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SUMMARY

I. Title
Development of high efficiency low capacity small slightly/weakly acidic hypochlorous

water generating system using venturi tube type dilution device and utilization technology

II. Purpose and need for research and development

As Korea’s eating habits increasingly tend to emphasize health orientation and
convenience in recent years, the consumption of hygienic fresh and convenient produce
and fully cooked food has been increasing. Accordingly, the use of an eco-friendly sterile
antiseptic solution with low human toxicity and strong sterilizing power is more required.
Slightly acidic hypochlorous water generated by electrolyzing hydrochloric acid solution of
2~6% in the non-diaphragm electrolytic cell is a sterile antiseptic solution appropriate for
these market needs and was approved as a food additive by the Ministry of Food and
Drug Safety in November 2007 so the generating unit of it is increasing its market share
for sanitary administration of the food industry.

The currently available slightly acidic hypochlorous water generating unit is the medium
and large size and poor small companies have difficulty in buying and using it because of
high initial investment costs even if highly requiring this device in order to overcome
their poor sanitary administration level.

The purpose of this study is to develop a generating unit with operational stability and
economic feasibility as well as small capacity of less than 200L per hour in order to
overcome these obstacles and another purpose is to develop a slightly acidic hypochlorous
water generating method and device of high chlorine concentration of more than 50ppm
while maintaining pH range (5.0 to 6.5) in order to strengthen the sanitary administration
more because lightly acidic hypochlorous water of less than chlorine concentration 30ppm
does not show practical sterilization effects for microorganisms highly resistant to

disinfectant such as Bacillus subtilis, Aspergillus niger etc.

. Contents and scope of research and development
1. Development of high efficiency low capacity small slightly/weakly acidic
hypochlorous water generating system using a venturi tube type dilution device
O Small electrolytic cell(electrode) development, electrolytic cell design, mold making and

injection

_17_



O Venturi tube type dilution device and blade development

O Power supply device and PCB development

(O Development of main components such as flow sensor, water level sensor, reducing
valve etc.

O Prototype production for structural design test of generating unit

O Operational stability and performance test of generating unit

O Self business for commercialization of the developed technology

2. Characteristics evaluation and applied technology development of high efficiency low
capacity small slightly/weakly acidic hypochlorous water generating system

O Electrolytic characteristics analysis according to electrolytic cell and electrode
characteristics

O Characteristics analysis of dilution device

O Sterilization effectiveness evaluation of generating water

(O Analysis of chloride compounds variation

O Surface disinfection effectiveness evaluation of sanitary equipment

(O Characteristics evaluation of slightly acidic hypochlorous water according to electrolytic
water

O Field application such as small workshop and sterilization effectiveness evaluation

O Derivation of cleaning. sterilizing treatment process criteria

O Development of cleaning. sterilization process and sanitary administration guidelines of

slightly acidic electrolyzed water

. Research performance against purpose

The purpose of this study is to develop a slightly acidic hypochlorous water generating
unit of the small capacity containing hypochlorous acid of low/high concentrations and
having operational stability and economic feasibility and industrialize it through a system
for mass production. In order to achieve this purpose, we developed the main components
including electrode and electrolytic cell, electrolyte supply, venturi tube for mixed reaction
of chlorine gas of electrolytic cell generation with water and screw blade rectifier, PCB
built in the flow channel and most components were made as plastic molded products as
a measure to lower component unit cost and we also produced a mold for device external
case injection. A start finished product was installed and a trial run was carried out in
the field of a food processing plant and as a result, it was demonstrated that the quality

of generating water was uniform and slightly acidic hypochlorous water of high/low

_18_



chlorine concentrations is stably generated depending on the degree of electrolyte mixing.
Through this Research and development, we achieved original research contents and each

purpose by 100%.

V. Research and development results

1. Establishment of high efficiency high concentration slightly/weakly acidic
hypochlorous water manufacturing

A. Weakly acidic hypochlorous water
Weakly acidic hypochlorous water was approved as a food additive with the new
standard pursuant to notification no. 2013-245 on December 16, 2013. Weakly acidic
hypochlorous water is obtained from an aqueous solution itself generated in both poles
of the strong electrolyzed water generating unit or by adding an aqueous solution
generated in the cathode side to an aqueous solution generated in the anode side and
refers to an aqueous solution of more than pH 2.7, less than 5.0, chlorine concentration
10~60ppm.  This study developed weakly acidic hypochlorous water appropriate for
standards by drilling a number of small holes on ion-permeable membrane of the strong
electrolyzed water generating unit and mixing anode water and cathode water in the
electrolytic cell.

We also developed a method for generating slightly acid hypochlorous acid water in
the non-diaphragm electrolytic cell but will use it as a disinfectant of vessels and
containers by registering it as temporary standards in addition to specification revision
application because this is different from manufacturing of the food additive process but

essentially the same.

B. High chlorine concentration slightly acidic hypochlorous water

As the chlorine content standard of slightly acidic hypochlorous water is changed from
10~30ppm to 10~80ppm pursuant to notification of the above A., we developed a method
of generating high chlorine concentration slightly acidic hypochlorous water. This was
completed by setting a solution of suitably mixing salt or postassium chloride solution
with hydrochloric acid depending on water quality of diluted raw water, physical
properties of disinfected objects, microorganism of target to be sterilized to materials to

be electrolyzed and adjusting current, voltage to the electrode.
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2. Development of Key components of small slightly/weakly acidic hypochlorous
water using venturi tube type dilution device

By determining electrolyzed water generating capacity per hour of small slightly/weakly
acidic hypochlorous water of this development as 180L, we developed each component
appropriate for this capacity. The industrial model name of the generating unit was
determined as BC-180S.

A. Development of electrolytic cell and electrode

The array of the electrode in the electrolytic cell was determined as bipolar access
method connection of 3-electrode 2 cell structure and as electrode materials, IrO2 and
Ta205 solution mixed in the ratio of 7:3mol% in the titanium plate was coated in the
anode and platinum was coated with electrochemical deposition in titanium plate in the
cathode.

An electrolytic cell is a PVC Plastic injection molded product and previously described
electrode can be accepted and placed in it and the size of the electrolytic cell is
47.5(W) x 30(D) x 84(H)mm and there are 1 electrolyte inlet and 2 electrode terminal tie

holes.

B. Development of dilution device

(1) Venturi tube type dilution device
We developed a venturi tube type dilution device for minimization of the electrolyte
supply pump capacity, effectiveness of dilution and equipment simplification in
generating slightly acidic hypochlorous water through dilute reaction of high
concentration  chlorine(Cl?,  liquid, gas)  generated by  electrolysis  of
electrolyte(hydrochloric acid or hydrochloric acid + univalent chloride) with raw water
separately supplied in the electrolytic cell.

In the electrolyzed water generating unit of 180L per hour of this study, chlorine

solution generation was the best when setting the caliber of diluted raw water inlet
and generating water outlet to 7.0~8.0mm, fillet to 2.0~3.0mm and generating pipe to

1.0mm.

(2) Integration by junction of venturi tube and electrolytic cell
By welding and integrating a venturi tube to the electrolytic cell top, discharge of
high concentration chlorine solution and efficiency of diluted mixing were maximized

and space was minimized.
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(3) Screw blade type dilution device
If gas and high concentration chlorine solution generated by the electrolysis of
electrolyte in the electrolytic cell do not fully respond to dilution water, unreacted
chlorine is vaporized in generating water storage well, generates chlorine and
reduces chlorine concentration of generating water. By inserting screw blade into
the outlet conduit in order to improve this point, the effect of maximizing the
vapor-liquid contact could be obtained as a result of vortex mixing and conduit

extension.

C. Development of hydrochloric acid supply pump
(1) Characteristics and performance
This development pump has a function of preventing dilution water from flowing
backward when forming back pressure in the venturi tube connected electrolytic cell
and used 100KPA of less discharge pressure than general diaphragm pump because
the action of a venturi tube makes it easy to discharge products (high concentration
chlorine solution and gas) in the electrolytic cell and tube link type minimizing the
discharge capacity. In the characteristics and performance comparing with the
general type of a tube link type pump of this development, it is low price and
electrolyte suction state was good and flowing backward did not occur when forming

back pressure in the electrolytic cell

(2) Pump durability test
The test of transferring 9% hydrochloric acid in 18 ~ 19mL per minute in the
electrolytic cell in operation type of 5-second operation and 2-second halt by using
the tube link type hose pump of this development was lasted for 630 hours and as a
result, uniform working conditions were maintained. Considering the conditions of 1
second operation 7-second halt, 4%<] hydrochloric acid use in actual use, the useful

life of 5,000 hours is considered to have.

D. Development of power supply unit and PCB
(1) Power supply unit
The current density in electrode was designed as 0.05~0.2A/mmZ2 and switching mode
power supply that can supply 4.0V~10.0V, 4.5A was used by considering the need for

hypochlorous water generation of high chlorine concentration. In order to protect the

_21_



power supply unit, the function for short circuit and over current was given. The
size was designed to fit small as 100(W) x 150(L) x 38(H)mm.

(2) PCB development
The main functions of the electrolyzed water generating unit control program include
the control function to generate electrolyzed water of proper properties(pH, ACC)
and electrolyte supply pump, dilution water solenoid valve, storage tank automatic /
manual operation control and additional functions include electrode low current,
overcurrent and alarm for diluted raw water scarcity, timer setting etc. Touch LCD
connected to the main CPU board indicates operation control and operation status in

real time.

E. Other interior and exterior component structural design and molding
(1) Other interior and exterior components
As the block of attaching solenoid valve responsible for supply open and shut of
dilution water flow sensing manometer, manifold block of leading dilution water to a
venturi tube inlet and check valve of preventing electrolyte transferred from

electrolyte pump to electrolytic cell were developed.

(2) Molding

The following is a mold list for molded product manufacture required for
industrialization mass production of the venturi tube type small electrolyzed water
generating unit developed through this research and development.

Electrolytic cell housing

Venturi tube type ejector

Spacer: Electrode fixing and spacing

Controlling : Electrode terminals fixing and leak prevention

- Body and cover of electrolyte pump, rotation block, holder, in - out fitting
Manifold block

Check valve

F. New high chlorine concentration slightly acidic hypochlorous water manufacture and
development of generating unit
As B. A method for producing high chlorine concentration slightly acidic hypochlorous

water of this report, the example of electrolyte composition of hydrochloric acid and
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salt solution mixing was presented and then, the device that can automatically
generate desired proper slightly acidic hypochlorous water depending on the types of
disinfected objects such as instruments, containers, leaf vegetables - fruit vegetables,
fish, meat or depending on the physical properties of diluted raw water (pH, hardness
components etc.) by varying mixing composition rate of electrolyte was
developed.(Patent application 10-2014-0089289)

3. Development of key components of small slightly/weakly acid hypochlorous water
using venturi tube type dilution device
Component performance of BC-180S ensured quality reliability in the prototype test but
the interference phenomenon of some components occurred in the ASS’Y process of
finally approved molded products and mold modification was carried out 3 times in
electrical box and the electrolytic cell part part in order to solve this problem. In
particular, the electrolytic cell part was composed in the form of a module in order to
ensure ease of maintenance and developed in an independent structure easy to ASS’Y
with electrical box of other forms and developed to be compatible with other
sterilization related products.
The final performance test has been carried out for 2 weeks and the interlocking
function of ASS’Y components and properties of the product depending on changes in
electrolytic cell pressure and set current value were identified and generation conditions
appropriate for the final product could be secured. The final performance test was
conducted by the test manual and the analysis and evaluation for operational stability of
the unit were completed by creating a final inspection report through the progress

according to the test manual.

4. Toxicity and virus inactivation test of high chlorine concentration slightly acidic
hypochlorous water
A. Toxicity test
The toxicity test results of high chlorine concentration slightly acidic hypochlorous
water(pH 5.1, active chlorine concentration 55ppm) developed by this Research and
development proved that high chlorine concentration slightly acidic hypochlorous
water newly developed by acute oral toxicity test (Capacity Notice Act, National
Institute of Environmental Research notification No. 2014-1) non-toxic(LD50 >

2,000mk/kg), acute eye irritation test(National Institute of Environmental Research
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notification No. 2014-1) no irritation has no toxicity affecting the living body.

B. Virus inactivation test
The Noro virus inactivation test results of high chlorine concentration slightly acidic
hypochlorous water(pH 5.1, active chlorine concentration 55ppm) developed by this
research and development proved the virus inactivation capability of newly developed
high chlorine concentration slightly acidic hypochlorous water by reducing 2.39 log in

30 seconds and 4.27log in 1 minute -+ 3 minutes (IMS test method).

VI. Research performance and performance utilization plan
1. Research performance

(O This study made it possible to have the ability to mass produce the high/low chlorine
concentration slightly/weakly acidic hypochlorous water generating unit of small
capacity which was not commercially available yet in Korea as plastic mold molded
product not in the form of sheet metal. It was demonstrated that this developed
generating unit has high operational stability through a trial run for a long time and
the price is also economical so that poor small companies can buy it.

(O  Through this Research and development, 2 patents were applied and this developed
unit was installed in cucumber cultivation farms under the support of Anseong
Agricultural Technology Center and generated slightly acidic hypochlorous water of
250~300mL was sprayed to the leaves and stems of cucumber once every 5 days and
as a result, the excellent effect was shown in preventive control of frosty mildew

and leaf mold, proving its practicality as a crop disease control agent.

2. Performance utilization planning and effect
We plan to take transfer the technology of the small(generating 180L per hour,
BC-180S) hypochlorous water generating unit developed through this study and
commercialize it. Main target markets include small food processing plants, food service
facilities of small companies, medium -large restaurants, catering companies,
hospitals - clinics, long-term care facilities, installation cultivation farms. This
commercialization can obtain the improvement of sanitary administration level and
increased revenue of applying companies, revenue growth and new employment

expansion of commercialization companies, industry associated effects.
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8 2.5 6.1 53 2.83 5.8 46 3.42
3.0 5.2 56 4.00
2.5 6.5 39 2.42 5.9 47 3.83
9 3.0 5.8 49 2.92 5.3 55 4.67
3.3 5.6 53 3.33 4.1 65 5.67
3.0 6.3 45 4.00 5.6 61 3.33
10 3.3 6.0 51 4.67 2.5 62 4.00
3.5 5.8 55 5.00 5.0 65 5.25
3.7 5.3 59 5.25




(mh
71 F LAAM & e vkl 2ol Ud ASAsHE stolA A 117 A
Lol mlsted ndssEe] vatdaoldastes A4 &+ Ao dsd £
Foll gk A4 Y E&8S dsiE 19 8V, 25A FoF A 1n9 10V, 3.0A
T7F 7HE =den dajdE 119 10V, 3.0A~3.7A& "¢ @2 ot A8F o)
A A 7P w2 AdEE dEhd ¢ e Aldae AsiE 119 10V,
3.5A 24 65ppn<S Ald ATt

k

055A/cm’2 AP ER oY FF 13
WA 71 A R @529 ezt

2
=
o =S

2l
g HESAI =00y 42 EEHE(T)H & 3v)
N =P =5 EEw & 29

A=9 =7] 55 x 120mm (7 0.5t)

A= 744 - 3.7mm

7t Aolols Ealo|2E 2 RAEY FAHolLwF vho] AIIE

o 1
1.85mm tA o2 wjdd A

_45_



-—:&i
11 ==l

B0

1™ 6. FATHAS = 7=

(th BAE ZAsNFe] 3ol o3 B
A+ (H 7.1, TDS 85) 10Lel 22% ZAw8H 45mLE& H7IsE s AFEHS
w3 27L2 B A3z FYste] A= DC 16A, 12VE Q7S 18 6. oA

He A7t ddels B2 28 As FdAs s B8 E BE 24t 4

o5

Aol d gkl Ad YA Adge] AAAFS 1,350mLE FASHA A S i,
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1350 (20) 67 (1 2.60 47

_46_



o

1L9]

Qa4

ANl

4L

ojFA do=A

ggoss bssta

negz &%

() dsil= oA

3

/1\_]__

shel o

_g]

ol

el &

A

Ze A

ST

HAE

S
=

A A

b

]

ZaAZ02A

=3 pH7l 2.7014 5.00]

TH

T oWE A

T EE

3)

%l

ANl

12 =3

3|

Pl Hlms Aol wps

o Z gHL 7s

2=
Zs

o A\l

¥r

2]

_g]

1

=R
N

)

ox

™

o

oF

Zgoz
=

3 %

—_L
=

A=A d= &)

7

=13
o}

N

AN

= 23ol

ol Al =

= 9y

3

| <= =]

EEERETEN

H4

0
I

o

vl 2}

1
T

of ¥ 7.0l B

Tl

M

p—

sy
oo

ar
N
joe
Ho
"

TH

_47_



9 3% 7004 B upst go] ole%x Autol smm FA THE 127 Hol
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ol# 3 A EHE ga == dito A2FES HAUE AL ASEE st £ A
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CE 4 PRl ALNF HA ABA

A= el A 0 A 1
sl & s 2
“ACC A= ACC A=
\Y A pH (oom) B pH (oom) EATF
PPV PP (mL/)
5 30 - - — 40 60 5.42
3.8 38 59 5.00 37 62 6.08
3.3 . - - 41 65 5.67
. 35 48 60 3.83 3.9 70 6.00
37 43 69 417 41 7 6.42
4.0 40 72 467 - - -
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10 3.7 - - - 4.1 68 5.42

4.0 4.6 60 5.42 3.7 73 6.00
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2w A A 7F potential TEEATE
- (mim) A \% (ppm)
Ti/lrO; 15 3 53 59
Ti/RuOy 15 3 18.8 99
Ti/lrO2+Taz0s 15 3 16 74
(-)=2(cathode) oA FHHSke] wow (W= HAAFrt 3
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(3 =2 A
HEAAZ, FAF, G AFo R wjdEgoen AIF EL 49ImmE Y

.

=9 LoA = g Adeuiel o] A Zled d5S F8&, WA & F As HaAlxY
A7 47.5(W)x30(D) X 84H)mm=EA A& PVC= st emn Hajd =7 N9

(5) A=2] 7 : 2,000+ %k
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o 2aREel =g 34AA

Ao zol A dafdel sl olste] AFE ALeE=HLEYF gasyt FHHok FE
g Hbgo] dojuA] @fow mnkgo] vt Aol BaiE Ant A ART
oAM Zlgsty daASHE U *3”" dasEE AFAZIA o olHd AL

SIS

AATH
%, 23 FEYEE AL Foe AAFIAAM AFAH dxF7F FaxEHAL, o
3 5. oA BHE upe} o] B o] V&S A L% vakA ?‘40}0&&{—?54 FraEdLE
S A T 1do] AR W A2 w59 96%E FASIL Ao B NS
o] AAE HEA 2 wabdatold ke E 80%0 AUA et B ANEAAE
A &otA ofyd g SR 71 HFo] o] oA A o} mRkEol dav) I
HA7l WEeleta B A4 29 o5 fFEILHAE S5 B NEEAY A8 o



(E L AT FEdLsRe AA Wsh

) Ak 2ot Ak FE A = (mg/L)
B F A 23FEYelE & AY 2aAFEY s A
A A5 25(100) 25(100.0)
1¢ 20(80.0) 24(96.0)
2d 18(72.0) 23(92.0)
3d 17(68.0) 22(88.0)
49 16(64.0) 21(84.0)
59 15(60.0) 20(80.0)

25 0 2AE fEdLEES BESS YER

I AR dolA B wheh o] Ms|zel WFel Ry 84 EFEAL
28 Aol a0 AR (120-200LA7De] BEE Aehd 2

® 604 RE wle} 2T
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<{Z 6. tolot=zd | FEAT

)

o
[

T8 DIAPHRAGM N=F& DIAPHRAGM A%
&5 200~220 mL/min 60~80 mL/min 25~35 mL/min
EE% 500KPA 220KPA 100KPA |2
RPM 430 80 60
ZE AL DC GEARED EIR-S B
I B}o] /SUS/PVC = PC/ABC, POM
=& AET AEH
FUEEmE FTUEESS FUEEYS
s Hj| F 3 <F Hjj 9t 3 oF 4 Fs
F21EAY 2k 29
JH] g JLH] & | H] &
FE T4 H2E
B u EudX Hixo YFA H2E 273 H2E ZAFdE 0L % 794 BRE
nie} 2t
<& T4 "H2E A3
o Zk 7}& A ZHHR) +5 L) Aol E L) H] al
2013. 9.10 10 11 11
11 6 6.6 18
12 10 11 29
13 10 11 40
14 8 8.8 48
15 9 9.9 58
17 10 11 69
18 10 11 80
20 10 11 91
21 10 11 102
22 11 12.1 114
24 12 13.2 128
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25 10 11 139
26 10 11 150
28 10 11 161
29 10 11 172
30 10 11 183
10.1 10 11 194
2 10 11 205
3 10 11 216
4 10 11 227
6 10 11 238
7 8 8.8 246
8 9 9.9 256
9 8 8.8 265
11 10 11 276
12 10 11 287
13 10 11 298
14 10 11 309
16 10 11 320
17 10 11 331
18 10 11 342
20 9 9.9 352
22 10 11 363
11.1 4 4.4 367
2 10 11 378
3 10 11 389
4 10 11 400
5 10 11 411
6 10 11 422
7 10 11 433
8 12 13.2 447
9 9 9.9 457
10 10 11 468
11 10 11 479
12 10 11 490
13 10 11 501
14 10 11 512
15 10 11 523
16 10 11 534
17 10 11 545
18 9 9.9 554
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19 10 11 965
20 10 11 576
21 10 11 987
22 10 11 598
23 10 11 609
24 12 13.2 623
25 10 11 634
26 10 11 645
27 10 11 656
28 11 12.1 668
29 10 11 679
30 12 13.2 692 HXEZS

AN&8z7A : 5sec 7Hg | 2sec FA 9 HFEILE (104 7HY)
AFE-A) - HCl (9%)

- Flow rate : 25mL/min

471 &S} =AM He wpel o] Pzeol AFo] S5z kel 3z FAO FH=E

630413F TheolA LR A FEHE HAa AAl AR v Rtotd a4k 20L

o] AN H=H

6.0%°] «ats AHED Ao
2l

AZE oG o m F4

offt
o
—

(@ pv
»
offt
\]
P
4
XN
lo
o2
fu}
il
f
e
POUNE
o
=
=Y
>
rlo
N
(@]

1

5. MAFFAA R PCB A

A
AFole] AFIEEE 0.05~0.2A/mm*ZE AL 31 dasEe Aoldatty A
KN 3

et 4.0V~10.0V, 45A5 FEY 4 3+ switching mode power

AR 5.5
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(2) Alzer
dejd gzold Hdajx= ojFH= Ao A7 847+

g #F=x)

AR 9. Az B>

B AFNEes Bt iy AFdRd 2y dAdlS WA 2kgs ks
A o AEE AxE F¥Y2EE et 2o

ez sh-94

A HE oA

2do] A - AFA F A FA

HEEY  A59a 14 2+

Asd Pz vy 9 AW, ZEHA =, &9, < - o} HH
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S ELLIR]
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<E 8 A F AE>

ED ES 7VEA | FA7EE

(mm) (mm?) v A P AcC ZHhr) | A1ZHhr)

5.1 4100+ 4 2.2 6 8 8
4 2.2 6 23 10 18
4 2.2 6 22 8 26
4 2.2 6.2 23 9 35
4 2.2 6.3 18 8 43
4 2.2 6 21 8 51
4 2.2 6.4 18 9 60
4 2.2 6.5 19 8 68
4 2.2 6.3 23 8 76
4 2.2 6.3 24 9 85
4 2.2 5 30 10 95
4 2.2 5.5 25 10 105
4 2.2 6 23 10 115
4 2.2 6.2 20 10 125
4 2.2 6.4 20 10 135
4 2.2 8 143
4 2.2 6.2 22 9 152
4 2.2 6.2 20 9 161
4 2.2 6.4 17 9 170
4 2.2 6.2 23 9 179
4 2.2 6.3 21 9 188
4 2.2 6.3 21 9 197
4 2.2 5.9 25 9 206
4 2.2 5.8 25 9 215
4 2.2 5.8 25 9 224
4 2.2 5.8 30 9 233
4 2.2 6 18 10 243
4 2.2 6 20 10 253
4 2.2 6 22 18 271
4 2.2 10 281
4 2.2 6.2 20 10 291
4 2.2 6 23 11 302
4 2.2 5.9 27 9 311
4 2.2 5.9 26 9 320
4 2.2 6.2 20 9 329
4 2.2 5.8 22 9 338
4 2.2 57 29 9 347
4 2.2 5.7 24 9 356
4 2.2 5.4 25 9 365

_60_




4 2.2 5.5 25 9 374
4 2.2 5.4 23 11 385
4 2.2 5.7 29 10 395
4 2.2 5.7 25 8 403
4 2.2 5.4 25 8 411
4 2.2 5.5 25 8 419
4 2.2 5.9 25 8 427
4 2.2 5.8 26 8 435
4 2.2 5.8 26 8 443
4 2.2 4 25 8 451
4 2.2 4.3 29 8 459
4 2.2 3.9 25 8 467
4 2.2 5.9 25 8 475
4 2.2 5.8 26 9 484
4 2.2 5.8 26 9 493
4 2.2 5.9 25 10 503
4 2.2 5.7 29 10 513
4 2.2 5.8 25 10 523
3.8 2.2 5.2 29 8 531
3.8 2.2 5.1 28 8 539
3.8 2.2 5.1 29 8 047
3.8 2.2 5 30 8 595
3.8 2.2 4.9 30 8 563
3.8 2.2 5 29 8 571
3.8 2.2 5.1 28 8 579
3.8 2.2 5 29 8 987
3.8 2.2 5 29 8 595
3.8 2.2 4.8 30 8 603
3.8 2.2 5 27 8 611
3.8 2.2 5.4 27 8 619
3.8 2.2 5.3 27 9 628
3.8 2.2 5.5 25 9 637
3.8 2.2 5.1 29 9 646
3.8 2.2 5.4 29 9 695
3.8 2.2 5.5 25 9 664
3.8 2.2 5.3 30 9 673
3.8 2.2 5.3 30 9 682
3.8 2.2 5.4 28 9 691
3.8 1.9 5.6 28 9 700
3.8 1.9 5.5 28 9 709
3.8 1.9 5.5 28 9 718
38 | 19 5.6 28 9 727
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3.8 1.9 5.7 25 9 736
3.8 1.9 5.5 29 9 745
3.8 1.9 5.6 27 8 753
3.8 1.9 5.6 27 8 761
3.8 1.9 5.7 25 8 769
3.8 1.9 5.7 25 8 7
3.8 1.8 5.9 23 10 787
3.8 1.8 5.8 25 10 797
3.8 1.8 5.9 24 10 807
3.8 1.8 5.7 25 10 817
3.8 1.8 5.8 24 10 827
3.8 1.8 5.9 24 10 837
3.8 1.8 6.1 23 10 847
3.8 1.8 6.1 22 10 857
3.8 1.8 6 23 10 867
3.8 1.8 6.1 23 10 877
3.8 1.8 6 24 8 885
3.8 1.8 6 23 8 893
3.8 1.8 5.9 25 8 901
3.8 1.8 5.8 26 9 910
3.8 1.8 5.8 25 9 919
3.8 1.8 5.7 26 8 927
3.8 1.8 5.7 25 8 935
3.8 1.8 5.7 25 8 943
3.8 1.8 5.7 26 9 952
3.8 1.8 5.7 25 8 960
3.8 1.8 5.6 26 8 968
3.8 1.8 5.6 29 8 976
3.8 1.8 5.6 28 9 985
3.8 1.8 5.7 28 8 993
3.8 1.8 5.7 29 9 1002
3.8 1.8 5.7 28 8 1010
3.8 1.8 5.6 30 8 1018
3.8 1.8 5.7 29 10 1028
3.8 1.8 5.7 28 9 1037
3.8 1.8 5.8 27 8 1045
3.8 1.8 5.6 30 8 1053
3.8 1.8 5.5 30 9 1062
3.8 1.8 5.6 29 8 1070
3.8 1.8 5.6 28 8 1078
3.8 1.8 5.8 25 11 1089
3.8 1.8 5.6 29 9 1098
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A EFH2ED)
NG %ﬁ%ﬁﬁl 2 (mL/ Gara NO %%k-ﬁl fEmL | et
3 30sec) TA| /30sec) (mL)

1 10 320 1 10 340

2 15 380 60 2 20 430 90
3 20 440 60 3 30 560 130
4 25 500 60 4 40 670 110
5 30 550 50 5 50 770 100
6 35 615 65 6 60 910 140
7 40 650 35 7 70 1020 110
8 45 680 30

9 50 740 60

10 55 770 30
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11 | 60 | 850 80 |
A EG2ALY) 53 A 2102 D) 113
FFA EFH2EQ)
NO A | EmL | ER NO FHA | FEmL | FER
T 30sec) (mL) T3 /30sec) (mL)
1 20 350 10
2 40 700 350 30 550
3 60 1100 400 50 940 390
4 80 1480 380 70 1220 280
FrEEab (2022 A1 Q) 376.7 FreEabg F(202-A1 Q) 335
A EFH2=EQ)
NO %ﬁ%’ﬁ_ﬁl FFmL/ | FH=F NO %%’iﬁl = (mL P
I 30sec) (mL) T4 /30sec)
1 35 600 1 35 600
2 45 790 190 2 45 850
3 55 1000 210 3 85 1600
4 65 1200 200 - -
5 75 1400 200 B B
FFAEH F(102=AY) 200.0

BC-18059] #74

60 Kpae. 2 =H=1 o]&

AA A Asgtez AAHAT

2 Max 180L/Hrel™, ojujo] #2773 1ed A e o
FEAA Aogtoz HaAd 80~85 42|71 BC-180S2]

>

(th e
BC-180S 3l =2
&4 L3 =4
stAom s
T/ = o AT,

I E]
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AabEE AFFTx AWy Ad4x

R dEs £59 922 WHA, FHA A®S AL, AREA HAC

(7h) =] a4 A
AZE A AGA AE/FE 70l BAE o, o= AN HAHAA

o3t Wkl AEAA B AN AsAIE Tlse sl d.
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9l A A

o AAEAE B A=A

D AAFHESAH D)
7 EF 49 Ab 7l =
109*48*30mm Aojuler 5Keffom?
B N25=TH 8 0 ° sHe
A - 180L/Hr
A AENT 6 0 FHo & /
47%89*78mm ) ) )
oAb 3 i AW EZZF . 30mL/Min
A=+774 :6 0
SMPS 100*150*38mm AL : 4~10 V (4~6A)
HAFEZA Eoln, I3 AL I 215
H IPCB 102*72mm
|75 +37]%F
2.7 , DOT;
LCD
240%320
Soio] = 55.5%35%28 A ojuler 8Kefjem?
S o= H =2 cm
A2577 100 &
* * o
PRy 55-3 37*370 A% 30L/min,
AEF74 12 Ho <t 1.75MPA
) =28 85*24mm H et 5Kgf/cm?
6 ©:355,175,300mm
1| 32
8@: 185, 190mm
150*70*230mm
SR
(2L)
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b 24 BH A

NAFHZEs daaa@dol U Aopdaibs=et 24 pHOl &
o

HFT 24E 6% AqFAS AT v Aot At AHEL S o

BC-180S A]## TEST (m]4Hd He))

Al A
NO G S |Ax=E| v A pH | ACC
ZHH)
1 38 | 225 6 23 10
2 38 | 2.5 6 R 8
3 38 | 2.25 6 92 9
1 38 | 225 | 59 23 9
5 38 | 225 | 57 18 9
6 38 | 225 | 59 21 8
7 1 235 | 59 18 8
8 1 245 | 58 19 8
9 1 235 | 6.1 23 10
1 235 | 6.1 24 10
" 1 2.85 5 30 9
1 265 | 55 % 9
1 2.45 6 R 9
11 1 245 | 6.2 20 9
12 3.8 2.4 6.4 20 9
13 3.8 2.4 6.2 92 9
14 3.8 2.4 6.2 20 9
15 SLIHr —373 2.4 6.2 17 9
16 38 | 215 | 62 R 8
17 38 | 215 | 54 21 8
18 38 | 215 | 59 30 8
19 38 | 215 6 18 8
20 38 | 215 6 20 8
21 38 | 215 6 92 9
22 3.8 2.2 6.2 20 9
93 3.8 2.2 6.4 23 9
24 3.8 2.2 6.3 27 9
2% 3.8 2.2 6.1 2% 9
2% 3.8 2.2 6.2 20 10
27 3.8 2.2 5.4 22 10
28 3.8 2.2 57 29 10
29 3.8 2.1 5.7 24 10
A
30 3.8 2.1 5.4 25 0 |
<3 =
W FEA A 2.3 5.9 23
AREE d3lEE oF 1300413 AH8-E HAl2E AAESIF o™, Hi 9 B} AA|FS
AR AZE AZFE AFLSATE ASSYAIAE A7 75t HF
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HAa%% 23mg/LEom Ao FEo uet dad EAo] HAEHA 2s AL
AR A Het 38V AHAAAFA 22A00A mAAETEANAN G5 AAE
< g doy, YFALAan S 95 mL/Hr ol o (4 E:pH 7.2, TDS:85)

BC-180S A141% TEST (oh4t4 W)
ER N .
NO | G S v A pH | ACC | R
1 45 | 24 | 45 | 35 6
2 45 45 | 33 | 17
3 45 43 | 35 | 27
1 45 43 | 31 | 35
5 45 45 | 35 | 41
6 45 44 | 32 | 48
7 45 43 | 36 | 57
8 45 43 | 36 | 67
9 sLir |45 43 | 36 | 75
10 45 43 | 36 | 8
11 45 | 25 | 4 37| 9
12 45 41 | 36 | 100
13 45 4 37| 108
14 45 39 | 38 | 118
15 45 | 27 | 38 | 39 | 128
16 45 38 | 40 | 135
17 45 39 | 40 | 145
18 45 | 28 | 38 | 42 | 152
19 45 37 | 45 | 162
20 45 36 | 43 | 17

SRAM | ~E =
™, st 4.
A

JromdA FER A%E 994 Aslod, WAL HAEA B we AR 24
A HE FEF FAE /HT + 9oy Aslx: £9 L AP HFERF
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=
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17-44.1%2) QA EZAE YERA S, FEAHFE o] &3t nloj2dE
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H A ApoldAAbrE 28.7+0.8 ppmoll Al H4A 27.1+£0.4 ppmeE °F 1.6 ppm 4
st om oFakA xlold A4EE 60.7+2.0 ppmollA HA 55.9+1.2 ppmoE 5.2
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I.

SUMMARY

Title

Evaluation of characteristics of low-volume and high-efficiency slightly/weakly acidic

hypochlorite water production system and development of its application technology

II.

1.

Research objectives and needs

O By prompting participation with cooperative processing center, regional strategic food
group, agricultural, industrial, and commercial convergence business, agricultural
cooperative, agro-processing factory by farmers, and linking with food industry and
food service business, to provide necessary and advanced hygiene control system for
food processing and distribution is required to create markets for domestic agricultural
products. To this end, developing technologies of the investigation on properties and
useful applications for small scale generator of weakly acidic hypochlorite water
(effective chlorine level : up to 80 ppm) with low price and high efficiency, will serve
the stepping-stone for jumping the equipment industry of weakly acidic hypochlorite

water to high value-added industries.

Scope and content of research and development
O Investigation on electrolyzation properties depending on electrolytic cell and electrode
O Investigation on properties of dilution equipment
(O Evaluation for sterilization efficiency of generated weak acidic electrolyzed water
O Analysis on variation in levels of chlorine compounds
O Evaluation for sterilization efficiency on surface of hygiene facilities
(O Analysis on properties of slightly acidic hypochlorite water depending on supplying
water for generation
(O Evaluation for sterilization efficiency by applying for sites such as small scale workshop
O Development of standards for processing of washing and sterilization
O Development of practices for processing of washing and sterilization, and hygiene

management for using slightly acidic hypochlorite water

. Research results

1. Investigation on electrolyzation properties depending on electrolytic cell and electrode
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(O As a result of analysis on physical properties of generated hypochlorite water
depending on electroylzing method adding 6%(v/v) HCl and hard water compositions
by Hankook Cosmic Round corporation, pH was 5.4+0.2 and effective chlorine was
51.2+2.8 mg/kg. In that case, NHyCl, NHCl, were detected at levels of 0.01 mg/kg
I} 0.90 mg/kg, respectively, and ClO, ¢} ClOs~ were not detected and then this
process is expected not to form chlorine by-products.

(O On basis of 3% HCI (at dilution rate of 200 times, 3.5A), the pH was 6.04+0.06, the
amount of effective chlorine was an average of 25.8+0.8 mg/mL, and the

fluctuation rate was +3.8% by effective chlorine.

2. Investigation on properties of dilution equipment

(O Considering effective chlorine and pH at once, the diameters of Venturi tube were
suitable for 2.5 mm - 2.8 mm, whereas considering pH, its stable diameter was 2.8
mm.

(O With the equipment set in the nozzle diameter of 1 mm, orifice diameter of 3.0
mm, the nozzle diameter of entrance and exit of 38.75 mm<} 36.75 mm,
respectively, the electrode size of 20x80 mm, the electrode gap of 3.75 mm, and
the tubing capacity of 30 mL/min, generated hypochlorite water showed that pH was
6.6+0.1, effective chlorine 18.0+0.1, and consumption of 4.5% HCI was 60.0+0.2
mL/min in 2.5 A of voltage. In 2.8 A of voltages, generated hypochlorite water
showed that pH was 6.3%0.1, effective chlorine 23.1+0.2, and consumption of 4.5%
HCI was 65.0+0.2 mL/min, and in 3.0 A of voltages, that pH was 6.1+0.1, effective
chlorine 25.940.9, and consumption of 4.5% HCI was 30.1£0.2 mL/min.

3. Evaluation for sterilization efficiency of generated water

O As results of evaluation for sterilization efficiency of generated weak acidic
hypochlorite water for 11 types of bacteria such as Bacillus cereus KCCM 40935,
and 8 types of yeast and fungi such as Aspergillus flavus KFRI 855 at conditions
without contamination, all of tested microorganism were reduced by 6 log cycle.
susceptibility and resistance depending on bacteria, yeast and fungi were expected
to be little different

(O The reduction efficiency on vegetables (leafy lettuce, vitamin vegetable, sesame
leaf, endive leaf (Cichorium intybus L.) and kale), and fruit vegetable (cherry
tomato), was analyzed by immersion washing with the generated water. Slightly
acidic hypochlorite water with level of 26.6+0.76 ppm reduced 1-1.5 log cycle of

microorganism by soaking sterilization for 3 min. The water with level of 52.2+2.10
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ppm leaded to reduction of 2-2.5 log cycle. In storage at 10C for 7 days, treated
samples showd less level of microorganism than samples with nontreatment and
treatment of tap water after storage of 1-2 days, and induced eventually similar
level to other treatment. Weak leafy vegetables including lettuce and vitamin were
induced to partially reduce texture properties and Hunter’ s color value (higher
L-value and lower b-value) by immersion in weakly acidic hypochlorite water for 3
minutes and these treatment is expected to lead to vegetable tissue injury.

(O As results of inhibition test on biofilm formation using Staphylococcus aureus ATCC
6538 (KCCM 11335), weakly acidic hypochlorite water of 52.2+2.10 ppm induced the
reduction effect by about 17-44.1% compared to nontreatment sample. In the
reduction effect of biofilm formation using glass wool, the generated water of
26.6+0.76 ppm reduced 4 log cycle, and that of 52.2+2.10 ppm reduced 6 log
cycle. Therefore, generated water with relative higher oxidation potential is
expected to reduce microorganism with high efficiency.

4. Analysis on variation in levels of chlorine compounds

O During immersion sterilization of vegetables (leafy lettuce, vitamin, sessamine,
witloof chicory (Cichorium intybus L.) and kale), and fruit vegetable (cherry tomato),
the concentration of effective chlorine was declined from 28.7+0.8 ppm to
27.1+0.4 ppm by about the level of 1.6 ppm using very weak acidic hypochlorite
water. In weak acidic hypochlorite water, its level decreased from 60.7+2.0 ppm to
55.9£1.2 ppm by 5.2 ppm.

O After soaking sterilization on vegetables (leafy lettuce, vitamin, sessamine, endive
leaf (Cichorium intybus L.) and kale), and fruit vegetable (cherry tomato), chlorite
was in the level of non-detection. The concentration of chlorate increased from
10.8+1.9 ppm to 15.7+2.6 ppm by 4.9 ppm in very weak acidic hypochlorite water
and from 17.6+0.9 ppm to 21.9+1.8 ppm by 4.3 ppm in weak acidic hypochlorite
water

(O After treatment of electrolyzed water, samples were naturally drained for 10
minutes and placed for 30 minutes. Then the level of remained chlorine
concentration were in non-detection level

5. Evaluation for sterilization efficiency on surface of hygiene facilities

O Types of surface were assessed on sterilization effect of electolyzed water for
plates of three materials, stanless steel (SUS 304), wood and PVC using
microorganism £. coli ATCC 10536 and S. aureus ATCC 6538. Both of very weak
acidic hypochlorite with 26.6+0.76 ppm and weak acidic hypochlorite with 52.2+2.10
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ppm had reduction effet on microorganism by 3 log cycle on the plate from
stainless steel, by 2 log cycle from wood and by 3 log cycle from PVC.
6. Evaluation for sterilization efficiency by applying for sites such as small scale workshop

O The contamination level of smoked duck with heat treatment was 4.9x10°+1.5x 10?
CFU/g, that of samples with sprayed by ethanol was 3.6x10°+1.2x10? CFU/g,
whereas that of samples with very weak acidic hypochlorite water with 26.640.76
ppm was 7.5x10°+2.0x10° CFU/g and that with 52.24+2.10 ppm of weakly acidic
hypochlorite water was 2.0x10°+1.6x10?> CFU/g similar to level of sample treated
by ethanol.

(O Viable cell count on working utilities and facilities such as slicer, gloves of workers,
knife and kitchen board, were in the level of 3 log cycle in microorganism. By
treating with very weak acidic hypochlorite water for 3 minutes, the level of
contamination was decreased by about 1 log cycle.

O Contaminated level of coliforms in manufacturing facilities of rice cake was 1-82
CFU/cm*. To control the contamination of facilities, treatment with weak acidic
hypochlorite water reduced the level of coliforms by 1-8 CFU/cm® Replacing cooling
water after shaping rice cake to weak acidic hypochlorite water leaded to reduce
the contamination of both coliform and Escherichia coli in non-detection levels.

O For fresh-cut products such as sliced carrots and potato, sterilization effect were
tested in both of conventional manufacturing facilities and pilot of Korea Food
Research Institute. Sterilized samples treated by weakly acidic hypochlorite water for
3 minutes in the conventional facilities was in level of 2.7+2.4 log CFU/g of viable
cell counts, while samples treated by weakly acidic hypochlorite water and by
microbubble of 1.5 kg/m® for 3 minutes in the pilot were in reduced level of
1.8+1.3 log CFU/g. Also, viable cell counts of sterilized potatoes treated by the
conventional methods were in level of 3.6+2.97 log CFU/g, while them by the wak
acidic hypochlotrite water and microbubbles, were reduced 2.7+2.49 log CFU/g.

(O Establishment of standard operating procedure (SOP) for washing and sterilization
processes exclusively using water for disinfection, based on results of sterilizing
effect by exclusive or multiplicative treatment. Composing main process of 4 steps
of first washing as basic process, second washing, disinfection and rinsing.

8. Development of practices for processing of washing and sterilization, and hygiene
management for using weak acidic hypochlorite water

(O Prescribing manual for management of generating weak acidic hypochlorite water,

preparing processes and conditions of raw material of fruits and vegetables, and
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designating manual for period and tools of washing and disinfection on things
related to production such as worker and their clothing, indoor workplace, keeping
and transporting equipment, toilet, tools and appliances, cleaning items, and hygiene

facilities

V. Achievement and plan for practical use
1. Research achievements
1) Qualitative achievements
O Establishment of applicable standards to food processing by anaysis on chlorine
compounds of and evaluation for sterilization efficiency of weak acidic
hypochlorite water generated by new method
(O obtaining applicable data for processing plan on production spot by assessing
reduction efficiency on contamination using weak acidic hypochlorite water
O Establishment of SOP for washing and sterilization processes exclusively using
water for disinfection, based on results of sterilizing effect by exclusive or
multiplicative treatment
(O Development of the processing management manual for reduction of foodborne
pathogen and the guidelines for hygiene management, to apply for preparing
agricultural and fisheries fresh produces
2) Quantitative achievement
O Articles
- in publication : 1 case (non SCID)
- in drawing-up : 2 cases (non SCI and SCIE)
(O Patent : Not applicable
(O Technology transfer : Not applicable
O Education
- Korean Agro-Fisheries and Food Trade Corporation, 2015 Education specialized in
agricultural distribution, at Korean Food Research Institute ( ‘15.04.21)
2. Plan for practical use
O Apply for establishment of hygiene management system for food safety
- The guideline and basis for microbial quality control utilized in application method
of quality control system suitable for actual condition of foodservice facilities
O Utilization in information to the nation by promotion, education, training and
demonstration of reduction technologies applied for safety of the agricultural and

fisheries fresh produces and the non-heating treatment foods
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O Technology training of the manufacturers asking for technology transfers
- Applicable companies for relevant technologies such as food service distributors for
school and manufacturers in food processing machinery

O Publication of relevant technologies in journals
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magnetic fields, OMF), WA ZAPH(radiation), % 2 2~(high-intensity pulsed light), %

vh(ultrasonic), £=(03) Fol A/ glor, 35H4 WRo 2= oj4hsiehd, Hhe| g 4],

Yol ts LEAHpolycationic polymen)e} #Z-2 3st=4d, A=y F3 &i(lytic enzyme)

= ol&stAY, olEd E83EE AgsE 2Fetd odAE AHsts hurdle
technology”7} ¢l

O Ztzte] mid 2+ WS Y AFo w2k 11 38 7FeAel vEH afo A3 A
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O 7ledzs 244 A71al5el dalxsl AR 53171 364, vy d/8ss Bd A
Az E8) 107, AoldatIESS Be Palx Sl 7Aoo d thrre] gl
Nz BAE 589 =

g £3517F FE ol FAUe. AF olelolle A= A, AeAd
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I F2 A FEok
T2 Fgof tit
O HAHAd Aol o] &3 AR AT A= AdadFHZE 5, THFS
g+3]7], 2013), H4HE ApotP Aty E o] 83 FHR ;MR A= Aoz Aito] #I
A (Hiromi et al., Japanese Journal of Environmental Infections, 2012),  Phytophthora
parasitica var. nicotianae®l ™g A+ E I (Ya-Tao et al, Crop Protection, 2012), w]4Hd =}
olA AT o]t EunfES FgolHo tigt dA] EI(Tsuno, K. Kai, Y. Nakamura,
T., Bulletin of the Faculty of Agriculture, Miyazaki University, 2012), Al 7549 A%
of mX|& w4 AolE A4S B I (Pahman, J. of Food Sci., 2012), w4Hd Xfo}d A4k
T Ay BE FUEe] HAZF FZWM3}(Journal of the Korean society of food science
and nutrition, 2011), 2°]¢} EvtENA S WAX A E coi O157:H79] A 73t tf gt
A (Pangloli P. & Hung Y. C., Journal of food science, 2011), & &7t& Arae] 4o
th3t B (Graca A. Abadias M. & Salazar M., Postharvest biology and technology,
2011), H&7HE ALF 2 ABA L g B F(Issa-Zacharia A., Kamitani Y. & Miwa
N., Food control, 2011), Sucrose Fatty Acid Ester®} Microbubbles< ©]-&3%t H]4HAd =}o}
HaAbFo] AlA FabE] Ok o] W88 3 (Soli et al, Food science and technology
research, 2011), HA7FE cilantrod W3t vAE A&7 (Hao J, Liu H & Liu R,
Journal of food safety, 2011), At Tl thd Pl = A ZFH(Koide S. Shitanda D.,
& Note, M., Food control, 2011), Bt A hFolA wlola=2HE P A7 E3lFe] AlF
s ﬁ‘}iﬂ-(Lee et al.,, Journal of the Korean society of food science and nutrition, 2011) &
& o=l e gl ek Zo] FE ol Fi S+

O wl4iHg zbotdastre] A 71& o] 19909t o] & @A @] wEel AAELA Y Al
==

28 3o 3k =2 ol 7| 6:]:“1 80 ppm FTFE w4bd ApotHaAtgol] tiEk A

TA}E Bud b gle Ao YEys. Out 4y w719 AT A A5FE &85

71 $1%F mAbg Apobd Ak A A A 7H‘ﬂaL 1 =8 (Honda Y. iEFEREMEEEEE, 2003), &

e A5 E 3 |4 Aol A4k A W (Suzuki K., Nakamura T. & Kokubo S., Bl
Ll

of Azglolut AP BAH =0 AY WEAYS
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A 3F dHNEsY e R 2

AldAs 3 P

1 A=

7}y A AET
H A ZpotP it Ax2AAE AT E(F)Y S dEE JF HAA Afold s
X (Model : BC-210)9} ¢4k Apold A4k A X ((Model : BC-210)& AF-8-31

/1\_]__
o AHER FES, VIAY Rol@aia, Ry Fol@atse B4 The Table 19 2%
=
5

il

_‘|
o
AFdo] BFZF2 NaClo9h CLE WX E

Table 1. pH, ORP, and HCIO and available chlorine concentration of sanitizing water used in

this study
e . 1 Available chlorine
Sanitizing water pH ORP (mV) )
(ppm)
TW? 6.76 793 -
SAHW? 6.31+0.14 86121 26.6+0.76
WAHW* 3.92+3.49 1,103+38 52.2+2.10

! Data represent means of three measurements.
2 Tap water

3 Slightly acidic hypochlorite water

4 Weakly acidic hypochlorite water

U AR
A MG Aol A AT, AL, vEIAL, e BEvE, XE 2 AL ¥ 75

Aol Al T3k, 4+1° C, RH 90-95% =7 ¥ HA3tAA AFol o] &35t

ot AleF gl HjA|

59| wjoko] AF-83F Nutrient medium, LB medium-& DifcoAHDifco lab., USA)2] A& A&
391 e ™, NaCl, NaClO,, NaClOs, NaH,PO,, NaH,PO; 5¢] chemicals-& SigmaihHSigma Co.,
USA)e] A&, lon chromatographyel]l AR83F water= <<FAZ%X(model : Milli-Q plus,
Millipore Corp, USA)E A3+ 189 o]3} &ol&FS A8t
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H4kd Apold bl FEA WUt AMES £ coli ATCC 10536 2 S aureus ATCC 6538
= SFAHEFEATAKCTONA BF w2 A&, J8la Bacillus cereus KCCM 40935,
PBacillus licheniformis KCCM 41412, PBacillus subtilis KFRI 183, Campylobacter jejuni
KCTC 3569, Klebsiella pneumoniae subsp. pneumoniae KCCM 11391, Lactobacillus
brevis KFRI 466, Pseudomonas aeruginosa XFRI 190, Salmonella enteritidis,
Staphylococcus aureus KCCM 12214, Salmonella typhimurium KCCM 11862, Aspergillus
flavus KFRI 855, Aspergillus niger KFRI 993, Clostridium perfringens KCTC 3269,
Penicillium citrinum KCTC 3733, Candida albicans KFRI 432, Rhizopus oryzae KFRI
1007, Saccharomyces cerevisiae KFRI 1014 2 Zagosaccharomyces rouxii KFRI 00214
zkzy S A FATFAKERD, S=FAHIKCCM) 2 g AE FTATFAKCTOANA sHAA=
A2 Bk wkol 50%(v/v) glycerol stockdte] -80° CollA] W5 R ASHA AL&31S o)

2. AEAY
7 AA

4%, AL, MERAL T ErkE, AE 9 Ade] FAARL Az FEu 1085
Aol aitao] ABs HA A= sl FAMFHAM FAAFE FF4, chlorine

A } 3
species, &7, M2t W3 5& BT Ao AL AlFH A= AP FRE A Q5
BHFd B9, 13 MF, 743, HE A3, nfo]la2HE M o]

i
cAH R Thedt AEEA A AulE APl o] &skAtkFig. D.

Fig. 1. Pilot scale washing & disinfection system and microbubble disinfection system used
in this experiment.

U A awe] A%
AAANY AaFe FA WsE BAG) et ARE o 10M5e FES wag 2

obed ibret SRR Apoled dak
A

At
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e vdsH Zol AT #3 =ukE 90C dry
s 1 Lol E coli vie¥d 10 mL (10° CFU/mL)S 713+
A@dol Hu7]E 283 A QAAZ] s 1083 A4 Adesstn Trtet Z&
o] g3t 103] ZAs ATt A ErtE FET9 XPOP 2 E MASFE ZEHA FARR
TAZAA 1023 23] 9H5 A Hstdt o] W AFSHA] e s HETE SHATH

o

3. B4
7} a4 E4(Quantitative suspension test)
1 Quantitative suspension test

AaZao] FFo thi dxpzQ A8 Fa4 Hrls EU CEN 1276:1997 (Quantitative
suspension test)oll wel L FxANA Hrlskdoh AME3 A4+ MgCl, CaCl,, NaHCO; &%
H(600 ppm)e] 2™, neutralizer= lecithin, polysorbate 80, sodium thiosulfate, 1-histidine %
saponine?] EgHo|utt. A EZZE 0.3%(w/v) bovine serum albumine AF-8-3}3 T
2) AAE x4 A AF

o] 52| Wl we} 5x5 cme xEdEA A”EUS 304) F3 HA), PVC &A1) Zekx
B-& 100C oA 543 B¢k AxEFE o BH59 E coll ATCC 105363 S aureus ATCC
6538 EFTFE 5l LB mediumoll 4 37C, 24AI3F HjF$ o3 106 CFU/mML 2] dE
NS zASt] ZAzbe] mHo HFSHAL 30EXF AXAZ T mARd I ofAbd afold Ak
5 mLE =333t 5x5 cme] WAL swebdtal 0.1% FESo] X343 32 LB agaroll

m
37CONA 2477 vieFe o2 M Aste] CFU2S cm’2 EA]3F o

. pHeF 4+313k9l A 91 = (ORP; oxidation-reduction potential)
A A++%2] pHE= pH meter (model 520A, Orion research Inc., MA, USA)Z =433 0,
ORP meter(Model RM-12P, TOA Electronics, Japan)Z =73} th.

t}. DPD ferrous titrimetric method

ClLE E43}7] 9138t DPD ferrous titrimetric method &2 24 3% t}h. N,N-Diethyl-p-phe
nylenediamin(DPD)-& % 7}sle] Standard ferrous ammonium sulfate (FAS)Z AA3le] 1.00 mL
standard FAS titrant = 1.00 mg Cl as Cl,/L. free chlorine®Z A4+ 3% T

2}. Total chlorine-iodometric Method [

Total chlorine® =& =A43}l7] ¢35t iodometric method I 2 =% ‘8}%15} 300 mL 4+zt

_]
o
Zet2==0 KI 1 g, Acetic acid 5 mLE 23 o]4kstd 4 100 mLE &3 ¥ 0.01 N sodium
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W 7kA] A3k starch 1 mLE Y3 thA] FA0] 2 wj7}x]

| E
ARG AAH ke th&2] o 2 total chlorinezts T3+ th.

(A +B)x N x 35450
mL sample

o]71o| A A = mL titration for sample

mgClasCl, /L =

B = mL titration for blank (positive or negative)
N = normality of NayS;04
v}, Chlorine dioxide (ClOy)
o]4ksld 4] %+ portable testing instrument (model DR-2800, Hach Co., Loveland, USA)
£ o] g3}te], US EPA DPD methodE 7]¥FS. & 3 UV spectrophotometric method2} DPD
titmetric methodE W 3ste] E43tAh.

Agol Bhel Ful 10u o] Ry Aoty aitez AAMAY ATk 3B B4 AA A
B PHFE o 3E 59 A B4 @ T4 0¥ 50 Do|e4E ST ol ARAL E4
& ARE Y

A}, Ton chlorine analysis

Chloride, chlorite, chlorate ©]2& EA3}7] 93l US.EPAOA EAsteE HHo=E =A3)
Atk AlEE 1802 o]3te gol&4 =2 A5t 0.45um ZHE AEgE 3 IC(biolC, USAZE &+
AL, £ 21 ot o] Table 294 2t

Table 2. lon chromatography chlorite analysis condition

Item Method
Sample Loop volume 10ul
lonPac AS12A  Analytical column + IonPac AGI2A  Guard
Column
column
Eluent 2.7 mM NayC0Os/0.3 mM NaHCO;
MMS Suppressor Anion MicroMembrane Suppressor, AMMS I (4-mm)
MMS Regenerant 25mN H2504

Expected Background Conductivity 14.3-15 uS

A=A A3 A7 10 g2 H3I FH 90 mLe] H#H 0.85% salineS 7}3}ed stomacherZ 18
b AN & o] AEdS 1 mLy FHeked 9 mLe] HHH 0.85% salinel2 ©HA 34
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3t pouring culture method® HZF3IA . o+ 2 A A2 Z+Z plate count agar(Difco
Co., USA)9} chromocult agar ES(Merk Co., USA)RRR]| S AR-g3}a] 35+ 1T oA 48AI7F vl oksh
T =¥3 colonyE A3t H#o] 2@ § %= Potato dextrose agar (Difco Co., USA) Hj A
E AEste] 25£1TC ol Al 4841 w3k & =37 colonyE A8ttt

AT = FFMI(L=97.75, a=-0.49, b=1.960)°c2 =RHAH AZA(CR-200, Minolta Co.,Tokyo
Japan)E ARE3te AlE 4 n=6-9°2.2 3} Hunter MAAJ L, a E b &S ZA43ATh

b 227

) 4579 hardness= Rheometer(CR-200D, SUN Scientific Co, JAPAN)Z o] &3t =A3}9
o} A& E stainless steel2 ¥ VA& probezZ 5.0 mm Zo]7kA] 9] hardnessE A3 =
A ke 2 kg, HolE olF4&EE 60 mm/minelth AEE FAE FE31 53] HHE
S & FHAAE JERRATH

A Aol AR AYe UAE A EZ 2332 (GDS-2304A, Gwinstek, Taiwan)S Ah-&3l<

= F(total dissolved solid; TDS)< conductivity meter(Model 316,
Corning Inc., New york, USA)Z =H3sta 899 A==+ 4S/cm=Z, TDS+= mg/mL=E e
Aot

3}, Biofilm A&} =

Ry
o
to
f)
al(f
o
odlh
oX
i
)
El
e
i
™
=]
AN
£
N

Staphylococcus aureus ATCC6538 (KCCM 11335)

S. aureus ATCC 6538 (KCCM 11335)& #viF<= I8 typtic Soy broth (TSB)ul=] <l
overnight (37°C, shaking) ®iaFatict. AwjeF &4 1x10° CFU/ML 2 343l A= x|
of #HE Al cell suspension= sterile flat-bottomed 96-well polystyrene microtiter plates
(200uL per welDoll &3ttt 37Tl A 243 AA] v Fste] nlol e AES FAAIZT
3) Viability test (MTT assay)

Hlo] Q" Eo] FAHHE F nlgo] BL FFE A9sla aspirationeZ WA E A AsIaL PBS
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49 (phosphate-buffered saline solution) o2 A& sl= A4S 33 WESFTE 4k Apobdd
24 AYE TR AASAT 50 ppme 2 24 kA ztold AAEE wello) ZHzt
100, 200, 300 «L# viof Attt tHEz v fiHd Zpotd ks thal PBSE4-S 200
uLAEskal 37C incubatorofl Al 283t WA|stATh ® & A FEA AT 25 ppme]
g Apokd At E wellell 2+ 10, 20, 25 ppme= A3ttt thEzT+ ofthd abobdaat
4 Al PBSE&Y-S 200 LA g]skal 37C incubatorol]l A 283F Wx|3}ATh o] aspirationS
NA LHS A A PBSE 9 (phosphate-buffered saline solution)©. 2 33 Al HslEth. 18
0.05 % MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide) &S 200 uL® *]
2]3}aL 37°C incubatoroll A 2417t F<F WHS-AlFTE ThA] o] = aspirationAA &AL A AL
PBS£-< (phosphate-buffered saline solution) .2 33| A& 3slHth. 5mM HCI in isopropanol &
H-S- 200L% welloll 7}skal 570nmelA FF3E=E =43

4) Biomass test (Safranin O assay)

ol @ FFo] FA4H F uigo| 22 #FE A9t wixE A A3 93l aspiration© =
A Askal PBS&< (phosphate-buffered saline solution) .2 33] Al &3} th 2F4bAd Xpold A4
T §99 Ages F/HAE st 50 ppmez =GR A APotd ke E wellol] 42
100, 200, 300 «L# Attt dEzT= b3 oA a4k thal PBSE&HS 200 «LA
3Fal 37°C incubatoroll Al 283t WX R T F HA A= 25 ppmeZ A% v|4kAd Zfol
A2a5E welld] 2 10, 20, 25 ppmO 2 UFo] sty thE2TE HAHAd xpold aakS
2l PBS&Y-S 200 xLAglstar 37°C incubatoroll A 2E3F ®x|3} T} ©] S aspirationg Al
#A g9 A Asta PBS& 9 (phosphate-buffered saline solution)©. &2 33] A3}k & 60T o
A 1A B AEAZAG. I F 0.1% safranin O 8942 200 uL® wellell 713}l aspiration<
ANA &9 AAT o B EF5E 718l 338 AlA3 T 30% glacial acetic acid (v/iv) &
B 200L% wellell 7}t th3 450nmel A FFE=E SA ST
5) Glass wool& ©] &3+ Hio] I & FA

Glass wool& ©]83}e] in vitrodol Al nviol B &S A A 7)2A} glass wool ¢F 0.5 g&
Zet @743 S 30 L AZgZek~F0 glass wools Wil 1¢=r] Eiste] W3k LBC
broth 300 mLell 28°C, overnight w3t S aureus ATCC 6538 (KCCM 11335) 500 xLE& H=F
3l 30T oA 5U3t viekstd Tt wis HWHd forcepdt S/HFE )83t glass woole =
F< 100 mL7F 970 bottled] ¥o] 150 rpme. 2 587+ wykste] A HstAch AAH3S glass

woolS petri dish@ &7 1AHESH AAAZE ATk 1% crystal violet £<4-& coupon ol

ot

BEote] SEST 08N ANT § FRFFE GAKS AHAL Axstel FHe] GaE ¥
o sy
3. A

2 A9 38y 592 Ade wEsglon, Akt fojde AAsH] sty SAS
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9.0 for windows program-g ©]-&3}a] ANOVA testZ A A3 & p<0.05 ==l Duncan’s

multiple range testE AR
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S FAT AYAAE ol Gl Ay Aotd 2kl AP Aol LNrE EFSE A
MAAF S 2 Az EFW), HCh NaCle 982 4% 443XE o] g3
of A A

= o]&st] TS mAHA/FAA AfotE R4t E A XEF o HEAT
oAM= AAABEEC] vy 2 pH, = A 5
NHCl, ClOy, ClOy” 2 CI'e ZH7t BAsgoh & AWl wE A4 B4 BHe F37aw
HHYsto] F5o= FP3FAT

ot i4ke] A FEEE S7HA717] YA E FYUEE 98 94te 558 Eoof ARt
o] 4% FY molvlZ A= HCl 238 pH A3E H8l =5 S7HA7= s ES
A7bshgom o] A pHE 54402, FEQAE 51.2+28 mgkgS UEMNSITHTable 2). o]
7%~ NH,Cl, NHCL7} 2+zt 0.01 mg/kg® 0.90 mg/kge] AZ=on ClO; 9 ClOy & HAEH
A ol AAREA e ALE FAAHAT AE AL &% HIMEHAY] dEol ¢ IF/FE

2 AEHAE Sy

=)

Table 2. Some physicochemical properties of slightly acidic hypochlorite water produced by

prototype generated using HCl and hard water

Item Results
pH 5.4%0.2
Residue content after evaporation (mg/kg) Not detected
Available chlorine (mg/kg) 51.2+2.8
NH,CI (mg/kg) 0.01
NHCI, (mg/kg) 0.90
ClOy™ (mg/kg) ND
ClOs™ (mg/kg) ND
ClI" (mg/kg) 17.7£3.8

T dalde AHgst] kg Aol Ak E AT A folle 54% HCIFE 0.6% NaCle
N

ARESE ARTE 4.8% HCIH 1.2% NaCle &tste] AHERF 4-97F pH B Fad 4 el 4
&3 Ao 2 UEytiTable 3). F37]dolA A Ak L UFol wet o

29 Atolg UERQlot At 10V, ARE

T AAEE vAE 9] F& UE Aow aAddn.
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Table 3. Some physicochemical properties of slightly acidic hypochlorite water produced by
prototype generated using HCl and NaCl as electrolyte

ltem Results

Electrolyte Al Electrolyte B?
pH 5.8£0.3 5.0£0.5
Residue content after evaporation (mg/kg) Not detected Not detected
Available chlorine (mg/kg) 54.7+1.6 65.1+0.9
NHoCl (mg/kg) 0.01 ND
NHCI, (mg/kg) 0.52 0.30
ClO;™ (mg/kg) ND ND
ClOs™ (mg/kg) ND ND
ClI" (mg/kg) 18.1+£0.42 11.3+0.30

! Electrolyte was mixture of 5.4% HCl and 0.6% NaCl, input voltage and ampere were 10 V and 3.5 A.
2 Electrolyte was mixture of 4.8% HCl and 1.2% NaCl, input voltage and ampere were 10 V and 3.5 A.
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ko] EFNIVL SUMESFE pHE 4ty fFEd94 FEv 76T pHE 13T o
4:10] Agsltta AEEHAOY FEEATS 1H T vi= pH 270919 10:1 EF0E EFHE
z4d A9 g 7153 Aoz AdHAY Ruv 31 EFelAE pHE 63102, Fag4a
= 372404 mg/kgS YeERen Hun] 41 EFAE pHeE 31x02, FEIAE

w

9.0+0.2 mg/kge EFYTHTable 4). o] 7% NH,Cl, NHCL7} z+2+ 0.3 mg/kgs} 0.8 mg/kg

51 0.01 mg/kg} 0.52 mg/kgel 242 HEHA o™ ClOy ¢ ClOy & HEHA ot B4=A
%+ ZoE FHEEHATH

FH7|Ho] B3kl e A Aot itk AAH S EuiE HCIel NaCls Cl9
THYSLE HUR AW Ay FAdEe Ao 2 AFF dajd FAFl wek pHeF #E
o St 28T AHES HdEPRAAT A2 9V, 7&%’%1: 35740 A oA AT}t
ARl BEAS UEhATHTable 4). 5.4% HCI? 0.6% NaCle ¥E= 3t 10 V, 4 AollA
A7 &8l A5 AT pHE 4.0+£0.3, FEE4AE 72.1+0.6 mgkgs YERHASH, NH2C1

NHCl7} 2t} 0.01 mg/kg 0.20 mg/kgol 7<= Ath(Table 5). 4.8% HCI3} 1.2% NaCl& <

2 3k 10 V, 37 AolA A/ESHF A WAL pHE 41+01, FEHAE 75.3+09
mg/kge YER gl om, NHClL, NHCL7F 742+ 0.01 mg/kgst 0.14 mg/kgol A== At ClO, ¢t
ClOs” & AEHA ol AAHA @ Aoz A=A,
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Table 4. Some physicochemical properties of weakly acidic hypochlorite water produced by
mixing of strong electrolyzed water and akaline electrolyzed water generated by

prototype generator with diaphragm electrode

Results

ltem Mixture A' Mixture B?
pH 6.3+0.2 3.4+0.1
Residue content after evaporation (mg/kg) Not detected Not detected
Available chlorine (mg/kg) 37.2+0.4 39.0+0.2
NH,CI (mg/kg) 0.3 0.01
NHCl, (mg/kg) 0.80 0.52
ClO;™ (mg/kg) ND ND
ClOs™ (mg/kg) ND ND
CI (mg/kg) 12.5+0.41 16.1+0.25

! Strong electrolyzed water : akaline electrolyzed water = 3:1(v/v)

2 Strong electrolyzed water : akaline electrolyzed water = 4:1(v/v)

Table 5. Some physicochemical properties of weakly acidic hypochlorite water produced by

prototype generator with non-diaphragm electrode using HCl and NaCl as electrolyte

Item _ Results .

Mixture A Mixture B?
pH 4.0+0.3 41+0.1
Residue content after evaporation (mg/kg) Not detected Not detected
Available chlorine (mg/kg) 72.1+0.6 75.3+0.9
NH,CI (mg/kg) 0.01 0.01
NHCI, (mg/kg) 0.20 0.14
ClO;™ (mg/kg) ND ND
ClOs™ (mg/kg) ND ND
CI (mg/kg) 9.0+1.61 5.6+0.1.4

! Electrolyte was mixture of 5.4% HCl and 0.6% NaCl, input voltage and ampere were 10 V and 4.0 A.
2 Electrolyte was mixture of 4.8% HCI and 1.2% NaCl, input voltage and ampere were 10 V and 3.7 A.

=
e fEdsd pHE 24T A5, 47184

_1;_:_"__
3 FEGAHFS 3.2A04 25-29 mg/kg, 3.5AA = 31-34 mg/kg
| -5.

Z 3408 At &
o] WAEE Ao F4EAOW pHE 32A0AE 6.25-6.30, 35A0AE 5.6-5.98 e o]
AR FEEATS AR T2 Aoz AdHAFg. 2).

Ao AL AR NG, Aseldtle % Aseldu g HTA YRR 2

AN

RO

Folel HHF FEAAFOR ST AT} Aol v e HEFHe] Y $5FHAA

~ 148 -



fok

VS|
ax)

o) o] A@Holehs AH ATATl weh Aol wo ARH uh glon
a4 ol aatie] FEGLFE o 4l mgkge 2 F4¥ UThFig. 3).

40 7.0
g 30 - - 6.5
o
(0]
£
O
= 20 - L 6.0 T
% o
(0]
el
©
S 10 | - 5.5
<
0 5.0

2.8A 3.0A 3.1A 3.2A 3.5A

Fig. 2. Theoretical available chlorine and pH of generated hypochlorite water by input
ampere. Output voltage, diameter of nozzle and concentration of input HCl are 2.2 V, 3 mm and

4.5%(W/V).
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Fig. 3. Theoretical available chlorine and pH of generated hypochlorite water by electrode

material. Output voltage, diameter of nozzle and concentration of input HCl are 2.2 V, 3 mm and

4.5%(W/Iv).
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= 29 Figs. 4-73% Zgkth A =7]) 25%x90 mm, A 7H4 5 mmel Aol
03, FEGATFS 14.5+0.7 mg/kgelR o, =3 =7] 20x80 mm, A= 7HF

= pHE 6.1+0.04, 8945 275408 mg/kg, A= =27] 20x80 mm, A= 3+
mm¢l 7 $ole pHe 4.9+0.1, FEFELAFL 32.7+£2.0 mg/kg, A= =7] 20%x80
= 3.75 mmgl Z-f-oll+= pHe 6.0+0.07, FEAAFEFS 25.9+0.9 mg/kgs YERY
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Fig. 4. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 3.0 V abd 3.5 A. Electrode was 25 mm X 90 mm made on
platinum/iridium, and clearance of electrode was 5 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of supplied
water were 7.1, 85 mg/L and 190 uS/cm. A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 5. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.0 V, 2.8 V and 3.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 4.3 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of supplied
water were 7.1, 85 mg/L and 180 uS/cm. A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 6. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 3.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.9 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of supplied
water were 7.1, 85 mg/L and 185 uS/cm. A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 7. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 3.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of supplied
water were 7.1, 85 mg/L and 185 uS/cm. A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 8. pH, available chlorine and ampere of hypochlorite water by electrode. Output voltage and
input ampere were 4.0 V and 4.0 A. Electrode was 30 mm X 90 mm made on platinum/iridium, and
clearance of electrode was 6.0 mm. Diameter of nozzle and annular orifice were 1 mm and 1.5 mm. @;

ampere (A), O; pH, €; available chlorine (mg/kg, as Cl). Data represent means of three

replications+standard deviations.
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Fig. 9. pH, available chlorine and ampere of hypochlorite water by electrode. Output voltage and

input ampere were 3.8 V and 4.0 A. Electrode was 30 mm X 90 mm made on platinum/iridium, and
clearance of electrode was 5.0 mm. Diameter of nozzle and annular orifice were 1.5 mm and 2.5 mm.
@ ampere (A), O; pH, @; available chlorine (mg/kg, as Cl. Data represent means of three

replications+standard deviations.
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Fig. 10. pH, available chlorine and ampere of hypochlorite water by electrode. Output voltage
and input ampere were 3.8 V and 3.7 A. Electrode was 25 mm X 90 mm made on platinum/iridium,
and clearance of electrode was 3.5 mm. Diameter of nozzle and annular orifice were 1.0 mm and 2.8

mm. @; ampere (A), O; pH, @; available chlorine (mg/kg, as Cl). Data represent means of three

replications+standard deviations.
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Fig. 11. pH, available chlorine and ampere of hypochlorite water by electrode. Output voltage

and input ampere were 3.4 V and 3.4 A. Electrode was 25 mm X 90 mm made on platinum/iridium,
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and clearance of electrode was 3.5 mm. Diameter of nozzle and annular orifice were 1.0 mm and 2.8
mm. @; ampere (A), O; pH, @; available chlorine (mg/kg, as Cl). Data represent means of three

replications+standard deviations.
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YR oH, 38 AolA+= pH 6.6+0.1, & ©4 199+18, 3% G4k anlF 83.9+2.
mL/ming, 183 4 VA= 3% F4F AF&Alol& pH 6.3+0.1, & 4 28.3+0.9, 03/;}
Hl &2 97.5£2.8 mL/mine] o™ 6% F4F AH8Aldl= pH 6.5£0.1, & H4 25.8+44,
2H|FL 48.2+5.9 mL/mino] S tHFigs. 12-14).
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Fig. 12. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 3.0 V and 3.5 A. Electrode was 25 mm X 90 mm made on
platinum/iridium, and clearance of electrode was 5 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 85 mg/L and 190 pS/cm. Maximum capacity of pump was 30 mL/min and
concentraion of input HCl was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD), D;
HCI consumption (mL/hr). Data represent means of three replications=standard deviations.
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Fig. 13. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 3.0 V and 3.8 A. Electrode was 25 mm X 90 mm made on
platinum/iridium, and clearance of electrode was 5 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 85 mg/L and 190 pS/cm. Maximum capacity of pump was 30 mL/min and
concentraion of input HCl was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 14. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 3.0 V and 3.8 A. Electrode was 25 mm X 90 mm made on
platinum/iridium, and clearance of electrode was 5 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 85 mg/L and 190 pS/cm. Maximum capacity of pump was 30 mL/min and
concentraion of input HCl was 6.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD), D;
HCI consumption (mL/hr). Data represent means of three replications=+standard deviations.
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=29 A4S 1 mm, Fe 892 AAL 1.8 mm, 4E79 E55FY =59 A&
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3.3 AollAl= pH 6.3+0.1, & ¥4 25.1+1.1, 3% G4F Av]Ee 70.0+1.1 mL/mine e
Rom, 35 AdlA+= pH 6.1+0.1, & A4 27.5+0.7, 3% G4+ ¥ HFL 75.1+0.5 mL/minE
e A th(Figs. 15-16).

*Z9 AAS 1 mm, 259 292 AAL 15 mm, &7 559 =59 FAS
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mL/min, A3f2%= SMPS =9 3.1 Vel @zt 28 VE ARt AT Atold ity
3.0 AolA= pH 5.5+0.1, & 94 21.3+0.9, 4.5% G4+ AvlFL 75.0+0.3 mL/min<S e
Rom, 3.2 AdlA+= pH 5.3+0.1, & E4 23.9+05, 4.5% F4F Av]&L2 80.0+0.6 mL/min
E, 183 35 VelAM+= pH 49+0.1, & g4 32.7+2.1, g4F &85 90.0+0.8 mL/mino]
A tHFigs. 17-19).
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Fig. 15. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 3.0 V and 4.0 A. Electrode was 25 mm X 90 mm made on
platinum/iridium, and clearance of electrode was 5 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 85 mg/L. and 190 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCl was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD, D;

HCl consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 16. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 3.0 V and 4.0 A. Electrode was 25 mm X 90 mm made on
platinum/iridium, and clearance of electrode was 5 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 85 mg/L and 190 pS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCl was 6.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 17. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 2.8 V and 3.3 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 4.3 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 1.8 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 80 mg/L and 180 pS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;
HCI consumption (mL/hr). Data represent means of three replications=+standard deviations.
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Fig. 18. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.2 V, 2.8 V and 3.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 4.3 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 1.8 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.1, 80 mg/L and 180 pS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCl was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 19. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 3.0 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.9 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 1.5 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/LL and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;
HCI consumption (mL/hr). Data represent means of three replications=+standard deviations.
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Aom, 2.8 AdlA+= pH 6.3+£0.1, & A& 22.2+0.7, 4.5% G4+ &¥]FL 65.0£0.3 mL/min
&, 284 3.0 VolA= pH 6.0£0.0, & ¥4 25.7+0.8, A4t &H]FHS 65.0£0.7 mL/min©]
21 tHFigs. 20-22).

il

+Z29o AAS 1 mm =9 g2 AAL 3.0 mm YT E5EY =29 AAFS
38.75 mm<} 36.75 mm, A= F7|E 20x80 mm, A= 7+AL 3.75 mm, FHe &FS 30
mL/min, A& ZL¢LS SMPS &3 3.1 Ve x4y 28 V At AA G zfold A4t

2.5 Aol = pH 6.6+0.1, & A4 18.0+0.

9lom, 28 A= pH 6.3+0.1, Fi& ?35: 93.1+0.
£, 128l 3.0 VA= pH 6.1+0.1, & 94 25.9+0.
A oHFigs. 22-27).

30;r 35 8 1100
| 30}
E 25 1 80
= 25} 1€
E 201 —
o < 20} 1e0 E
.: 9 I
o 15} S
2 0l [
T 10}
S 12
< . 120
0.5
0 0.0 0 0

A B C D

Fig. 20. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 3.2 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.9 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 1.5 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/L. and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCl was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD, D;

HCl consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 21. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 3.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.9 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 1.5 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/LL and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCl was 3.0%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.

20r 3.0 8 70
—_ 25} 160
E 15] 16
B') ‘50
£ A2.0~ .
g |3 {40 £
S 10ftg 15} 4 T £
c Q —
© € 130 ©
Q@ < T
8 o7 {20
g 5 12
05} 110
ot 00 o “o

A B C D

Fig. 22. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 2.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2.5 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/LL and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 4.5%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;
HCI consumption (mL/hr). Data represent means of three replications=+standard deviations.
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Fig. 23. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal

voltage and input ampere were 3.1 V, 2.8 V and 2.8 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2.5 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/L and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 4.5%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl, D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 24. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 3.0 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 2.5 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/LL and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 4.5%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;
HCI consumption (mL/hr). Data represent means of three replications=+standard deviations.
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Fig. 25. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal

voltage and input ampere were 3.1 V, 2.8 V and 2.5 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 3.0 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/LL and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCl was 4.5%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as CD), D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 26. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal
voltage and input ampere were 3.1 V, 2.8 V and 2.8 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 3.0 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/LL and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 4.5%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl), D;
HCI consumption (mL/hr). Data represent means of three replications=+standard deviations.
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Fig. 27. pH and available chlorine of hypochlorite water by input ampere. Output voltage terminal

voltage and input ampere were 3.1 V, 2.8 V and 3.0 A. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 3.0 mm and 8 mm. pH, total dissolved solid and electrical conductivity of
supplied water were 7.2, 82 mg/L and 185 uS/cm. Maximum capacity of pump was 30 mL/min and
concentration of input HCI was 4.5%(w/v). A; ampere (A), B; pH, C; available chlorine (mg/kg, as Cl, D;

HCI consumption (mL/hr). Data represent means of three replications+standard deviations.
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Fig. 28. Relationship between input ampere and pH and available chlorine of generated

hypochlorite water.
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e YEE Bhe] A 33 A 35 A, 38 A B 4.0 AR DEdte] A5 2000 34 YA
Gol o]EH FE AP AHTH YA ZAT R dage wee AN A, Fig 290
UER mhel o

] 3.3 AdlA+= 46.5+1.7%, 3.5 AclA &= 48.2+£1.0%, 3.8 AolA = 40.3+1.6%%,
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FE HAaT AAFH AA SAHT FE daFY BES A A3, Figo 300949 2o
2.5 AolM = 27.9£2.6%, 2.8 AdA+& 31.8+£0.9%, 3.0 AolA+= 26.3+1.2%, 3.2 AclA
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Fig. 29. Yield of hypochlorite water by input ampere. Output voltage and terminal voltage were 3.2 V
and 2.9 V. Electrode was 20 mm X 80 mm made on platinum/iridium, and clearance of electrode was
3.75 mm. Diameter of nozzle, annular orifice and inlet/outlet were 1 mm, 3.0 mm and 8 mm. pH, total
dissolved solid and electrical conductivity of supplied water were 7.2, 82 mg/L and 185 uS/cm.
Maximum capacity of pump was 30 mL/min and concentration of input HCl was 3.0%(w/v). Data

represent means of nine replications=*standard deviations.
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Fig. 30. Yield of hypochlorite water by input ampere. Output voltage and terminal voltage were 3.2 V
and 2.9 V. Electrode was 20 mm X 80 mm made on platinum/iridium, and clearance of electrode was
3.75 mm. Diameter of nozzle, annular orifice and inlet/outlet were 1 mm, 3.0 mm and 8 mm. pH, total
dissolved solid and electrical conductivity of supplied water were 7.2, 82 mg/L and 185 uS/cm.
Maximum capacity of pump was 30 mL/min and concentration of input HCl was 4.5%(w/v). Data

represent means of nine replications+standard deviations.
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Fig. 31. Fluctuation of available chlorine and pH of generated hypochlorite water. Output
voltage and terminal voltage were 3.2 V and 2.9 V. Electrode was 20 mm X 80 mm made on
platinum/iridium, and clearance of electrode was 3.75 mm. Diameter of nozzle, annular orifice and
inlet/outlet were 1 mm, 3.0 mm and 8 mm. Maximum capacity of pump was 30 mL/min and

concentration of input HCI was 3.0%(w/v). Data represent means of nine replications+standard

deviations.
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Fig. 32. Available chlorine (A) and pH (B) of hypochlorite water and HCI consumption

(C) by input ampere. Output voltage terminal voltage and input ampere were 2.5 V, 2.8 V
and 3.0 A. Electrode was 20 mm X 80 mm made on platinum/iridium, and clearance of electrode
was 5 mm. Diameter of nozzle, annular orifice and inlet/outlet were 1 mm, 3.75 mm and 8 mm.
pH, total dissolved solid and electrical conductivity of supplied water were 7.1, 85 mg/L and 190
uS/cm. Data represent means of three replications=+standard deviations.
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Fig. 33. Evaluation results of disinfection efficacy of 60 ppm of weakly acidic hypochlorite
water (WAHW) on some bacteria in dirty condition. Bacterial strains are Bacillus cereus
KCCM 40935 (A), Bacillus licheniformis KCCM 41412 (A), Bacillus subtilis KFRI 183 (B),
Campylobacter jejuni XCTC 3569 (C), Escherichia coli O157:H7 NCTC 12079 (D), Klebsiella
pneumoniae subsp. pneumoniae KCCM 11391 (E), Lactobacillus brevis KFRI 466 (F),
Pseudomonas aeruginosa KFRI 190 (G), Salmonella enteritidis (H), Staphylococcus aureus
KCCM 12214 () and Salmonella typhimurium KCCM 11862 (A).
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Fig. 34. Evaluation results of disinfection efficacy of 60 ppm of weakly acidic hypochlorite
water (WAHW) on some fungi and yeast n dirty condition. Strains are Aspergillus
flavus KFRI 855 (A), Aspergillus niger KFRI 993 (B), Clostridium perfringens KCTC 3269 (C),
Penicillium citrinum XCTC 3733 (D), Candida albicans KFRI 432 (E), Rhizopus oryzae KFRI
1007 (F), Saccharomyces cerevisiae KFRI 1014 (G) and Zagosaccharomyces rouxii KFRI 00214
(H).

L}, Biofilm A A5 4

Staphylococcus aureus ATCC6538 (KCCM 113355 ®FwF=Z 3} biomass formationS
MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)® 2213+ ZA 3+ Fig. 359} %
o, °9FAA zpold A4S 96 well plateo] 100 «L, 200 «L, 300 L& 7}&lal safranin O
testg st thxTtet vlug A3 tixz7 tiH] 87.5-107.1%=A & & o] zpol& HolA ¢
ko viabilityE Al g A3} 22.6-36.1%=F viability7} 7+4Asle] vlH glo} A}A| o] Y=o F3F
< "HSS FAT F AAH(Tables 6-7). g+ 52.2+2.10 ppme] b3 ApolA 24T E F
Z F=7F 10, 20 2 25 ppmo] HEZE welld] 7}k A3} biomass formatione thZ7 ThH]|
55.9-98.1% % ZrA3tR AL viability= 19.38-25.7%5 UEIH o] a7 & ASZ AYZHES]
S} 20 ppm 25 ppme] Aol= A LEUTHFig. 36, Tables 8-9).

Staphylococcus aureus ATCC6538 (KCCM 11335)& glass woolell biofilme A2l o5 ¥
A, FEFE & AP, SHRTE 32 A, 30 ppme] "AA Zpotdittrm

3
ppme] okHY AolPaitrE 3% Astel #4E AW AW PAUYG FEF FRS A
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Fig. 35. Biomass formation and MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) viability rest of Staphylococcus aureus ATCC6538 (KCCM 11335) treated
with weakly acidic hypochlorite water (WAHW)

Table 6. Biomass formation of Staphylococcus aureus ATCC6538 (KCCM 11335) treated with
weakly acidic hypochlorite water (WAHW)

WAHW (53 ppm) (L)

Safranin O test Control
100 200 300
Mean=SD (ODsyp) 0.14+0.04 0.16+0.07 0.13+0.05 0.15+0.04
Efficacy(%) - 87.5 92.9 107.1

Table 7. MTT viability of Staphylococcus aureus ATCC6538 (KCCM 11335) treated with weakly
acidic hypochlorite water (WAHW)

WAHW (53 ppm) (xL)
MTT Control
100 200 300
Mean=+SD (ODys0) 0.47+0.17 0.11+0.02 0.11+0.01 0.11%0.01
Efficacy(%) - 36.1 22.6 23.8
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Fig. 36. Biomass formation and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) viability rest of Staphylococcus aureus ATCC6538 (KCCM 11335) treated
with weakly acidic hypochlorite water (WAHW)

Table 8. Biomass formation of Staphylococcus aureus ATCC6538 (KCCM 11335) treated with
weakly acidic hypochlorite water (WAHW)

50 ppm WAHW (ppm)
MTT Control 10 20 5
Mean=+SD (ODgso) 0.35+0.07 0.34%0.09 0.29+0.09 0.20+£0.09
Efficacy(%) - 98.1% 83.0% 55.9%

Table 9. MTT viability of Staphylococcus aureus ATCC6538 (KCCM 11335) treated with weakly
acidic hypochlorite water (WAHW)

. 50 ppm WAHW (ppm)
SafraninO test Control 10 20 o
Mean=SD (ODsy) 0.16+0.03 0.041+0.04 0.033£0.04 0.031£0.04
Efficacy(%) - 25.7% 20.6% 19.38%
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Fig. 37. Effect of biofilm reduction using slightly/weakly acidic hypochlorite water.

Biofilm formated glass wools were not treated (A), washed with tap water (B), washed with distilled
water (C), disinfected with 26.6+0.76 ppm of slightly acidic hypochlorite water (D), disinfected with
52.2+2.10 ppm of slightly acidic hypochlorite water (D), disinfected with 26.6+0.76 ppm of aqueous

chlorine dioixde water (F), and disinfected with 52.2+2.10 ppm of aqueous chlorine dioxide water (G).

© | @
Fig. 38. Biofilm of Staphylococcus aureus ATCC6538 (KCCM 11335) on the surface of glass

wool. Biofilm formated glass wools were not treated (A), washed with tap water (B), disinfected
with 26.6+0.76 ppm of slightly acidic hypochlorite water (D), disinfected with 53 ppm of slightly
acidic hypochlorite water (D).
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0.0380+0.0058 kg/cm?, 0.0345+0.0071 kg/cm?’C. 2 Z+49] Z& g3t o7} gle Ao =R
AT ACHFig. 42 3] A% dAHoR o] o AAFE AYAIF AFAY ok
B G BT AolALNF FYelAE REA 27 £io] AT A0 BEH o]
q Lro

P G Aoldaisrrhs FEr MEA we vy G99 Fopdais Aol

HE}TIo] A 9o = Fig. 47049} o] Fxg Hlg7le] 7] 5.11+0.31 log CFU/go] 2o H
HH S5 A HlERS 5.11+0.23 log CFU/gE 2Ho]7h §191o, 26.6+0.76 ppme] v]4HA
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Fpolel 24k E 3% e HERI S 412+0.18 log CFU/g2 7+23te] ok 1 log cycled] 7+
A5 YRS 52.2+£2.10 ppme] ¢F4HAE xtotd A4k 3.4440.09 log CFU/gE 74 g
o Hla] °F 2 log cycleo] ZH4&7F #AZHAG o]2d 2ol A 2971A] YEFG oY 10C A
AFole AR 53 7dol= FHFHOZ 5 log cycle ol 84S YERO] A T3] 2o]E e
WA ddrkFig. 48). WA Agole= L#, agk 2 bgtel %7l FAY HIEWS
34.23+1.44, -740%0093, 13.03x1.05¢1eH, F= A Ay HERILS 3237201,
-7.16+£1.16, 11.87+£1.96<, 26.6+0.76 ppm<e] w2k ZFoldaiky HA| g HIENS
33.86+1.63, -7.42+0.82, 11.46+2.51, 52.2+2.10 ppme] <F4HA Aol A4k F A Al H]
Ebule 33514130, -7.47+0.67, 1212+189% oA Zpol= vehiA  obch ey
52.2+2.10 ppm®] ¢fqbA Apot@ ik A Ad BB AT Lty agkol ®ls bgkol
A 1Y o] Z+7z; 33.64, 33.03, 37.48, 39.17=2 FA ] vlE}W ] 32.87, 34.13, 35.80, 34.25¢
(e}

s BEHOE = ghe Urhlol 33l fA oFd B £o] WAE oz F3

)

217re] A9ole 27] FAg BlERS 0.0460+0.0060 kg/cm®olom, FE4 XA
H] e} 0.0461+0.0085 kg/cm*-, 26.6+0.76 ppme] wAHA Xpoldisbs M A g HlE
0.0423+0.0055 kg/cm*S, 52.2+2.10 ppme] oFAA  lold sk A AE  HlE}
0.0376£0.0062 kg/cm*o.2 oFakA Aol it A9 2AE AsAIE FH &40
A Aoz AgHAM AZFAE FAY HETYS AR 1Y, 2¢, 5¢ F 7Y
0.0546+0.0199 kg/cm? 0.0532--0.0209 kg/cm? 0.0594+0.0134 kg/cm?, 0.0431+0.0087 kg/cm?<.
2, FEF Ay HEYS 0.0655+£0.0192 kg/cm? 0.0527+0.0177 kg/cm? 0.0617£0.0085
kg/cm?, 0.0539+0.0138 kg/cm’©. &, 26.6+0.76 ppme] wH|AHA poldists HE HIERNS
0.062040.0072 kg/cm? 0.0505-0.0204 kg/cm? 0.0554+0.0094 kg/cm?, 0.0549+0.0106 kg/cm?<.
2, 522%210 ppme i Aol HEl  WEMS  0.0601+£0.0137  kg/cm?,
0.056040.0133 kg/cm?, 0.0548+0.0066 kg/cm? 0.0481+0.0141 kg/cm’o. & ZFAeo] Z & Ae T
k8] Aol7t gl Ao®E AGEQTHFig. 50). BlEtHS A5 g nlwd zZo| sl
FFo A AR 22 At T #FEHA FRow AT Aozt 23y o A A
o2 AGFHATH
A%l 7 9ol Fig. 550419} Zo] x| o] x7] 542+0.09 log CFU/gelA o™ HkH
4 Ag AYL 510+0.34 log CFU/gE F% AHd 9§ 7 &AE Qe Aoz A

rg

fo d
(==
Mo rlo

i

N

sE
Z+59Th. 26.6+0.76 ppme] U4bA ol atgm 3B Aed AL 427+0.14 log CFU/gE
Zraxste] oF 1 log cycle®d] ZAdaIAE YEWA ST 5224210 ppme] FiHg Zpopg Atk

N

28 AL 410+0.30 log CFU/gE Fxjg] 74 Hl&] <k 1.5 log cyclee] a7l o2

d

=
2 5 log cycle o]4+& YEhlo] Al TRte] 2olE vpehlA| ekkchFig 56). ERAA] A%
o= L&k azt % bgkol =7] FAE AL 37.69+0.95 -10.06+0.82, 21.60+1.910] o™,
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gl A9l 38.27x1.87, -10.67+0.71, 21.84+1.83<, 26.6+0.76 ppm< w|4HA
AR A AL 38.23+1.92, -10.86+0.38, 23.97+1.74&, 52.2+2.10 ppme] <F
A4k HA A AL-L 38.43+1.77, -10.67+0.58, 24.39+1.652 & Hol&
LB A e okth(Fig. 57). AA71ZE Adnbel]l A Aold it AP AL FAL, 2 A
g AN A e FAEG HIES AolE B] oElom Als3te] Aol o3 WA

)
ich
N,

)
zZA 7] Aol 27 FAg AYL 0.0761+0.0117 kg/cm?o]JoH, x4 A =
2 0.0650+0.0075 kg/cm*S, 26.6+0.76 ppme] HARA  xloldiaAtE A A g
0.0690+0.0102 kg/cm?S, 52.2+2.10 ppme SR Aol A HA Ay A
0.0638+0.0066 kg/cm?S.2 <FakA oldastso] A$ 2ALS AN FH £40)
AR Aewr FAEHJAY. AFZFAE FAH ALdS AR 1Y, 29, 59 H 7Y
0.0646+0.0093 kg/cm?, 0.0696+0.0166 kg/cm? 0.0610+0.0076 kg/cm? 0.0610+0.0076 kg/cm?o.
2, F55 Ay AL 0.0664+0.0123 kg/cm?, 0.0662+0.0177 kg/cm?, 0.0614%0.0084 kg/cm?,
0.0620£0.0110 kg/cm?©.=, 26.6+0.76 ppme] HAkA hold ks H@] AL 0.0678+0.0102
kg/cm?, 0.0675+0.0079 kg/cm? 0.0638+0.0064 kg/cm? 0.0617+0.0109 kg/cm?’S. 2, 52.2+2.10
ppme] oFAHA  xpold sk Ay AYLS 0.0620+0.0050 kg/cm?,  0.0618+0.0097 kg/cm?,
0.0596+0.0058 kg/cm? 0.0590+0.0106 kg/cm?S. & 7+A 9] ZEo AHgF7te] xlol7l e Ao =
= S tHFig. 58).
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Fig. 39. Microbial count of lettuce disinfected with slightly /weakly acidic hypochlorite
water. Lettuce were not treated (O), washed with tap water for 3 min ([J), disinfected with
slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of six replications=+standard deviations.
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Fig. 40. Changes in microbial count of lettuce by disinfection with slightly /weakly

acidic hypochlorite water during storage at 10C for 7 days. Lettuce were not
treated (O), washed with tap water for 3 min (), disinfected with slightly acidic hypochlorite
water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3 min ().

Data represent means of six replications*standard deviations.
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Fig. 41. Changes in Hunter’s color value of lettuce by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10C for 7 days. In each
figure, symbol (A), (B) and (C) indicate L value, a value and b value. Lettuce were not
treated (O), washed with tap water for 3 min (), disinfected with slightly acidic hypochlorite
water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3 min ()

Data represent means of ten replications=*standard deviations.
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Fig. 42. Changes in hardness of lettuce by disinfection with slightly/weakly acidic

hypochlorite water during storage at 10°C for 7 days. Lettuce were not treated
(O), washed with tap water for 3 min ({J), disinfected with slightly acidic hypochlorite water
for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3 min (). Data
represent means of ten replications+standard deviations.
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7 day
Fig. 43. Changes of appearance of lettuce not disinfected during storage 10°C for 7 days.
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7 day
Fig. 44. Changes of appearance of lettuce washed with tap water during storage 10C for 7

days.
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7 day
Fig. 45. Changes of appearance of lettuce disinfected with slightly acidic hypochlorite water
during storage 10C for 7 days.
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7 day
Fig. 46. Changes of appearance of lettuce disinfected with weakly acidic hypochlorite water
during storage 10°C for 7 days.
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Fig. 47. Microbial count of sesame leaf disinfected with slightly /weakly acidic
hypochlorite water. Sesame leaf were not treated (O), washed with tap water for 3 min

(0D, disinfected with slightly acidic hypochlorite water for 3 min (A) or disinfected with
weakly acidic hypochlorite water for 3 min (). Data represent means of six

replications+standard deviations.
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Fig. 48. Changes in microbial count of sesame leaf by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10°C for 7 days. Sesame
leaf were not treated (O), washed with tap water for 3 min (), disinfected with slightly
acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite water
for 3 min (). Data represent means of six replications+standard deviations.
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Fig. 49. Changes in Hunter’s color value of sesame leaf by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10C for 7 days. In each
figure, symbol (A), (B) and (C) indicate L value, a value and b value. Sesame leaf were not
treated (O), washed with tap water for 3 min (), disinfected with slightly acidic hypochlorite
water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3 min ().

Data represent means of ten replications=*standard deviations.
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Fig. 50. Changes in hardness of sesame leaf by disinfection with slightly/weakly

acidic hypochlorite water during storage at 10C for 7 days. Sesame leaf were
not treated (O), washed with tap water for 3 min ((J), disinfected with slightly acidic
hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3
min (). Data represent means of ten replications+standard deviations.
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7 day
Fig. 51. Changes of appearance of sesame leaf not disinfected during storage 10C for 7

days.
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7 day
Fig. 52. Changes of appearance of sesame leaf washed with tap water during storage 10T
for 7 days.
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7 day
Fig. 53. Changes of appearance of sesame leaf disinfected with slightly acidic hypochlorite
water during storage 10°C for 7 days.
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7 day
Fig. 54. Changes of appearance of sesame leaf disinfected with weakly acidic hypochlorite
water during storage 10°C for 7 days.
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Fig. 55. Microbial count of vitamin vegetable disinfected with slightly /weakly acidic
hypochlorite water. Vitamin vegetable were not treated (O), washed with tap water for 3

min (), disinfected with slightly acidic hypochlorite water for 3 min (A) or disinfected with
weakly acidic hypochlorite water for 3 min (). Data represent means of six

replications+standard deviations.
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Fig. 56. Changes in microbial count of vitamin vegetable by disinfection with slightly

/weakly acidic hypochlorite water during storage at 10°C for 7 days. Vitamin
vegetable were not treated (O), washed with tap water for 3 min ([J), disinfected with
slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of six replications=+standard deviations.
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Fig. 57. Changes in Hunter’s color value of vitamin vegetable by disinfection with
slightly /weakly acidic hypochlorite water during storage at 10C for 7 days.
In each figure, symbol (A), (B) and (C) indicate L value, a value and b value. Vitamin
vegetable were not treated (O), washed with tap water for 3 min (), disinfected with
slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of ten replications+standard deviations.
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Fig. 58. Changes in hardness of vitamin vegetable by disinfection with slightly/weakly

acidic hypochlorite water during storage at 10C for 7 days. Vitamin vegetable
were not treated (O), washed with tap water for 3 min (), disinfected with slightly acidic
hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3
min (). Data represent means of ten replications+standard deviations.
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Fig. 59. Changes of appearance of vitamin vegetable not disinfected during storage 10°C for
7 days.
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Fig. 60. Changes of appearance of vitamin vegetable washed with tap water during storage
10°C for 7 days.

- 195 -



7 day
Fig. 61. Changes of appearance of vitamin vegetable disinfected with slightly acidic
hypochlorite water during storage 10°C for 7 days.
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Fig. 62. Changes of appearance of vitamin vegetable disinfected with weakly acidic
hypochlorite water during storage 10C for 7 days.
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x| Z2] A g-ol& Fig. 6304t Zo] FA7 X&Fo] %=7] 591+0.52 log CFU/gel o,
S5 AHg AFL2 5.60+0.24 log CFU/gE o4 a3V A Eua #ddEEl o,
26.6£0.76 ppme] "4k Aol gk E 3E Ak XZ2 4.68+£0.10 log CFU/gZ 43t
°F 1 log cycle®] Zr#a 32 Yelilon 5224210 ppme oFAHA xpold a4k A A g
X 2& 4.24+0.07 log CFU/g= FAg X2 Hla] oF 15 log cycle®] 7H47F #2=ch o
3t zfole AA 797HA e oY 10C AAdFole FHFH o2 5-6 log cycle o4& UE}
WATHFig. 64). FHMRFe] Aol Lat, agk 2 b#el %7 FAg A2 39.01£3.83,
gl X2 37.99+3.62, -8.09+1.58,

-8.06+1.32, 17.14+250°IR oM, FEF FHA
185413275, 26.6+0.76 ppme wAA Foldigts A AP AFL 35.58+3.22,

-7.56+1.76, 17.46+3.245, 52.2+2.10 ppme SR ApotdFi4by A AP AF&
33.51+1.30, -7.47+0.67, 12.12+1.892 & =zle]E& YERNA] &gt T 52.2+2.10 ppm
of ofthg Aok At HA A AFS AT Lakd agh, B batol A& 1AM 7L 74X
Aol FARRE e 2o Aol o7t dF e Aoz ddHAHFg. 65).

Z2A70) Afole 27 FAE X2 0.0785+£0.0142 kg/cm®o| oW, 25 HAA A X

S0 0.0809+0.0175 kg/om’*S, 26.6+0.76 ppmel U4 ol asd HA Ay Hme
0.0807+0.0105 kg/cm®S, 5224210 ppme| ¢kabAd  Zpold Ak HA AHY XNES
0.0680+0.0096 kg/cm?’e.Z 31} vl T3 22 2H7S AIA s A &40 dAs
A @ AR #AREHEIPH AT FAY AZS A 149, 2¢, 5¢ #H 7L
0.0820+0.0198 kg/cm? 0.00.0815+0.0114 kg/cm? 0.0800+0.0112 kg/cm? 0.0742+0.0138 kg/cm?
o2 F&EsF Ay XAEL 0.0820+0.0198 kg/cm? 0.0815+0.0114 kg/cm?, 0.07800=0.0112
kg/cm? 0.0742+0.0138 kg/cm?’S. 2, 26.6+0.76 ppme wmAHA zpold st Ay AEZL
0.0806+0.0164 kg/cm?, 0.0792+0.0158 kg/cm?, 0.0796+0.0128 kg/cm? 0.0791+0.0138 kg/cm?o.
2, 52.242.10 ppme] °FA Hpold it A7 A2 0.0679+0.0113 kg/cm?, 0.0665+0.0111
kg/cm?, 0.0754+0.0133 kg/cm?, 0.0733+0.0217 kg/cm?S. 2 7FA o] Z & g F7+e] xztol7t ¢l
v Ao E AGHAKFIG. 66). X Z FFe 2l vl o] Tekste] JFFolA LAY g
A% A3t & #HHA Fskow vEMH, A T FA AT Aot 23H ¢ F
Zow AGEATH
ALe] A f-ol= Fig 71el49F o] FA g AYe] £7] 5.67+0.10 log CFU/gelA o wkA
T Ay AYLL 4.07+0.0.177 log CFU/gE 1 log cycle ©]4¢ ZF4AE Jehgdoh
6+0.76 ppme| H|4HF ZolAi4brE 37 A e AL 2.82+2.82 log CFU/gE 743t
°F 2 log cycle®] Z#&FHE Yebon 52.2+2.10 ppme] <Ak xpold A4 HA] A g
Y& 2.37+0.18 log CFU/gz2 FAg] AL Hls) oF 3 log cycled] Z4a7F &I &
AFet g8 AL vuy £ HFo] Lol o] Fa3 gclolgt ATHATE Ty
Z719 5 Aole AR 2847HA = FA Tl vl AMgFrb 2o Aotd kg A
A2gk Aol oF 1-2 log cycle A= v #E KA 3IAtHFg. 72). EHAR] H o=

)

v = )

A

f

o Hu

- 198 -



Lt azk 2 bgtol 7] FA e AYL 42.34+222, -6.77+1.00, 10.36+3.81°] oW, %
HAA Ay AY-L 40.31+2.98, -6.76+0.60, 10.38+2.26=, 26.6+0.76 ppme] ©v]4kA =fold
A R AHE AL 39.52+3.99, -6.31+0.97, 9.00+3.53%, 52.2+2.10 ppme| ik Ao}
22t (A A AYL 4261+3.92, -6.49+1.24, 10.23+4.372 504 o]S JERRA &
UTH FEF 52.2+2.10 ppme] ¢f4iHd Aol st A MY AL ARFT LA agk, £ b
x 1ol A 797k A T3kl AR ghe B Ao og 42 e 3oz %
SE At g5t bgkel A$ole 52.242.10 ppme] oFabA ztold ik A A ALe] A
doll 11.82+4.48, 13.11+5312 7] AL 10.89+5.86, 15.04+7.350] zto]& B A
U ol A3t A8 HAtel] 713 Ao w ATEATKEIG. 73).
ZAZFY] AL 7] FAg AL 0.1150+0.0259 kg/cm®oloH, 55 HA Ay X
o 0.1216+0.0175 kg/em®S, 26.6+0.76 ppme| WA pold ik HA AHe AYL
0.115+0.0276 kg/cm?S, 52.2+2.10 ppme AR xpold Aty HA Ay ALLS
0.1043+£0.0290 kg/cm?S. &2 oFabA potd A4k, E A A3k Al5o %A Zro] AdtateE A
°2 Yyt AZAFAE FAE AL AR 1Y, 29, 5¢ 2L 7¥4) 0.1263+0.0173 kg/cm?,
0.1258 +0.0197 kg/cm?, 0.1174+0.0306 kg/cm? 0.1166+0.0180 kg/cm?’S.&2, 5+ g AYLL
0.1172+0.0287 kg/cm?, 0.1188+0.0134 kg/cm?, 0.1286+0.0111 kg/cm2, 0.12510.0302 kg/cm2o.
2, 26.6+0.76 ppme] WA Zpold kg A7 AYL-LS 0.1159+0.0147 kg/cm?, 0.1197+0.0209
kg/cm?, 0.1238+0.0239 kg/cm?, 0.1174+0.0088 kg/cm?o. &, 52.2+2.10 ppme] ¢k4b4 xboled 4
A AHE AYL 0.1195+0.0128 kg/cm?,  0.1190+0.0151 kg/cm?, 0.1160+0.0202 kg/cm?,
0.1135+0.0143 kg/cm*©. & X g 7ke] Fo4 zpol7t &= A AAthFig. 74).
WEEES Zo] Yo HAAFE ¥nF AFEHVt F1 YEERES Agde TXA
o] AR 7] wWE olF AAY AF B 52 AHERE VAT F AL
3 % g5 E435H7] flaEl FHAE 2o e FHY AL ARE
Ath. Fig. 799149} o] Txg WeEulE] Z7] 563+0.08 log CFU/golYY Wi 4z
g WEEUEE 4711018 log CFU/gZ <F 1 log cycle ool ZAE Yehgdoh
26.6+0.76 ppme] A ZpoldaakER 3R HE]d e ERES 282+0.76 log CFU/g® 7
238te] oF 2 log cycled] ZH#EFHE YeRom 52.2+2.10 ppme] oFiHA Aol sk A
A A HLErEE 2372013 log CFU/g= FA 2 WL EvtEe vls)] < 3 log cycled] %+
&7F #HFFHAT O GAF) 2 YEErEE Hlugd FJFHo] go|g Aol Fag <l
g AT Em 279 #F Aol AR TR FA el wls] 52.2+2.10 ppme] <F
ARA zlold A4k A Ay WEEREZE ¢ 1-2 log cycle AE9 e F4E FASATH
(Fig. 80). WA=}l A= Lak, azgt 2 bakol =7 ¥FAHE WEErES 39.68+2.76,
13.78+2.65, 30.12+5.220]ow, =4 A AHg WEERES 3879+4.22, 14.18+1.93,
31.21£2.975, 26.6£0.76 ppme] wAHAd Aol ity HA Ay WEEVIEES 38.75£3.61,
14.10+1.63, 29.77+3.692, 522+2.10 ppme] ok ol it A A WLEREE

b

N

N
o
2
ol

i

o
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40.60+3.32, 14.11+1.50, 30.94+4.172 4 Zol& UeblA sk =FF 52.2+2.10 ppm
o] efqbg Apold ity H A AY WEEVIEES ARF Lt agh, 2 bgkeol AR 1A 7
A7kA] A3l FARRE ghs Bol Ao o3 9FE e AerE FEJAoKFIg. 8D.
ZAZe] Ao 27| iy WLEREE 06184+0.0782 kg/cm’oloH, =

A HEEREE (0.6234+0.1106 kg/cm®S, 26.6+0.76 ppm&] m]AHA Xpoldd sk F
e ENEE (.6831+0.0722 kg/cm?S, 52.2+2.10 ppme] kA4 xpold Ak H A A
ErlEE 0.7130+0.1210 kg/cm’e.2 AlE2ke] Zpol7} fitkal AGE A om JA)F9t
AESE BRHA Gt AZFTAE FAHY BeEvEES A 19, 2¢, 59 F 7L
0.6463+0.0812 kg/cm? 0.6461+0.0761 kg/cm? 0.5421+0.0760 kg/cm? 0.5174+0.0780 kg/cm?<.
2, 55 Ay PFELEEE 0.6481+0.1080 kg/cm? 0.5800+0.0985 kg/cm? 0.5329+0.0976
kg/cm?, 0.5434+0.0943 kg/cm?©. 2, 26.6+0.76 ppme] WA ol 24k A7 WL EnE=
0.7001+0.1149 kg/cm?, 0.6142+0.2175 kg/cm?, 0.5951+0.1682 kg/cm? 0.5745+0.1391 kg/cm?®o.
2, 52.2+210 ppme oA ot Ak g WML ERIEE (0.5892+0.1758 kg/cm?,
0.6652+0.0866 kg/cm?, 0.5098+0.1799 kg/cm?, 0.4911+0.0279 kg/cm’S.Z 52.2+2.10 ppme] oF
A zpotd aater Ad WeErES A HAVF 7P A UEsTHEG. 82). WA=
2] ofibAd Aotk A4kl A+ 0.5 log cycled] F7HAQl A EFAE 7Y & o A
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Fig. 63. Microbial count of endive leaf disinfected with slightly /weakly acidic

hypochlorite water. Endive leaf were not treated (O), washed with tap water for 3 min
(O, disinfected with slightly acidic hypochlorite water for 3 min (A) or disinfected with
weakly acidic hypochlorite water for 3 min (). Data represent means of six
replications+standard deviations.
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Fig. 64. Changes in microbial count of endive leaf by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10C for 7 days.
Endive leaf were not treated (O), washed with tap water for 3 min (), disinfected with

slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of six replications=+standard deviations.
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Fig. 65. Changes in Hunter’s color value of endive leaf by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10C for 7 days.
In each figure, symbol (A), (B) and (C) indicate L value, a value and b value. Endive leaf
were not treated (O), washed with tap water for 3 min ((J), disinfected with slightly acidic

hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3
min (). Data represent means of ten replications+standard deviations.
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Fig. 66. Changes in hardness of endive leaf by disinfection with slightly/weakly acidic

hypochlorite water during storage at 10°C for 7 days. Endive leaf were not
treated (O), washed with tap water for 3 min ([0), disinfected with slightly acidic
hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3
min (). Data represent means of ten replications+standard deviations.
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7 day
Fig. 67. Changes of appearance of endive leaf not disinfected during storage 10°C for 7 days.
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7 day
Fig. 68. Changes of appearance of endive leaf washed with tap water during storage 10C for
7 days.

- 205 -



7 day

Fig. 69. Changes of appearance of endive leaf disinfected with slightly acidic hypochlorite
water during storage 10C for 7 days.
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7 day
Fig. 70. Changes of appearance of endive leaf disinfected with weakly acidic hypochlorite

water during storage 10°C for 7 days.
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Fig. 71. Microbial count of kale leaf disinfected with slightly /weakly acidic
hypochlorite water. Kale leaf were not treated (O), washed with tap water for 3 min

(0D, disinfected with slightly acidic hypochlorite water for 3 min (A) or disinfected with
weakly acidic hypochlorite water for 3 min (). Data represent means of six

replications+standard deviations.
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Fig. 72. Changes in microbial count of kale leaf by disinfection with slightly /weakly
acidic hypochlorite water during storage at 10C for 7 days.

Kale leaf were not treated (O), washed with tap water for 3 min (), disinfected with
slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of six replications=+standard deviations.
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Fig. 73. Changes in Hunter’s color value of kale leaf by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10C for 7 days.

In each figure, symbol (A), (B) and (C) indicate L value, a value and b value. Kale leaf were
not treated (O), washed with tap water for 3 min (OJ), disinfected with slightly acidic
hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3
min (). Data represent means of ten replications+standard deviations.
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Fig. 74. Changes in hardness of kale leaf by disinfection with slightly/weakly acidic

hypochlorite water during storage at 10C for 7 days. Kale leaf were not treated
(O), washed with tap water for 3 min ({J), disinfected with slightly acidic hypochlorite water
for 3 min (A) or disinfected with weakly acidic hypochlorite water for 3 min ().

Data represent means of ten replications+standard deviations.
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7 day
Fig. 75. Changes of appearance of kale leaf not disinfected during storage 10C for 7 days.
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7 day
Fig. 76. Changes of appearance of kale leaf washed with tap water during storage 10C for 7

days.
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7 day
Fig. 77. Changes of appearance of kale leaf disinfected with slightly acidic hypochlorite water
during storage 10°C for 7 days.
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7 day
Fig. 78. Changes of appearance of kale leaf disinfected with weakly acidic hypochlorite water
during storage 10°C for 7 days.
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Fig. 79. Microbial count of cherry tomato disinfected with slightly /weakly acidic

hypochlorite water. Cherry tomato were not treated (O), washed with tap water for 3
min (), disinfected with slightly acidic hypochlorite water for 3 min (A) or disinfected with
weakly acidic hypochlorite water for 3 min (). Data represent means of six
replications+standard deviations.
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Fig. 80. Changes in microbial count of cherry tomato by disinfection with slightly
/weakly acidic hypochlorite water during storage at 10C for 7 days.
Cherry tomato were not treated (O), washed with tap water for 3 min (), disinfected with

slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of six replications=+standard deviations.
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Fig. 81. Changes in Hunter’s color value of cherry tomato by disinfection with
slightly /weakly acidic hypochlorite water during storage at 10C for 7 days.
In each figure, symbol (A), (B) and (C) indicate L value, a value and b value.
Cherry tomato were not treated (O), washed with tap water for 3 min (C), disinfected with

slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic hypochlorite
water for 3 min (). Data represent means of ten replications+standard deviations.
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Fig. 82. Changes in hardness of cherry tomato by disinfection with slightly/weakly
acidic hypochlorite water during storage at 10C for 7 days.

Cherry tomato were not treated (O), washed with tap water for 3 min ([OJ), disinfected with
slightly acidic hypochlorite water for 3 min (A) or disinfected with weakly acidic

hypochlorite water for 3 min (). Data represent means of ten replications+standard
deviations.
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. 4

7 day
Fig. 83. Changes of appearance of cherry tomato not disinfected during storage 10C for 7
days.
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7 day
Fig. 84. Changes of appearance of cherry tomato washed with tap water during storage 10C
for 7 days.
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7 day
Fig. 85. Changes of appearance of cherry tomato disinfected with slightly acidic hypochlorite
water during storage 10C for 7 days.
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Fig. 86. Changes of appearance of cherry tomato disinfected with weakly acidic hypochlorite
water during storage 10C for 7 days.
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345, A, AENAL HE ERE A2 9 Ade] AAAFEe AR FHE 1005
obdaabro] AE7E A WIS sl PAMEHEA AAAF FEILFE B
3 AT DA Foldaatss 7] 28.7+0.8 ppmollA 3RE W 27.1-27.7 ppmO.E A A
FEGLF 3-4%7ro] 2T fAy Aok aitie] Aol s 27] 60.7£2.0 ppmel A 3
BE P 559-584 ppmeE A FEALF 4-7% FE7h 2AHAT o)k AAFHL
101VWE SHT AgolrlE sht 2o FEQLE AAHED 5544 RaTe AL

Table 10. Changes in available chlorine content of acidic hypochlorite water during immersion
disinfection of some vegetables.

(unit : ppm, as CD

Immersion time (min)

Vegetables slightly acidic hypochlorite water weakly acidic hypochlorite water
0 min 3 min 0 min 3 min
Leafy lettuce 28.7+0.8! 27.1+0.4 60.7+2.0 58.3+1.5
Kale 28.7£0.8 28.1+0.2 60.7+2.0 57.0+1.6
Chicon 28.7£0.8 27.4+1.0 60.7%+2.0 56.9+1.1
Sesame leaf 28.7£0.8 27.5+1.3 60.7+2.0 56.1+0.3
Cherry tomato 28.7%£0.8 27.7£0.6 60.7£2.0 58.4+0.6
Vitamin leaf 28.7+0.8 279+1.1 60.7+2.0 55.9+1.2

! Data represent means of three measurements.

Chlorite= =d<E &I en chloratex Pltbd Apoldaibrol M=
oA 13.2-15.7 ppm FEOE FISIR O, i ApolA At ABeE X7 H 176
ppmel A B3+ 18.3-21.9 ppmo. & Z7}3F¢ tHTables 11-12).

Table 11. Changes in chlorite content of acidic hypochlorite water during immersion

disinfection of some vegetables.

(unit : ppm)
Immersion time (min)
Vegetables slightly acidic hypochlorite water weakly acidic hypochlorite water
0 min 3 min 0 min 3 min

Leafy lettuce ND* ND ND ND
Kale ND ND ND ND
Chicon ND ND ND ND
Sesame leaf ND ND ND ND
Cherry tomato ND ND ND ND
Vitamin leaf ND ND ND ND
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! Data represent means of three measurements.

2 Not detected.

Table 12. Changes in chlorate content of acidic hypochlorite water during immersion

disinfection of some vegetables

(unit : ppm)

Immersion time (min)

Vegetables slightly acidic hypochlorite water weakly acidic hypochlorite water
0 min 3 min 0 min 3 min
Leafy lettuce 10.8+1.9% 15.0+1.7 17.6+0.9 18.4+25
Kale 10.8+1.9 15.1+0.2 17.6£0.9 18.8+0.8
Chicon 10.8+1.9 13.2+1.8 17.6+£0.9 18.7+2.4
Sesame leaf 10.8+1.9 14.5+3.2 17.6+0.9 19.9+1.6
Cherry tomato 10.8+1.9 13.8+0.4 17.6+0.9 18.3+2.2
Vitamin leaf 10.8+1.9 15.7+2.6 17.6£0.9 21.9+£1.8

! Data represent means of three measurements.

2 Not detected.

A A& 1083 AdgFeta 3083t

(Table 13).

Table 13. Residual chlorine recovered in vegetables disinfected with acidic hypochlorite water

Sample
leafy sesame  endive Kale apple cherry
Disinfection lettuce leaf leaf tomato
method method method method method method
Al BB A B A B A B A B A B
not disinfected 0.0 00 00 00 00 00 00 00 00 00 00 00
washed with running ta
water for 3 min g W 090 00 00 00 00 00 00 00 00 00 00 00
disinfected  with  slightly
acidic hypochlorite
water(available chlorine 0.0 0.0 00 00 00 00 00 00 00 00 00 0.0
26.6+0.76 ppm, pH 6.1) for
3 min
disinfected  with  weakly
acidic hypochlorite
water(available chlorine 0.0 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0

52.2+2.10 ppm, pH 4.3) for
3 min

! method A : Iodometric method (ppm)

? method B : DPD metric method (ppm)
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52.242.10 ppme] ¢k Aol ity E =Xdte] AHES BAe¢thFigs. 87-88). 2Ee
Ay 7)ol BAEE HAE He AxFAH Aoy d¢ ZRIHE BER 83X
@ od AA7E golstA erol make SAE w29 HEA

&

, A =S T, 25, pH 59 i
ol A HFo] &oldt FEHE o] Fox7] o A
zA3E= ta A7y Aok Staphylococcus aureusE N BTFE dte] wlAbA zpold AakEe)
R zPold st E AF FEdol| gk AwEe A A, stainless steel, TEhsE 2
52 AFe viA ZGoldaakeE oF 3 log cycle, 9FAHA Xpold ik <F 4 log cycleo]
A8+ th 3V Escherichia coliE N3 TdFE dte] m|AMA 2ol Axkg9l ekARA xfold &
TE AZ FH W3 dHe AP} AHoA = stainless steel, EeF2=E Bl FA] A2

o) abA 2pold A4kEE ¢F 3 log cycle, °FAHA xpoldaabE oF 4 log cycleo] ZHASHA
ol 3 A oA Bacillus cereusty Staphylococcus aureus, Enterococcus faecaliss o
© & stainless steeloll A A3 Aot FARRE ¢ o2 AdHT A xpopd A
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Fig. 87. Sterilization effect of acidic hypochlorite water against Escherichia coli ATCC

10535 on surface of stainless steel (a), plastic (b) and wood ().

Symbol : A, not treated, B, tap water, C, slightly acidic hypochlorite water (26.6+0.76 ppm), D,
weakly acidic hypochlorite water (52.2+2.10).
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Fig. 88. Sterilization effect of acidic hypochlorite water against Staphylococcus aureus

ATCC 6538 on surface of stainless steel (a), plastic (b) and wood (c).

Symbol : A, not treated, B, tap water, C, slightly acidic hypochlorite water (26.6+0.76 ppm), D,
weakly acidic hypochlorite water (52.2+2.10).

- 226 -



7. @RHE ASAY

b xR 4G 5 A3AE

o)
2
o2l
e
4
o
T-‘D"
oX,
o
N
N

5 S

Aoletr] st 7Ee] YEFH ABFEZE FTASA HA, BASY =xdE TAHL 29
ppm(29+1.3 ppm)e] W 4kA told a9l 60 ppm(59.6+2.1 ppm)e] <kal

Astey  axE  BAST. A 7FE AE olF: EASY HAE
4.9x10°+£1.5x10* CFU/gellom, olghg #AF A2l AlFE 3.6x10°+1.2x10* CFU/gel 1 d
W 29 ppme] 4k Zpold a4k A2 TE 7.5x10°+2.0x10° CFU/ge YERAIT 60 ppm

o] A ol aAbE 2.0x10°+1.6x10° CFU/gE oleh-&3 §ARE Fo+E YeEld

gdTTE B4 A3 A U1E AE olF FTAS tAT T oekE EAF AT
M 29 ppme] WARA Zpold A AP FE 4.2%x10°+6.9x10° CFU/g
1.1x10°+1.6x10° CFU/g2 e L tHFig.

o
QEsms FESE AUY 0 AREHe] Folo] 9T Ao BUHAE YYO

104
)
E 108
O
g : :
T 102 1
=}
o
[&]
S
S
§ 10"
=
100 T T
A B C D
Treatment

Fig. 89. Microbial count of smoked duck meat disinfected with slightly acidic hypochlorite

water and weakly acidic hypochlorite water. Symbols are samples not treated (A), treated

with grapefruits seed extract (B), disinfected with 29.8 ppm of slightly acidic hypochlorite water (C) and
60.5 ppm of weakly acidic hypochlorite water (D).
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Fig. 90. Coliform count of smoked duck meat disinfected with slightly acidic hypochlorite

water and weakly acidic hypochlorite water. Symbols are samples not treated (A), treated

with grapefruits seed extract (B), disinfected with 29.8 ppm of slightly acidic hypochlorite water (C) and
60.5 ppm of weakly acidic hypochlorite water (D).

2ol FAS Akl AHEE =
337}55} A3+ Table 149} 24T Fd5e €
log cycled] 2 PGS AR EHgkon oF4

7PEA =AY AlHE A5 oF 1 log cycled] #FAaE E‘i‘ix]‘{ T 2 ZdT EF =4
H,

_Qi
2
N
1o
N
o
N
g
o
s
b
=)
=2
>~

2 Fzoz AASGE Hols AV AU ol e TR BN ARE FEHE Aol
B o2 8] 584 Aramse] AAZ SolshA eaty] MEe Ao weHh

Table 14. Microbial counts of utensil and equipment used in general product flow
[unit : CFU/10 cm?]

Total viable cell count Coliform count
Utensil/Equipment after working after disinfection . - working after disinfection
with WAHW with WAHW

Working table 2.1x10? 1.1x 10! 2.6x10° ND?

Slicer 2.4x10° 1.3x10° 2.2x10 3.1x10
Rubber gloves 2.6x10° 2.9x10° 1.3x 10! 1.0 x 10!
Chef knife 1.1x10° 4.0x10? 1.0x 10! 1.2x 10!
Cutting board 3.9x10° 2.8x10° 3.3x10! 2.0x 10
Bottom of working area 5.2 X 10 1.5x 10 4.0x 10! 0.8 x10°

! Not detected
2 Indicate the sample was negative by enrichment
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#2lE 98] 60 ppm(59.2+£3.2 ppm)e] k4t
geS thAlste]l A AJAn Y edx

Fig. 91. Working area of dduck processing factory.

Table 15. Microbial count of equipment and facilities of dduck processing factory when tap
water and stabilized chlorine dioxide water used as disinfectant.
[unit : CFU/cm?]

Coliform
No. &2 Ist ond 3rd
1 5§71 ZHANE ¢ 1 ND! ND
2 537 Edgol & 1 4 ND
3 537] olFAu~] ¥ 1 ND ND
4 5§71 Hahd F 29X 9 ND ND ND
5 5§71 =8 gol 2o ND ND ND
6 237] 3z AHS 82 30 82
7 237] olFAm7] 4 ND ND
8 2:<z71 =%7] 3 ND ND
9 237] Egntol o 1 ND ND
10 Ao &<k ND ND ND
11 o] ¥a g ND ND ND
12 28 A= ZF ol 1 1 ND
13 1&7)Eg ol o ND 1 ND
14 137] o]=Hnu]7] 1 2 3
15 137] 3z Aujo] & 1 3 ND
16 9 9 yaa g4 5 1 ND
17 ‘ﬂ%ﬂ Wy ol 1 5 ND
18 E¥3d FE(ATD) 25 33 21
19 E8939 ZAE(A) ®) @) )
20 SAMEYIY FE 13 25 11

"Not detected
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Table 16. Microbial count of equipment and facilities of dduck processing factory when

weakly acidic hypochlorite water used as disinfectant.

[unit : CFU/cm?]

Coliform

No. CE st ond 3rd
1 otz ZAE 2 1 1
2 537 A7 5 6 11
3 5% AV EFE ND! ND ND
4  AYPYEEY 3 5 ND
5 537 o]lFHH” 3 2 3
6 AT 8 2 3
7 AT UE 4T 1 1 ND
8 137 &7 4 2 2
9  HXo] YA 9y 1 1 ND
10 137] 99y 24 1 1 2
11 337 Fx7] 1 ND ND
12 9yda oy 2 ND ND
13 437] & &3k 1 ND ND
14 4357] 7t EAE o] 2 ND ND
15 A7 (+81%7D 2 ND ND
16 4357 7] & 949 1 1 ND
17 1-43 2A7}E b= 1 3 1
18 U¥gEY 3, 437] ND ND ND
19 Ug®EEY 1, 257] ND ND ND
20 2EYA ND ND ND
21 9wy ND ND ND
22 AW 9HdEr| S| ND ND ND
23 XA EEA A ND ND ND
24 XA 3457 ND ND ND
25 XA 12357 5454E7] ND ND ND
" Not detected
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Table 17. Microbial count of equipment and facilities of dduck processing factory when
weakly acidic hypochlorite water used as disinfectant.
[unit : CFU/cm?]

Microbial count

No b R Using Tap water Using WAHW
Coliform E. coli Coliform E. coli

1 dF A ND! ND ND ND
2 4 An ND ND ND ND
3 4 f<l ND ND ND ND
4 5 F2% ND ND ND ND
5 157] vjd=r ND ND ND ND
6 137] 12 ¥Z4<4 64x10°28x10" ND ND ND
7 157] 22 Wzt 1.0x10" ND ND ND
8 13]7] 32 ¥YzZ4  33x10°+35%10" ND ND ND
9 53] 1x W4 ND ND ND ND
10 5%7] 2z W7k ND ND ND ND

1 Not detected

- 231 -



v AlAdFHo] AFEQ] A T2 Ad AAE
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E 21 100 ppme] HpolHiAbrE 3E
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2
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o =

9} 1.5 kg/m?e] mfo]lm 21

52.2+2.10 ppme] w4kA o} =
Z(D)= 2.0+1.18 log CFU/g, 52.2+2.10 ppme] m]4HA x}o}dd A4k
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27422 log CFUlg, =<9 10 kg/m'e wlolmzwE=z
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HER 38 AlF, s g2 /M =& AZERE Yo AlF, by 2 A)E
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zto] 7 gl Ao ® HhE Tt 52.2+2.10 ppme] "4 xtoldAbEE 3B A A, A
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Fig. 92. Microbial reduction of sliced carrot (a) and potato (b) by disinfection with various

treatment.

A; not disinfected, B; disinfected with 100 ppm of electrolyzed water for 3 min, C; disinfected with
52.2+2.10 ppm of weakly acidic hypochlorite water for 3 min, D; disinfected with 52.24+2.10 ppm of
weakly acidic hypochlorite water with microbubble (1.0 kg/m® for 3 min, E; disinfected with
52.2+2.10 ppm of weakly acidic hypochlorite water with microbubble (1.5 kg/m® for 3 min. F;
washed with tap water for 3 min, G; washed with tap water with microbubble (1.0 kg/m® for 3 min,
H; washed with tap water with microbubble (1.5 kg/m®) for 3 min.

Data represent means of three measurements.
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