chlorine species in 30 ppm aqueous ClO»
with different concentration of acetic acid during immersion washing of

kale
(Unit : ppm)
: . Chlorine Acetic acid (%)
Time (min) .

species 0 0.5 1
ClO; 30.0" 30.0 30.0

Free Cl 1.3 1.3 14

" NH,Cl 0.2 0.2 0.2
NHCl, 0.3 0.3 0.3

Oxi-Cl 23 2.3 23

cr 2.0 2.0 2.0
ClO; 16.0 17.0 17.0
Free Cl 0.7 0.8 0.97
10 NH,Cl ND ND ND
NHCI, 0.1 0.17 0.18

Oxi-Cl 1.7 1.6 1.5
cr 2.0 ND ND
ClO; 13.0 13.0 14.0

Free Cl 0.6 0.6 0.7
20 NH,Cl 0.1 ND ND
NHCI, 0.1 0.2 0.1

Oxi-Cl 15 1.3 1.3
cr 2.1 ND ND
ClO; 11.0 11.0 11.0

Free Cl 0.6 0.5 0.5
NH,Cl ND ND ND

30 NHCl, 0.1 0.1 0.2
Oxi-Cl 13 1.1 1.1
cr 2.2 ND ND

YAl results are presented as mean of triplicate.
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Table 35. Changes in concentrations of chlorine species in 30 ppm aqueous ClO»
with different concentration of citric acid during immersion washing of

kale
(Unit : ppm)
Chlorine Citric acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 2.0 2.0 2.0
0 NH-Cl 0.7 0.7 0.7
NHCI, 0.6 0.6 0.6
Oxi-Cl 2.3 2.3 2.3
cr 1.8 1.8 1.8
ClO; 26.0 25.0 24.0
Free Cl 1.3 1.3 1.2
10 NH-Cl 0.1 ND ND
NHCl, 0.1 0.2 0.2
Oxi-Cl 2.1 1.9 1.8
cr 1.9 ND ND
ClO; 25.0 23.0 22.0
Free Cl 1.0 1.3 1.5
20 NH:Cl 0.3 0.0 0.0
NHCl, 0.3 0.2 0.2
Oxi-Cl 2.0 1.6 1.2
cr 1.8 ND ND
ClO; 24.0 22.0 22.0
Free Cl 1.0 1.1 1.3
30 NH:Cl 0.1 ND 0.0
NHClI, 0.1 0.1 0.2
Oxi-Cl 1.8 1.5 15
cr 1.8 ND ND

YAl results are presented as mean of triplicate.
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Table 36. Changes in concentrations of chlorine species in 30 ppm aqueous ClO»
with different concentration of malic acid during immersion washing of

kale
(Unit : ppm)
Chlorine Malic acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 1.6 1.6 1.6
0 NH-Cl 0.3 0.25 0.25
NHCI, 0.4 04 0.4
Oxi-Cl 24 24 24
cr 2.0 2.0 2.0
ClO; 13.0 8.0 10.0
Free Cl 0.9 0.8 0.7
10 NH-Cl 0.1 ND ND
NHCl, 0.3 0.3 0.2
Oxi-Cl 1.6 04 0.5
cr 1.9 ND ND
ClO; 8.0 5.0 6.0
Free Cl 0.6 0.6 0.4
20 NH:Cl ND ND ND
NHCl, 0.3 0.3 0.2
Oxi-Cl 1.0 0.3 0.3
cr 1.8 ND ND
ClO; 5.0 4.0 4.0
Free Cl 0.5 0.3 0.3
30 NH:Cl ND ND ND
NHClI, 0.4 0.3 0.1
Oxi-Cl 0.6 0.2 0.1
cr 1.7 ND ND

YAl results are presented as mean of triplicate.
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Fig. 58. Changes of total microbial counts of strawberry during immersion

cleaning in 30 ppm aqueous ClO., with different concentration of acetic

acid.
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Fig. 60. Changes of total microbial counts of strawberry during immersion

cleaning in 30 ppm aqueous ClO, with different concentration of malic
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Table 37. Changes in concentrations of chlorine species in 30 ppm aqueous ClO»
with different concentration of acetic acid during immersion washing of

strawberry
(Unit : ppm)
Chlorine Acetic acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 1.2 1.2 1.2
0 NH-Cl 0.1 0.1 0.1
NHCI, 0.2 0.2 0.2
Oxi-Cl 2.0 2.0 2.0
cr 2.0 2.0 2.0
ClO; 16.0 11.0 10.0
Free Cl 0.7 0.7 0.6
10 NH-Cl 0.1 ND ND
NHCl, 0.2 0.1 0.1
Oxi-Cl 1.8 1.1 1.2
cr 21 ND ND
ClO; 15.0 11.0 10.0
Free Cl 0.5 0.5 0.5
20 NH:Cl 0.1 ND ND
NHCl, 0.1 0.1 0.1
Oxi-Cl 1.6 1.1 1.0
cr 2.1 ND ND
ClO; 12.0 10.0 7.0
Free Cl 0.4 04 0.4
30 NH:Cl 0.1 ND ND
NHClI, 0.1 0.1 0.1
Oxi-Cl 14 1.1 0.8
cr 2.1 ND ND

YAl results are presented as mean of triplicate.
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Table 38. Changes in concentrations of chlorine species in 30 ppm aqueous ClO»
with different concentration of citric acid during immersion washing of

strawberry
(Unit : ppm)
Chlorine Citric acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 2.0 2.0 2.0
0 NH-Cl 0.7 0.7 0.7
NHCI, 0.6 0.6 0.6
Oxi-Cl 2.3 2.3 2.3
cr 1.8 1.8 1.8
ClO; 26.0 25.0 24.0
Free Cl 1.3 1.3 1.2
10 NH-Cl 0.1 ND ND
NHCl, 0.1 0.2 0.2
Oxi-Cl 21 1.9 1.8
cr 1.9 ND ND
ClO; 25.0 23.0 22.0
Free Cl 1.0 1.3 15
20 NH:Cl 0.3 ND ND
NHCl, 0.3 0.2 0.2
Oxi-Cl 2.0 1.6 1.2
cr 1.8 ND ND
ClO; 24.0 22.0 22.0
Free Cl 1.0 1.1 1.3
30 NH:Cl 0.1 ND ND
NHClI, 0.1 0.1 0.2
Oxi-Cl 1.8 1.5 1.5
cr 1.8 ND ND

YAl results are presented as mean of triplicate.
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Table 39. Changes in concentrations of chlorine species in 30 ppm aqueous ClO;
with different concentration of malic acid during immersion washing of

strawberry
(Unit : ppm)
Chlorine Malic acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 1.3 1.3 1.3
NH-Cl 0.1 0.1 0.1
0 NHCI2 0.2 0.2 0.2
Oxi-Cl 2.0 2.0 2.0
cr 2.0 2.0 2.0
ClO; 19.0 12.0 12.0
Free Cl 1.1 0.9 0.8
10 NH-Cl 0.1 ND ND
NHCl, 0.2 0.1 0.1
Oxi-Cl 1.8 1.2 1.2
cr 21 ND ND
ClO; 20.0 11.0 11.0
Free Cl 1.1 0.8 0.8
20 NH:Cl 0.1 ND ND
NHCl, 0.2 0.1 0.1
Oxi-Cl 1.8 1.2 1.1
cr 2.1 ND ND
ClO; 18.0 9.0 10.0
Free Cl 0.9 0.5 0.8
30 NH:Cl 0.1 ND ND
NHClI, 0.1 0.1 0.1
Oxi-Cl 1.7 1.1 1.1
cr 2.1 ND ND

YAl results are presented as mean of triplicate.
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Table 40. Changes in concentrations of chlorine species in 30 ppm aqueous ClO;
with different concentration of acetic acid during immersion washing of
cherry tomato

(Unit : ppm)
Chlorine Acetic acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 14 1.4 1.4
0 NH-Cl 0.1 0.1 0.1
NHCI, 0.2 0.2 0.2
Oxi-Cl 2.2 2.2 2.2
cr 2.0 2.0 2.0
ClO; 25.0 25.0 24.0
Free Cl 1.1 1.5 14
10 NH-Cl 0.1 ND ND
NHCl, 0.2 0.2 0.2
Oxi-Cl 1.9 1.9 1.8
cr 21 ND ND
ClO; 25.0 25.0 24.0
Free Cl 1.2 1.3 1.3
20 NH,Cl 0.1 ND ND
NHCl, 0.2 0.3 0.2
Oxi-Cl 1.9 1.8 1.7
cr 2.1 ND ND
ClO; 24.0 24.0 23.0
Free Cl 1.2 1.3 1.3
30 NH,Cl 0.1 ND ND
NHClI, 0.2 0.2 0.3
Oxi-Cl 1.9 1.9 1.8
cr 2.1 ND ND

YAl results are presented as mean of triplicate.
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Table 41. Changes in concentrations of chlorine species in 30 ppm aqueous ClO;
with different concentration of citric acid during immersion washing
of cherry tomato

(Unit : ppm)
Chlorine Citric acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 1.2 1.2 1.2
0 NH-Cl 0.2 0.2 0.2
NHCI, 0.2 0.2 0.2
Oxi-Cl 2.1 2.1 2.1
cr 2.0 2.0 2.0
ClO; 24.0 19.0 18.0
Free Cl 1.0 0.9 0.8
10 NH-Cl 0.1 ND ND
NHCl, 0.1 0.1 0.2
Oxi-Cl 1.9 1.1 0.9
cr 2.0 ND ND
ClO; 23.0 18.0 18.0
Free Cl 1.1 0.9 1.0
20 NH,Cl 0.1 ND ND
NHCl, 0.2 0.1 0.2
Oxi-Cl 1.8 0.8 0.9
cr 2.1 ND ND
ClO; 23.0 17.0 17.0
Free Cl 0.9 0.8 0.9
30 NH,Cl 0.1 ND ND
NHClI, 0.1 0.1 0.2
Oxi-Cl 1.6 1.0 0.9
cr 2.0 ND ND

YAl results are presented as mean of triplicate.
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Table 42. Changes in concentrations of chlorine species in 30 ppm aqueous ClO;
with different concentration of citric acid during immersion washing
of cherry tomato

(Unit : ppm)
Chlorine Malic acid (%)
Time (min) )
species 0 0.5 1
ClO; 30.0" 30.0 30.0
Free Cl 0.6 0.6 0.6
0 NH-Cl 0.1 0.1 0.1
NHCI, 0.2 0.2 0.2
Oxi-Cl 2.1 2.1 2.1
cr 21 2.1 21
ClO; 24.0 18.0 17.0
Free Cl 1.2 0.9 1.0
10 NH-Cl 0.1 ND ND
NHCl, 0.2 0.1 0.2
Oxi-Cl 1.9 0.8 0.8
cr 21 ND ND
ClO; 23.0 17.0 17.0
Free Cl 0.6 0.8 1.0
20 NH:Cl 0.1 ND ND
NHCl, 0.1 0.2 0.2
Oxi-Cl 1.8 0.8 0.8
cr 2.2 ND ND
ClO; 23.0 17.0 17.0
Free Cl 0.9 0.8 0.9
30 NH:Cl 0.1 ND ND
NHClI, 0.1 04 0.2
Oxi-Cl 1.6 0.7 0.7
cr 2.1 ND ND

YAl results are presented as mean of triplicate.
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Table 43. Microbial counts of radish root and water in each processes of
danmooji manufacturing

(Unit : CFU/g or mL)

Sample Sanzr}:)l g Totalce\ﬁiable Yeast & mold Coliform  Lactobacillus
1 25 x10° Y 20 x 10° ND? ND
Salted radish root 2 6.4 x 10° 2.3 x 10° ND ND
3 3.0 x 10 05 x 107 ND ND
1 21 x 10° 29 x10° 84 x 10° 25 x 10*
Pesalied radish 5 14 x10°  19x10° 67 x10° 18 x 10*
3 41 x10° 11 x10° 12 x 10 3.5 x 10*
1 11 x 10° 14 x 10° 14 x 10° 6.6 x 10°
Desalting water 2 11 x10° 17 x 10° 28 x 10° 9.0 x 10°
3 11 x10° 13 x10° 20 x 10° 1.0 x 10’
1 23 x10° 15x10° 93 x10° 1.0 x 10*
Cleaned peeled 5 3 4 4
radish Toot 2 20 x 10° 1.0 x 10° 1.1 x 10 1.5 x 10
3 36 x10° 29 x10° 94 x10° 1.7 x 10*
1 91 x 10° 77 x 10" 8.0 x 10° 33 x 10°
Radish root . " ) 3
(bef kaging) 2 12 x 10* 68 x 100 65 x 10° 3.1 x 10
erore packagin
packasins 3 32 x 100 21 x10° 17 x10° 16 x 10
1 53 x 10° 3.6 x 10' ND ND
Seasoning mix 3 1
(before packaging) 2 37 x 10° 31 x 10 ND ND
3 42 x 10° 44 x 10' ND ND
1 15 x 10> 25 x 10" ND ND
Seasoning mix 2 1
(after packaging) 2 35 x 10> 1.0 x 10 ND ND
3 05 x 10° 1.0 x 10' ND ND

DAl results are presented as mean of triplicate.
? ND : <10' CFU/g or mL
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Fig. 65. Changes of total microbial counts of radish root during immersion

cleaning in different electrolyzed water. Data represent means of three

measurements.

* Legend : refer to Table 2.
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Fig. 66. Changes of total microbial counts of radish root during immersion

cleaning in different concentration of aqueous ClO.. Data represent means

of three measurements.

* Legend : refer to Table 2.
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Table 44. Changes in concentrations of chlorine species in 10~30 ppm of ACD

(aqueous chlorine dioxide) during immersion cleaning of radish root

(Unit : ppm)
ACD Chlorine Immersion time (min)

(ppm) species 0 10 20 30
ClO, 10.0A" 6.7B 49C 3.1C

Free Cl 5.0A 2.3B 1.8C 1.2D

NH-ClI 0.4A 0.3B 0.1C 0.1C

10 NHCl, 0.8A 0.6B 0.5B 0.5B
Oxi-Cl 32.1A 25.4B 17.3C 17.1C

cr 91.2A 91.8A 90.4A 89.1A

ClO; 20.0A 8.9B 5.5C 4.0D

Free Cl 9.6A 4.1B 2.5C 1.9C

NHCl 0.9A 0.4B 0.2C 0.1D

20 NHCl, 1.6A 0.6B 0.2C 0.4B
Oxi-Cl 66.7A 36.5B 32.8C 22.5D
cr 118.2A 119.1A 119.0A 118.9A

ClO, 30.0A 14.0B 9.0C 6.1D

Free Cl 13.1A 6.8B 4.3C 21D

NHCl 3.5A 0.7B 0.4BC 0.2C

% NHCl, 45A 1.4B 1.2C 0.9D
Oxi-Cl 93.0A 63.2B 52.4C 35.1D

cr 156.1A 155.7A 155.6A 153.4A

1)

Data represent means of three measurements. Values in the row sharing a

common letter are not significantly different (p=0.05).
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Table 45. Changes in concentrations of chlorine species in 30 ppm ACD

(aqueous chlorine dioxide) after addition of 0~30% of table salt

(Unit : ppm)
Time Chlorine Table salt (w/v, %)
(min) species 0 10 20 30
ClO; 30.0" 30.0 30.0 30.0
Ch 1.37 1.37 1.37 1.37
0 NH.Cl 0.17 0.17 0.17 0.17
NHCI, 0.21 0.21 0.21 0.21
Oxi-Cl 2.3 2.3 2.3 2.3
ClO; 26.0 24.0 10.0 13.0
Ch 1.18 0.86 0.13 0.09
30 NHCI 0.11 0.06 0.03 0.03
NHCI, 0.2 0.09 0.06 0.06
Oxi-Cl 24 1.9 0.9 0.7
ClO; 25.0 21.0 10.0 13.0
Cl 1.21 0.81 0.08 0.11
60 NHCI 0.1 0.07 0.02 0.03
NHCl, 0.23 0.09 0.04 0.09
Oxi-Cl 25 0.9 1.0 0.8

1
) Data represent means of three measurements.
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Table 46. Changes in concentrations of chlorine species in 30 ppm ACD
(aqueous chlorine dioxide) added 0~1% of acetic acid during

immersion of radish root

(Unit : ppm)
. Chlorine Acetic acid (%)
Time .
species 0 0.5 1.0
ClO, 30.0 30.0 30.0
Cl 1.28 1.28 1.28
0 NH:Cl 0.09 0.09 0.09
NHCl, 0.21 0.21 0.21
Oxi-Cl 2.4 2.4 2.4
Cr 2.0 2.0 2.0
ClO, 25.0 24.0 24.0
Cl 1.17 1.25 1.31
10 NHCl 0.06 0.01 ND?
NHCl, 0.12 0.13 0.19
Oxi-Cl 23 2.1 2.2
Cr 2.0 ND ND
ClO, 24.0 24.0 23.0
CL 1.12 1.22 1.3
20 NH,CI 0.07 ND ND
NHCl, 0.13 0.16 0.18
Oxi-Cl 2.2 2.0 2.1
Cr 1.9 ND ND
ClO, 24.0 24.0 23.0
CL 1.16 1.29 1.3
20 NH,CI 0.07 ND ND
NHCl, 0.17 0.12 0.16
Oxi-Cl 2.2 2.0 2.1
Cr 1.9 ND ND

1
) Data represent means of three measurements.

2 ND : not detected
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Table 47. Changes in concentrations of chlorine species in 30 ppm ACD
(aqueous chlorine dioxide) added 0~1% of «citric acid during

immersion of radish root

(Unit : ppm)
Time Chlorine Citric acid (%)

species 0 0.5 1.0

ClO; 30.0 30.0 30.0

Ch 1.43 1.43 1.43

0 NH-Cl 0.17 0.17 0.17
NHCL 0.33 0.33 0.33

Oxi-Cl 21 21 21

cr 1.8 1.8 1.8

ClO, 23.0 17.0 17.0

Clh 1.12 0.76 1.05

0 NHCl 0.12 ND? ND
NHClL 0.22 0.1 0.18

Oxi-Cl 1.6 0.8 0.7

cr 1.9 ND ND

ClO, 23.0 17.0 17.0

Ch 1.01 0.78 1.08

20 NH(CI 0.09 ND ND
NHClL 0.14 0.1 0.17

Oxi-Cl 1.7 0.6 0.7

cr 1.8 ND ND

ClO, 22.0 16.0 16.0

Ch 1.02 0.84 1.06

30 NHx(CI 0.13 ND ND
NHCL 0.15 0.1 0.21

Oxi-Cl 1.5 0.6 0.6

cr 22 ND ND

1
) Data represent means of three measurements.

2 ND : not detected.
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Table 48. Changes in concentrations of chlorine species in 30 ppm ACD
(aqueous chlorine dioxide) added 0~1% of malic acid during

immersion of radish root

(Unit : ppm)
. Chlorine Malic acid (%)
Time
species 0 0.5 1.0
ClO, 30.0" 30.0 30.0
Cl 1.08 1.08 1.08
NHCI 0.11 0.11 0.11
0 NHCl, 0.2 0.2 0.2
Oxi-Cl 1.9 1.9 1.9
Cl 2.0 2.0 2.0
ClO» 22.0 15.0 16.0
Cl 0.95 0.64 0.79
10 NH,Cl 0.09 ND? ND
NHCl, 0.15 0.11 0.1
Oxi-Cl 1.8 0.7 0.7
Cl 1.9 ND ND
ClO» 21.0 14.0 14.0
Cl 0.89 0.59 0.77
20 NHCI 0.1 ND ND
NHCl, 0.14 0.1 0.09
Oxi-Cl 1.8 0.8 0.7
Cl 2.0 ND ND
ClO» 21.0 14.0 14.0
Cl 0.86 0.59 0.71
20 NHCl 0.09 ND ND
NHCl, 0.14 0.11 0.09
Oxi-Cl 1.9 0.7 0.7
Cl 2.0 ND ND

1
) Data represent means of three measurements.

2 ND : not detected.
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Table 49. Changes of total viable cell count during immersion cleaning of radish
root in 30 ppm of ACD (aqueous chlorine dioxide) containing
different concentration of acetic acid.

(Unit : CFU/g)

Acetic acid (w/v, %)
Time (min)
0.0 0.5 1.0
0 73 x 10* Y 7.3 x 10* 7.3 x 10*
10 5.8 x 10° 1.6 x 10 15 x 10"
20 4.0 x 10" 1.4 x 10" ND?
30 85 x 10" 42 x 10" ND

1
) Data represent means of three measurements.

? ND : <10' CFU/g

Table 50. Changes of total viable cell count during immersion cleaning of radish
root in 30 ppm of ACD (aqueous chlorine dioxide) containing
different concentration of citric acid.

(Unit : CFU/g)

Citric acid (w/v, %)
Time (min)
0.0 0.5 1.0
0 6.6 x 10* V 6.6 x 10* 6.6 x 10*
10 95 x 107 205 x 10° 1.9 x 10
20 45 x 10° 6.15 x 10 25 x 10°
30 8.5 x 10" 3.25 x 10" 13 x 10"

1
) Data represent means of three measurements.
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Table 51. Changes of total viable cell count during immersion cleaning of radish

root in 30 ppm of ACD

different concentration of malic acid.

(aqueous chlorine dioxide)

containing

(Unit : CFU/g)

Time (min)

Malic acid (w/v, %)

0.0 0.5 1.0
0 13 x 10° Y 13 x 10° 13 x 10°
10 1.2 x 10° 5.0 x 10" 2.0 x 10"
20 2.7 x 10° 6.8 x 107 15 x 10
30 4.0 x 10° ND? ND

1
) Data represent means of three measurements.

? ND : <10' CFU/g
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et
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Fig. 67. Disinfection effects of E. coli ATCC 10536 cell by different concentration
of sodium hypochlorite, ACD and LAEW. A culture of E. coli was
grown in LB medium, and then exposed to each concentration of
disinfectant for 20 min. Data represent means of three measurements.

* Legend

: refer to Table 2.
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Staing time (days)
Fig. 69. Changes in pH of radish root during salting by dry processing using
different salting water. Data represent means of three measurements.

* Legends : refer to Table 2.
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Fig. 70. Changes in pH of radish root during salting by wet processing using
different salting water. Data represent means of three measurements.

* Legends : refer to Table 2.
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Fig. 71. Changes in acidity of radish root during salting by dry processing using

different salting water. Data represent means of three measurements.
Legends : refer to Table 2.
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Fig. 72. Changes in acidity of radish root during salting by wet processing using
different salting water. Data represent means of three measurements.
Legends : refer to Table 2.
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Fig. 73. Changes in salinity of radish root during salting by dry processing
using different salting water. Data represent means of three
measurements.

* Legends : refer to Table 2.
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Fig. 74. Changes in salinity of radish root during salting by wet processing
using different salting water. Data represent means of three
measurements.

* Legends : refer to Table 2.
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Fig. 76. Changes in hardness of radish root during salting by wet processing

using different salting water. Data

measurements.

* Legends :

refer to Table 2.
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Fig. 77. Changes in reducing sugar content of radish root during salting by dry

processing using different salting water. Data represent means of three

measurements.

* Legends : refer to Table 2.
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Fig. 78. Changes in reducing sugar content of radish root during salting by wet

processing using different salting water. Data represent means of three

measurements.

* Legends : refer to Table 2.
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Table 52. Changes in color value of radish root during salting by dry processing

using different salting water

Salting  Hunter Salting time (days)

water”  value 0 15 30 45 60 75 90
L 77257 7880 7443 7609 6862 6069 5567
W a 160  -181  -3.05 367 206 -1.34 -0.84
b 13.71 1296 1494 2006 21.02 1938  19.08
L 7725 7498 7464 7484 6621  64.86  60.03
SAEW a 160  -176 242 227 017 090 054
b 13.71 1149 1438 1709 19.64 21.77  20.68
L 7725 7766 7597 7532  67.70 6448  64.44
LAEW1 a 160 -164 268 268 013 053  -0.01
b 1371 1129 1554 1672 2126 2112 2159
L 7725 7610 7542 7538 6850 6521  63.43
LAEW2 a 160 -1.69 248 282 015 042  0.09
b 13.71 1120 1432 1597 2063 2110  21.08
L 7725 7715 7601 7523 6832 6524 6538
ACD a 160 172 285 267 018 016  0.04
b 13.71 1115 1641 1697 2024 2117 2049

D Refer to Table 2.

2
) Data represent means of three measurements.
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Table 53. Changes in color value of radish root during salting by wet processing

using different salting water

Salting  Hunter Salting time (days)

water”  value 0 15 30 45 60 75 90
L 77.027 7780 7520 7420 69.80 6345 5890
W a 160 -181 201 -205 249 282  -3.08
b 1470 1385 1426 1298 1283 1347 13.92
L 77.02 7672 7696 7631 7437 6821  63.25
SAEW a 160 -115 -1.86  -221 242 262  -3.19
b 1470 1274 1524 1397 1451 1443 14.96
L 77.02 7792 7502 7531 7316 6741 6142
LAEW1 a 160 127 196 224 273 265 223
b 1470 1285 1614 1275 1528 1418 15.11
L 7702 7698 7516 7502 732 683 624
LAEW2 a 160 -126 205 216 253 247 223
b 1470 1456 1435 1348 1405 14.82 1512
L 7702 7745 7508 7566 7428 6934 6381
ACD a 160 124 201 236 265 249  -228
b 1470 1325 1392 1356 1348 13.85 14.86

D Refer to Table 2.

2
) Data represent means of three measurements.
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Fig. 79. Changes in total viable cell count of radish root during salting by dry
processing using different salting water. Data represent means of three
measurements.

* Legends : refer to Table 2.
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Fig. 80. Changes in yeast & mould count of radish root during salting by dry
processing using different salting water. Data represent means of three

measurements.

* Legends : refer to Table 2.
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Fig. 81. Changes in total viable cell count of radish root during salting by wet
processing using different salting water. Data represent means of three
measurements.

* Legends : refer to Table 2.
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Fig. 82. Changes in yeast & mould count of radish root during salting by wet
processing using different salting water. Data represent means of three
measurements.

* Legends : refer to Table 2.
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Table 54. Changes in coliform count of radish root during salting by dry

processing using different salting water

Salting water"

Salting time (days)

W SAEW  LAEW1  LAEW2 ACD
0 9.12x10” ND” ND ND ND
15 ND ND ND ND ND
30 ND ND ND ND ND
45 ND ND ND ND ND
60 ND ND ND ND ND
75 ND ND ND ND ND
90 ND ND ND ND ND

! Refer to Table 2.
® Data represent means of three measurements.
? <1x10 CFU/g

Table 55. Changes in coliform count of radish root during salting by wet

processing using different salting water

Salting water"

Salting time (days)

™W SAEW  LAEW1  LAEW2 ACD
0 3.68x10” ND” ND ND ND
15 ND ND ND ND ND
30 ND ND ND ND ND
45 ND ND ND ND ND
60 ND ND ND ND ND
75 ND ND ND ND ND
90 ND ND ND ND ND

) Refer to Table 2.
? Data represent means of three measurements.
? <1x10 CFU/g
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Fig. 83. Changes in microbial count using various desalting water during desalting.

* Data represent means of three measurements.

Table 56. Changes in pH of salted radish root using different desalting water

) Desalting time (hr)

Desalting water'

0 24 48 72
W 5.147 5.90 5.31 4.30
SAEW 5.14 5.17 4.70 3.96
LAEW 5.14 5.62 5.69 4.90
30 ppm ACD 5.14 5.36 5.12 5.12
SAEW+30ppm ACD 5.14 5.14 4.61 4.03
LAEW+30ppm ACD 5.14 5.45 5.20 5.20

Y Refer to Table 2.
? Data represent means of three measurements.
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Table 57. Changes in ORP of salted radish root using different desalting water

Desalting time (hr)

Desalting water”

24 48 72
W 201” 320 290
SAEW 336 385 385
LAEW 232 247 262
30 ppm ACD 300 307 348
SAEW+30 ppm 30ppm 310 337 368
LAEW+30 ppm 30ppm 273 261 319

Y Refer to Table 2.
? Data represent means of three measurements.

Table 58. Changes in salt concentration of salted radish root using different

desalting water

(Unit : %)
Desalting time (hr)
Desalting water"

0 24 48 72
W 13.87 5.74 5.23 2.81
SAEW 13.8 5.74 5.38 2.79
LAEW 13.8 5.20 4.55 2.01
30 ppm ACD 13.8 6.43 412 3.20
SAEW+30ppm ACD 13.8 5.36 4.53 1.21
LAEW+30ppm ACD 13.8 6.04 3.67 3.60

! Refer to Table 2.
? Data represent means of three measurements.
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Table 59. Changes in hardness of salted radish root using different desalting
water

(Unit : g/cm?)

) Desalting time

Desalting water'

0 24 48 72
W 3,114.7° 2,557.7 2,437.6 1,794.4
SAEW 3,114.7 2,842.0 2,123.0 3,036.6
LAEW 3,114.7 2,798.5 2,676.2 2,126.1
30 ppm ACD 3,114.7 2,722.9 3,027.8 3,144.4
SAEW+30 ppm ACD 3,114.7 2,882.8 2,621.7 2,070.2
LAEW+30 ppm ACD 3,114.7 2,814.4 2,500.0 2,727.0

! Refer to Table 2.
? Data represent means of three measurements.
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Table 60. Changes in reducing sugar content of salted radish root using different

desalting water

Desalting water” Desalting time (hr) Reducing sugar (%)
Control 0 5.35”
24 293
™ 48 2.75
72 1.56
24 2.99
SAEW 48 2.55
72 191
24 2.80
LAEW 48 2.44
72 1.19
24 3.27
30 ppm ACD 48 2.36
72 1.56
24 2.80
SAEW+30 ppm ACD 48 2.43
72 0.98
24 292
LAEW+30 ppm ACD 48 1.95
72 1.67

! Refer to Table 2.
? Data represent means of three measurements.
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Table 61. Changes in color of salted radish root using different desalting water

D . 1 Hunter Desalting time (hr)
esalting water
value 0 24 48 72
L 55.03” 5855 5331  57.83
™ a -6.43 -5.40 -5.60 -4.94
b 22.37 26.15 22.75 25.38
L 55.03 57.20 54.90 61.54
SAEW a -6.43 -5.00 -4.15 -2.56
b 22.37 26.98 24.69 28.77
L 55.03 55.37 52.87 54.30
LAEW a -6.43 -4.23 -2.88 -1.77
b 22.37 26.02 23.66 23.16
L 55.03 57.98 53.23 54.53
30 ppm ACD a -6.43 -5.21 211 -2.68
b 22.37 28.95 22.32 18.11
L 55.03 58.47 54.54 58.29
SAEW+30 ppm ACD a -6.43 -6.23 -3.80 -2.82
b 22.37 28.48 22.66 20.15
L 55.03 57.20 55.51 50.89
LAEW+30 ppm ACD -6.43 -4.80 -2.88 -2.80
b 22.37 28.64 25.31 18.47

D Refer to Table 2.

2
) Data represent means of three measurements.
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Table 62. Changes in acidity of salted radish root using different desalting water

(Unit : %)
Desalting water” 0 24 48 72
W 0.2277 0.091 0.109 0.155
SAEW 0.227 0.127 0.127 0.136
LAEW 0.227 0.091 0.073 0.045
30 ppm ACD 0.227 0.127 0.100 0.091
SAEW+30 ppm ACD 0.227 0.136 0.127 0.082
LAEW+30 ppm ACD 0.227 0.127 0.091 0.082
D Refer to Table 2.
? Data represent means of three measurements.
109
- ¢ | HEEE process/step, existing
§ 10° 1 [ processstep, ACD applied
107 -
S 106 -
2 _
E 105 1
o _
< 10* 4
§ 103 |
2 0]
o
e}
8 10"
s
100 r T
A B C D E
Process/Step

Fig. 84. Viable cell count in each danmooji manufacturing process. A, Washing of

radish root; B, Salting of radish root; C, Desalting of radish root; D,

Desalting water after 3 days; E, Peeling of desalted radish root; F,

Packaging of danmooji.

* Data represent means of three measurements.
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Table 63. Changes in microbial counts of container-packaging tong-danmooji

packed with various seasoning solution

. . 1)
Microbial ~ Storage time Seasoning solution
population (days) ™ SAEW LAEW1 ACD
, 0 2.4x10? ND 3.1x10" 3.0x10"
Total viable
cell count 45 1.3x10? ND 1.0x10" 3.8x10"
CFU
(CEU/g) 90 1.4x107 1.0x10" ND 1.8x10"
0 1.3x10? ND 2.0x10" 1.0x10"
Yeast &
mould count 45 1.2x10? ND 1.0x10" 2.0x10"
CFU
(CEU/g) 90 1.3x10? ND ND 1.0x10"

D Refer to Table 3.

2
) Data represent means of three measurements.

Table 64. Changes in microbial counts of vacuum-packaging tong-danmooji packed

with various seasoning solution

. . 1)
Microbial ~ Storage time Seasoning solution
population (days) ™ SAEW LAEW1 ACD
, 0 2.0x10" ND ND ND
Total viable
cell count 45 1.5x10" ND ND ND
CFU
(CEU/8) 90 1.6x10" ND 1.0x10' 1.1x10
0 1.5x10" ND ND ND
Yeast &
mould count 45 1.1x10" ND ND ND
CFU
(CEU/8) 90 1.4x10 ND 1.0x10' 1.0x10'

D Refer to Table 3.

2
) Data represent means of three measurements.
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Table 65. Changes in pH of container- and vacuum-packaging tong-danmooji

packed with various seasoning solution

. . 1)
Packaging  Storage time Seasoning solution

type (days) W SAEW LAEW1 ACD

0 4.15” 3.82 3.86 4.15

Container 45 3.80 3.45 3.38 3.62
90 3.86 3.47 3.41 3,51

0 4.06 3.82 3.84 3.68

Vacuum 45 411 3.80 3.90 3.69
90 4.15 3.90 3.83 3.75

D Refer to Table 3.

2
) Data represent means of three measurements.

Table 66. Changes in acidity of container- and vacuum-packaging tong-danmooji

packed with various seasoning solution

Packaging  Storage time Seasoning solution”
type (days) W SAEW LAEW1 ACD
0 0.08” 0.10 0.10 0.11
Container 45 0.13 0.13 0.14 0.14
90 0.13 0.14 0.14 0.14
0 0.08 0.09 0.09 0.09
Vacuum 45 0.09 0.10 0.09 0.09
90 0.09 0.10 0.10 0.09

D Refer to Table 3.

2
) Data represent means of three measurements.
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Table 67. Changes in salt of container- and vacuum-packaging tong-danmooji

packed with various seasoning solution

Packaging  Storage time Seasoning solution"
type (days) ™ SAEW LAEW1 ACD
0 5.237 5.48 5.69 5.56
Container 45 2.96 4.23 3.81 3.92
90 3.98 3.82 3.98 4.00
0 6.51 6.38 5.82 5.99
Vacuum 45 7.23 6.26 6.18 6.10
90 6.08 5.82 5.98 6.09

D Refer to Table 3.

2
) Data represent means of three measurements.

Table 68. Changes in microorganism number of radish salted using 30 ppm of

aqueous chlorine dioxide

Microbial Storage time (days) Viable cell count (CFU/g)
population & Y Control ACD
0 4.2x10™" 6.4x10°
Total 15 3.8x10° 2.5x10°
viable 30 6.2x10* 4.1x10°
count 45 6.1x10* 4.2x10°
60 3.8x10* 8.3x10?
0 3.2x10° 4.1x10°
15 5.8x10* 2.7x10°
Yeast & mold 30 3.1x10* 7.3x10?
45 4.6x10* 3.1x10?
60 2.1x10° 3.6x107
0 4.9x10° NDV
2)
Coliform 15 ND ND
30 ND ND
count 45 ND ND
60 ND ND

Y Data represent means of three measurements.
? ND : <10' CFU/g
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Table 69. Changes in salt concentration of radish salted using 30 ppm of

aqueous chlorine dioxide

Storage time (days) Salt (%)
Control ACD
0 9.07" 9.00
15 15.47 14.93
30 14.60 14.80
45 14.87 15.33
60 15.07 15.27

1
) Data represent means of three measurements.

Table 70. Changes in hardness of radish salted using 30 ppm of aqueous

chlorine dioxide

Hardness (g/cm?’)

Storage time (days)

Control ACD
0 664.0" 621.7
15 358.7 511.1
30 258.6 2493
45 201.3 250.1
60 184.2 192.2

1
) Data represent means of three measurements.
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Table 71. Sensory characteristics of container packed tong-danmooji made by

various seasoning solution

Sensory characteristics

Seasoning Flavor Texture
solution . 1,p

v = - Accept-
C 1 east-  Fres risp- Tough- abilit
Acidic Salty moldy -radish ness ness Y

WY 42 57° 6.2° 5.0° 4.2° 53" 49° 5.0°
SAEW? 70° 55 6.3 4.7° 4.1° 61>  5.0° 5.6%
LAEW1?  7.° 5.7° 6.1° 49° 41° 64> 49 6.4°
ACD? 69" 59 6.2° 5.0° 3.9° 63" 45 6.1°

Y made from tap water

made from SAEW (strong electrolyzed acid water)

made from LAEW (low akaline electrolyzed acid water)

made from ACD (aqueous chlorine dioxide)

Means with the same superscripts in a column(a~d) are not significantly different
from each other at a=0.05 as determined by Duncan's multiple range test.

)
2)
3)
4)

)

5

Table 72. Sensory characteristics of vacuum packed tongdanmooji made by various

seasoning solution

Sensory characteristics

Seasoning Flavor Texture
solution . j5p Accept-

o Yeast-  Fresh Crisp- Tough- abili
Acidic Salty moldy -radish ness ness ty

T™W 5.0° 4.2° 6.3 4.4° 41° 5.4° 48" 48"

SAEW? 7.3° 43" 6.2° 5.0° 3.9° 6.1° 5.2° 5.8
LAEW1?  74° 4.6° 6.5° 5.8° 42" 6.0° 4.8 5.9%
ACD?Y 6.9° 4.0° 6.6 4.8° 43° 6.2° 41° 5.6

179 Refer to table 71.
® Means with the same superscripts in a column(a~d) are not significantly different
from each other at a=0.05 as determined by Duncan's multiple range test.
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1.0
—O— Pre-washed radish root, unpeeled
—{— Radish root, unpeeled

0.6

04 1 )///Q\Q/o
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Immersion time (min)

0.0

Fig. 85. Changes in chlorite concentration during immersion washing of radish

root.
* Data represent meanststandard deviation of three measurements.
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—O— Pre-washed radish root, unpeeled
12 | —{1— Radish root, unpeeled
E 1.0
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0.2 T T T
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Fig. 86. Changes in chlorate concentration during immersion washing of radish

root.
* Data represent meanststandard deviation of three measurements.
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Fig. 87. Changes in chlorite concentration during salting of radish root.
* Data represent meanststandard deviation of three measurements.
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Fig. 88. Changes in chlorate concentration during salting of radish root.
* Data represent meanststandard deviation of three measurements.
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ol HAAA, A9 2 AR THMsS 4% W3t U9 Tables
73~75¢F #Zdrh. o HA|AAA A= chloroform?} dichloroformo] 77} 3t
68.6~96.3 ppb, 23.9~38.2 ppbl® HE=¥USH, dibromochloromethane 3l 4]
10&5-o 3t 122 ppb 7} AEH A, bromoform HAE% % &gt Fo dd
34X chloroform} dichloroforme] ZH7} ¥t 70.1~98.6 ppb, 10.7~12.5 ppb
o2 fAE5USm, dibromochloromethane?} bromoform< AE% A skt &<
Ao A= chloroform} dichloroform®| Z+7} ¥t 82.3~97.4 ppb, 28.5~70.2 ppb

o7 AZ=H%Y oY, dibromochloromethane®} bromoform< &% A &3k

Table 73. THMs concentration in ACD(aqueous chlorine dioxide) during

immersion disinfection of radish root

Time THMs (ppb)
(min) chloroform -brcc)iri;gs:}?ane dibl;gg%ﬁggleoro' Bromoform
0 96.3" 239 ND? ND
10 78.4 38.2 12.2 ND
20 68.6 28.1 13.9 ND

1
) Data represent means of three measurements.

2 Not detected.

Table 74. THMs concentration in salting water prepared by using 30 ppm of

aqueous chlorine dioxide during salting of radish root

Time THMs (ppb)
(min) chloroform —brgrirfr}ggtr}?ane dibrrgrer%ﬁg%?ro— Bromoform
0 98.6" 114 ND” ND
15 70.1 10.9 ND ND
30 82.8 11.3 ND ND
45 84.9 12.5 ND ND
60 83.7 10.7 ND ND

1
) Data represent means of three measurements.

2 Not detected.
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Table 75. THMs concentration in desalting water prepared by using 30 ppm of

aqueous chlorine dioxide during desalting of salted radish root

Time THMs (ppb)
(min) chloroform —brc()irirfr};lgtr}?ane dibrrgrelgﬁglﬁleoro— Bromoform
0 82.3" 285 ND? ND
10 97.4 42.5 ND ND
20 82.5 66.1 ND ND
30 82.7 70.2 ND ND

1
) Data represent means of three measurements.

2 Not detected.
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1. Ref. No. AFC/2365/2504A : Effect of storing liquids on quality characteristics of

peeled chestnut during storage

7t 2%

In the present work, efficacy of electrolyzed water as storing liquids of peeled
chestnut was investigated. Four different immersing treatments consisting of strong acidic
electrolyzed water [SAEW; pH 2.42, ORP (oxidation-reduction potential) 1,135 mV, HCIO
71.98 ppm] and low alkaline electrolyzed water (LAEW; pH 8.28, ORP 750 mV, HCIO
84.75 mV), alone or in combination with 0.5% (v/v) citron juice (CJ) were evaluated.
The experiments showed that electrolyzed water inhibit growth of microorganism more
effectively until 30 days of storage at 10.5C comparing to 0.2% (w/v) APS (aluminium
potassium sulfate). In the total phenolic contents, PPO (polyphenol oxidase) activity,
color differences value (AE) of peeled chestnut, all treatments shown lowly increase in
the value than control, although treatments were not significant. Sensory characteristic
was preferable on peeled chestnut stored in LAEW-CJ to the others during storage.
Therefore, electrolyzed water, alone or in combination with citron juice, could be an
alternative to APS as a storing solution of peeled chestnut.

v AFEEW S

1) Objectives

Investigation of effect of electrolyzed water as storing liquids of peeled chestnut
2) Materials & Methods

© Immersion and storing liquid used in this experiments

Immersion liquid pH ORP (mV) HCIO (ppm)
0.2 % APS" 4.02° 955 -
SAEW? 2.42 1,135 71.98
LAEW? 8.28 750 84.75
SAEW-CJ* 2.25 800 14.89
LAEW- CJ° 4.00 974 12.06

YAPS : Aluminium potassium sulfate

)
"Electrolyzed oxidizing water produced by diaphragm type electrolyzed water generator
"Electrolyzed low-alkaline water produced by non-diaphragm type electrolyzed water generator
)

)

)

LN

Strong acidic electrolyzed water + 0.5%(v/v) citron juice
Law alkaline electrolyzed water + 0.5%(v/v) citron juice
All result are presented as mean of triplicates.

© Washing and immersion treatment

5
6

- Washing : Immersion for 30 min in corresponding water
- Packaging : Packaging with PE film (0.03 mm)

(peeled chestnut:storing liquid=1:1(w/w)(0.2% APS), or 1:0.5 (w/w)(EW and EW+citron juice))
- Storage : 10.5 °C, 30 days

© Analysis of quality changes : Microbial count (total viable cells, coliform, yeast &
mold{ PPO activity, total phenolic content, color value , turbidity, pH, soluble solid
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content, sugar content, sensory evaluation

3) Results

108

—O— 0.2% APS
105 1| —— SAEW
—{+ LAEW
—O— SAEW-CJ

Storage time (days)

10*

35

108

102

—O— 0.2% APS
—A— SAEW
—{— LAEW
—O— SAEW-CJ
—O— LAEW-CJ

0 5 10 15 20 25 30
Storage time (days)

©)

35

10¢

108

102

10!

Changes

—O— 0.2% APS
—/— LAEW
—{— SAEW
—O— LAEW-CJ
—O— SAEW-CJ

Microbial

0 5 10 15 20 25 30

Storage time (days)

(B)

35

Fig. Changes in microbial counts of peeled chestnut
stored in various immersion liquids during storage
at 10.5C. (A) total viable cell count, (B) coliform

count, (C) yeast & mold count

* Legends ; Refer to materials and methods

© Changes of PPO activity and total phenolic content

50

45

40

120

100

80 A

60 X

& —O— 0.2% APS 40 A —O— 0.2% APS
35 —/\— SAEW —A— SAEW
—1 LAEW 20 | —{— LAEW
—O— SAEW-CJ —>— SAEW-CJ
—O— LAEW-CJ —O— LAEW-CJ
30 ‘ ‘ ‘ ‘ ‘ ‘ 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Storage time (days) Storage time (days)

(A) (B)

Fig. Changes of total phenolic content (A), and PPO activity (B) of peeled chestnut
during storage at 10.5C
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© Changes of color value

Im_me.rsli)on Color Storage time (days)
liquid value 0 5 10 15 20 25 30
L 87.717 87.57 87.08 88.13 87.92 84.58 83.98

a —5.70 —5.28 —4.77 —4.89 —4.63 —4.29 -—3.48

0.2% APS b 37.383  35.16 33.80 32.04 30.33 28.89 27.13
A 0.79 1.51 3.00 4.65 6.37 8.47 10.43

L 88.01 88.23 88.87 89.11 89.05 87.75 85.94

SAEW a —-5.01 —4.72 —464 —4.32 —4.40 —3.93 —3.48

b 35.49  32.18 30.07 30.46 30.77 27.24  26.30

A 1.24 4.54 6.71 6.42 6.10 9.52 10.69

L 87.54  88.34 88.12 88.61 87.83 87.92 86.03

LAEW a —4.97 —-4.80 —4.81 —4.70 —4.75 —4.62 —4.50

b 36.66  34.06 33.81 33.16 33.21 31.21  27.82

A 0.50 2.71 2.92 3.65 3.50 5.50 9.05

L 88.31 89.13 88.39 89.28 88.22 85.50  85.75

a —-4.23 —-494 -511 —-478 —4.00 —-3.71 —5.34

SAEW=CJ b 36.37  35.29 34.35 33.66 30.46 28.77  27.17
A 1.31 1.96 2.39 3.40 6.36 8.38 9.70

L 838.46  83.39 88.55 88.35 87.95 85.79  86.88

a —5.27 —495 —476 —4.49 —-453 —3.44 —4.54

LAEW=CJ b 36.29  35.41 33.57 33.40 33.23 37.87  32.67
A 0.77 1.45 3.24 3.42 3.53 3.05 4.17

YRefer to Table 1
Al results are presented as mean of triplicate.
o Sensory Evaluation

For appearance and color, LAEW and LAEW-C] stored peeled chestnut; for flavor,
LAEW and SAEW-C] stored peeled chestnuts; for taste, 0.2% APS, LAEW and LAEW-CJ
stored peeled chestnuts; and for texture, SAEW, LAEW, as well as LAEW-CJ stored
peeled chestnuts, were evaluated comparatively high according to the storage period.
However, for the overall acceptance, 0.2% APS and LAEW-CJ stored peeled chestnuts
were highly evaluated compared to SAEW, LAEW and SAEW-C] stored peeled chestnuts.

4) Conculsion
Electrolyzed water, alone or in combination with citron juice, could be an alternative

to APS as a storing liquid of peeled chestnut.

5) References
© Koseki, S., and Itoh, K. 2000. Fundamental properties of electrolyzed water. Nippon
Shokuhin Kagaku Kogaku Kaishi 47(5): 390-393

o Lee, BYY., Hwang, J.B. 1998. Some components analysis of chinese water chestnut

processing. Korean Journal of Food Science and Technology 30(3): 717-720

o Park, S., Kang, J.Y., and Kang, S.C. 1998. Improvement in storage stability of
peeled-chestnuts  using electrolyzed acid-water.  Agricultural  chemistry &
biotechnology 41(7): 545-549
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2. Ref. No. AFC/ 2354/ 2504A : Effects of anti-browning agents on polyphenoloxidase

activity and total phenolics as related to browning of fresh-cut 'Fuji' apple

7t 2%

The objective of this study was to account influences of anti-browning agents on
correlation between phenolics, and PPO activity and browning of fresh-cut 'Fuji' apple.
Fresh apples were washed with distilled water, peeled, cut in to 1.5 cm cubes, and
treated with distilled water (WC), chlorinated water (CW, 0.01%, v/v), cystein solution
(CS, 0.5%, w/v) and ascorbic acid solution (AA, 0.5%, w/v), respectively. The WC
treatment was considered as a control. All samples were stored in dark at 4C and RH
90% for 7 days. Color, browning index, total phenolics, and PPO activity of the samples
were evaluated. PPO activity and browning index of all samples increased during storage.
In the total phenolics, WC and CW treatments were not observed changes during storage,
although CS and AA treatment were shown increased. Browning index of WC and CW
treatment during storage was found to be highly correlated with PPO activity and color
degradation, as indicated by changes in color parameters, but CS and AA treatments
were not. Total phenolics of fresh-cut apples during storage were found to be moderately

correlated with browning index and to be not correlated with color degradation.

. AFEEW S
1) Objectives
The aim of this work is to follow the PPO activity and phenolic content of fresh-cut
apples with none- and/or anti-browning agent treatments during cold storage and to

establish potential relationships with enzymatic browning.

2) Materials & Methods
O Treatment condition.

The apples for each experiment were initially washed in distilled water to eliminate
surface contamination. After peeling and coring, each apple was cut into approximately
1.5 cm cubes and then randomly selected for different experiments. Apple cubes were
then dipped in distilled water (DW treatment) or in solutions containing 0.5% ascorbic
acid solution, 0.5% cystein solution, and chlorinated water (CW treatment, 100 ppm of
active chlorine) for 2min.
© Analysis of quality changes

PPO activity, total phenolics, color value, Browning Index

3) Results

P Color changes. Results revealed CS were generally more effective than AA and CW,
regardless of storage time (P<0.05). All samples underwent color changes during the
first few days of storage, as can be observed by the increase in a value and the

decrease in hue angle.
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P Polyphenoloxidase activity. The activity continued to increase throughout the storage
period regardless of the treatments. The activity of apple cubes showed a significant
increase between 0 day and 3 days. The PPO activity of fresh-cut apples was most
effectively inhibited by 0.5% cystein during storage at 4C for 7 days.

P Total phenolics. The total phenolics continued to significantly increase throughout the
storage period in the CW and WC treatments. Total phenolics of all samples
increased, but the changes between samples treated with cystein and ascorbic acid
were unremarkable, with total phenolics increasing less than 1% during the entire
storage period.

P Relationships among color parameters, BL total phenolics and PPO activity. High
correlations (R2 > 0.84) were obtained when PPO activities were plotted against Bl in
all the treatments (Table 1). Moderate to high correlations (R2 > (0.74) were obtained
when PPO activity was plotted against L value. To put it another way, the degree of
browning in treatments having higher PPO activity showed a higher rate of
browning; conversely, apple treatments lower in PPO activity showed a lower rate of
browning. Very weak correlations (R2 < 0.56) were found when total phenolics were
plotted against a value, b value, Hue angle, and chroma value. Moderate to high
correlations were obtained when total phenolics was plotted against L value and BI.
Lee et al. (1990) reported that the degree of browning of peach cultivars correlated
with their phenolic content (R2 = 0.67). High correlations were obtained between BI
and a, b, hue and chroma value in the CW and WC treatments, but weak

correlations were obtained in the CS and AA treatments.

Table 3. Correlations (R2) between browning index Table 1. Correlations (R?) between PPO activity
(BD) and several parameters of fresh-cut ‘Fuji’ apple (unit/g/min) and several parameters of fresh-cut ‘Fuji’

during storage apple during storage
. : Cysteine . Cysteine
Samples Distilled  Chlorinated Solution Ascnlrblc acid Samples Distilled  Chlorinated Solution Ascorbie acid
Water  Water 0.01% 0.5% Solution 0.5% Water Water 0.01% 0.5 Solution 0.5%
. S
Color Color
L value 0.99 0.79 0.37 0.76 L value 098 091 078 0.74
avalue 0.90 0.92 -2 0.60 avalie 0.82 .99 001 .58
b value 0.89 0.98 032 0.67 b value 080 0.99 0.03 065
Hue angle 091 093 - 0.64 Hue angle 0.83 059 001 .61
Chroma 0.88 0.98 0.40 0.67 Chroma 0.7% 1.0k 007 (.64
PPO activity 0.98 0.97 0.84 0.99 Browning index .98 097 .84 0.9
Total phenolics 0.79 0.79 0.54 0.99 Total phenolics (.85 044 0.90 0.9%
Table 2. Correlations (R*) between total phenolics e

—o— Wecominl

(mg%) and several parameters of fresh-cut ‘Fuji’
apple during storage

Sambles Distilled ~ Chlorinated ngﬁﬂSﬁ Ascorbic acid
P Water  Water 0.01% Solution 0.5%
0.5%
Color
L value 0.77 0.74 0.97 0.65 ' g
o ) 2 3 ‘ H c a
avalue 0.50 0.56 0.18 0.48 Btoraas setiod (2aye!
b value 047 0.43 0.02 0.55 Figure 2. Change of PPO activity (uni
Hue angle 0.51 0.53 0.16 0.52 ji* apple during storage at 3C.
Chroma 0.46 0.42 0.00 0.55 1 Data represent mean + standard deviation of three replications
Browning index 079 0.79 0.54 0.99 2411 value p he mean + SD of : determinatior ts
’ . ’ ’ within different letters are significantly different at p=0.05 by Duncan’s
PPO activity 0.88 0.44 0.90 0.99 multiple range test
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Hunter Lvaule

Hunter bvalue

Huner a-value

—o— Distilled Water
m  Chiorinated Water 0.01%
O Cysten Solution U 5% a
—a— Accorbic acid Solution 0.5% =

—o— Ditiled Water
—=— Chlornaed Waer 015 180
—5— Dyten Scltion 0.5 o

o e acid Sotion 055

T2 s 4 5 o8 7 0 R ]
Storage period (days) Storage period (days)

Total phenolics (mg%)

‘Storage perlod (days)
Figure 3. Change of total phenolics (mg©%56) in fresh-
cut ‘KFuji’ apple during storage at 5C.

Chioma value

IData represent mean + standard deviation of three replications

T 7 3 4 3 ‘ 7 s n H 3 3 4 : i 7 1 2All value presents the mean + SD of triplicate determinations and spots
Storage petiod (days) Storage petiod (days) within different letters are significantly different at p=0.05 by Duncan’s
mulliple range lest.

a2

—o— Dl iar

Ta Revortic 3ok Somion 05 —o— Distilled Watar

Chiorintad Water 0.01%
I

Hue angle

Browning indsx
H

Storage petiod (days)

Figure 1. Change of hunter Color parameters in Storage period (days)

Fresh-cut ‘Fuji’ apple during storage at STC.

1Data represent mean * standard deviation of three replications.

Figure 4. Change of browning index in fresh-cut
‘Fuji’ apple during storage at 5C.

1Data represent mean + standard deviation of three replications.

2All value presents the mean = SD of triplicate determinations and spots 2Al1 valne presents the mean £ SD of triplicate determinations and spots

within different letters are significantly different at p<0.05 by Duncan’s
multiple range test.

within different letters arc significantly different at p<0.05 by Duncan’s
mmltiple range fest

4) Conculsion

Fresh-cut apples cause an increase in PPO activity during storage for 7 days at 4C.

This increase has been found to be highly correlated with L value and the browning

index. Changes in color parameters of apple cubes during storage were found to
correlate quite well with PPO activity (R2 between 0.79 and 1.00), except for CS and AA

treatments. The browning index of apple cubes during storage was found to correlate

well with PPO activity (R2 > 0.84) in all treatments. No correlation was found between

phenolics and color parameters (L, a, b, Hue angle, and chroma value). The

predominance of PPO activity in enzymatic browning seems to be highly related to the

phenolics.

o
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