ypHy



(ORP),

40
35

mV

(HCIO)
35

, 10

, 15
pH

20

15

20

ORP

1,100
2



Pseudomonas

Enterococcus faecalis

ORP
ORP

20% 25%

ORP

Escherichia coli,

fluorescens,  Staphylococcus

5 10 <101 CFU/ml

1/300 1/100
3.1x 103 CFU/g
3

aureus,

20

20%

, Aspergillus

Lactobacillus  plantarum,

Salmonella  typhi,

10

1/3,000

9%



6
5 5 2 3
1/130, 1/1,170,

1/870, 1/470 10
6.

, 5 1/10
, 5 1/100
3 6 '
7. ’
20 /1,330 1/1,769
, 10

8.

polysorbate 20, 60 80
(10 ppb, 100 ppb, 1 ppm, 10 ppm 100 ppm)

50



10
, polysorbate 80 1 ppm
1/300 , 1/1,700
. 1 ppm  polysorbate 80
, 20 6.5% 103 CFU/g
1/1,800 ,
30 9.0x 101 CFU/g 1/5,550

) ) , Minimal

Processing



SUMMARY

Use of electrolyzed acid water(EAW) has become popular for sanitation in
the fields of the various food. In this study, by reviewing the experimental
effects of sterilization on microorganism and the physicochemical character-
istics and of electrolyzed acid water, the antimicrobial effects and quality
characteristics during storage on lettuce, crown daisy, kale, agaricus
mushroom and chicken meat by various washing type using cooled
electrolyzed acid water, the cleaning effect of leafy vegetables using the
system with ultrasonic waves, agitation power and air pressure, and the
sterilization effect of cooled electrolyzed acid water using polysorbates at
various kinds and concentrations in immersion washing process were
investigated.

T he results obtained from this study are summarized as follows;

1. In case of closed storage, storage temperature from 5 to 20 had not
caused significant change on ORP(oxidation reduction potential), pH and
HCIO of electrolyzed acid water during 35 days, but in case of open storage
at 5 caused remarkable changes on it's properties until 3 days. ORP in
manufacturing condition of electrolyzed acid water showed the highest value

in NaCl concentration of 20% and water temperature of 20

2. The effect of sterilization in vitro showed that microorganism of
Aspergillus niger, Bacillus cereus, Escherichia coli, Lactobacillus plantarum,
Pseudomonas fluorescens, Staphylococcus aureus, Salmonella typhi,
Enterococcus faecalis, yeast and mold were reduced to <101 CFU/ until 5

minute.



3. The better results of antimicrobial effects on lettuce by the multi- stage
immersion type treatment with frequency of 3 times at 2 min intervals can
be obtained than by the other washing types using electrolyzed acid water

of 5

4. In quality changes of lettuce treated with frequency of 3 times at 2
minute intervals during storage at 10 , the initial total count of microbial
was lower to 1/300 and 1/100 respectively compared with 5.8x 105 CFU/g in
non- treated lettuce and 2.3x 105 CFU/g in tap water. Also the count of
coliform was significantly decreased to 3.1x 103 CFU/g just after treatment.
However, the microbial levels of lettuce immersed in electrolyzed acid water
became similar to those of non-treated lettuce after 3 days storage at 10

In case of color changes during storage, L and b values in electrolyzed acid
water were somewhat higher than those in other treatments. Chlorophyll
content of lettuce immersed in electrolyzed acid water was 9% lower than
those of non-treatment initially but decreased to the same level of other
treatments. Decaying ratio showed the lowest value in lettuce immersed in
electrolyzed acid water until 6 days of storage. The sensory tests shows
that overall acceptability and appearance of lettuce immersed in electrolyzed
acid water are higher than those of other treatments until 3 days and 6

days of storage.

5. Quality changes of crown daisy and kale using multi- stage immersion
type treatment with 3 times at 2 minute by cooled electrolyzed acid water
showed significant lowering effect of total microbial count and coliform, in
other words, as the level of /130 and 1/1,170 in crown daisy, 1/870 and

1/470 in kale respectively. However, total microbial count and coliform were



increased to some level after 6 days storage at 10 . Weight loss, decay
rate, rupture strength, color value, chlorophyll content and overall
organoleptic properties of crown daisy and kale treated by electrolyzed acid

water during storage showed better results than other treatments.

6. The antimicrobial effect by immersion time of chicken meat using cooled
electrolyzed acid water were investigated. The count of surface microbial
was lower to the level of 1/100 compared with the level of 1/10 in tap

water treatment after 5 minute.

7. The washing and antimicrobial effects is affected by adding various
washing system, such as ultrasonic wave, agitation power and air pressure,
were investigated. The washing method adding ultrasonic wave system
showed better results than the other washing methods, such as remarkable
reduction of the level 1/1,330 to 1/1,769 in microbial initial total count after
20 minute and the reduction of coliform count to <101 CFU/ after 10

minute.

8. To enhance the cleaning and sterilization effect of cooled electrolyzed acid
water on lettuce, several kinds of polysorbates were used at various
concentrations in washing process. In case of the treatment containing
polysorbate 20 and 60 did not show a significant sterilization effect.
Otherwise, the total and coliform counts of lettuce in electrolyzed acid water
containing 1 ppm of polysorbate 80 was reduced to the level of about 1/300
and 1/1,700 of those in non-treated one after 10 minute. And total and
coliform count of lettuce immersed in electrolyzed acid water containing 1
ppm of polysorbate 80 was lower to about 1/1,800 after 20 minute and

1/5,550 after 30 minute compared with those of non-treated lettuce.
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2. Polysorbate



(minmal processing)

104 106CFU/g , 10CFU/g

101 103CFU/g fluorescent pseudomonas

, MA

CA



30%

20



2.7

(Oxidation- reduction potential: ORP)
1992

2Cl- - CI2 +2e

Cl2+ HD = HCI + HCIO
HD - 1/2 02t + 2H+ + 2e
2H2O + 2e - H22 + 20H-
Na++ e - Na

Na + HOD - NaOH + 1/2H2

T able

Cl-

+1,000mV

+1359.2 mV

-827.8 mV

1

1pH

Cl-



Table 1. General physicochemical properties of electrolyzed acid- water

pH 25 30
1,000 mV 1,200 mV

10 50 ppm

) pH 24 2.6, ORP +1,000mV

ORP +1,000 1,200mV
15 101 102

in vitro

1

15

1/100 1/1,000
pH 2.7 30,
1010



Bacillus sp. Staphylococcus sp.



polyethylene film

5 swabbing
0.85% NaCl

(g 15x L100 )
24 15 L/min

1 batch 1 kg

polysorbate

60, polysorbate 80 3
50

(1,163 16g)

10cm?2

1% (peptone solution)

(100x 90x 70 ) 4 +10

: W07

PE film 100+ 5g

1 5

Sigma polysorbate 20, polysorbate

10 ppb, 100 ppb, 1 ppm, 10 ppm 100 ppm



( , Model: GRA 1200)
pH 1,150 1,200 mV, pH 24 26

3.
pH  pH meter(Suntex, 2000A, USA) ,

(oxidation- reduction potential; ORP) ORP meter (RM-12P,
TOA Electronics, Japan) |, (HCIO) 50
mL 29, 10 mL 0.5 mL

10 mL
4.
( 30% )
(Chroma meter, CR-200, Minolta Co.,
Japan) 3 , 3
3 L, a b

AOAC , (Volatile basic nitrogen: VBN

) Conway unit

, Texture analyzer (TA-XT2, Stable Micro

System Ltd., England) rupture test . Rupture test



probe ¢ 50

mm/ sec, 4.0
rupture strength(g/cm2
L 3

stainless steel

rod , 0.5

probe

T able 2. Operation condition of compression test

Index Condition
Type Measure force in compression
Distance 4.0
Test speed 05 /s
Probe diameter 5.0

6.
10
(AM-1, , Japan)
1 mL
PCA (Plate

Chromocult agar(Merck Co.)

homogenizer
1 10,000 rpm ,
pour plating ,
Count

Agar, Difco Lab.) |,

[Pseudomonas fluorescens(ATCC 2344)],

[Lactobacillus plantarum(AT CC 3108)],

[Aspergillus niger(ATCC 6144)]

faecalis(AT CC 3206)]

, (BC3), ,

[Enterococcus

(CGF37)



Nutrient
medium(Difco ) , , , ,

Yeast & Mold agar(Difco )

(BC3), : (CGF37)
25 37 24 72 100
ml 1%(v/v) 25  incubator
0O ,10 , 20 , 40 , 60 1 ml
25
37 24
7.

aldrin, a - BHC, captafol, captan, dieldrin, o,p- DDD,
p,p- DDD, endrin, o -endosulfan, [ -endosulfan, endosulfan sulfate, PCNB
(Pentachloronitrobenzen), procymidone, carbendazim, metalaxyl, chlorpyrifos
Supelco

Table 3

Table 4 . ()



T able 3. Pesticides detected in lettuce.

No. of

Pesticides Years ratio(%)
sample
Azinpos- methyl, BPMC, BHC, Carbaryl,
Captafol, Captan, EPN, Chlorpyrifos,
diazinon, Dimathoate, Dicofol, Fenthion, '83-'90 128 131

Fenitrothion, Isoprocarb, M alathion,
Parathion, Phosmet, Phenthoate

*source: ,

Table 4. Commercial pesticide products used in this experiments.

Main pestiside Concentration

Commercial name Product type

components (%)
Procymidone 50 solid
Carbendazim 40 solid
M etalaxyl 7.5 solid
Endosulfan 35 liquid
Diazinon 3 solid
Chlorpyrifos 25 solid

1)
aldrin, a - BHC, captafal,
captan, dieldrin, o,p-DDD, p,p-DDD, endrin, o -endosulfan, [ -endosulfan,
endosulfan sulfate, PCNB(Pentachloronitrobenzen), procymidone, carbendazim

5 ppm, 10 ppm 24



Table 4

100 ppm 035 /
, 5
5
50 ,
10
24
2)
AOAC
)
(1)
100 g , 10 g
30% acetone 100 blender 5
30% 50
blender 5
40 acetone 10% NaCl 100
hexane 50 5
hexane . hexane 50 5
hexane . 50
hexane Nazs04 column

column  hexane 20 . 40 5

hexane

hexane acetonitrile 20 5



acetonitrile 5% NaCl 400 hexane

hexane acetonitrile 20 5
acetonitrile 5% NaCl 400 100
hexane 1 : hexane
50 hexane
100 hexane Nazs04 column
column  hexane 20 40
5
(2)
BHC, DDT, Aldrin, Dieldrin, Endrin
20 column  florisil 10 g, Nazs04 8 g hexane
hexane
column 15% ether hexane 150
40 BHC, DDT, aldrin, dieldrin, endrin, dicofol

Captan, Catafol

15 column  active carbon:cellulose(1:10) 5g,
Nazs04 5 g hexane hexane
column ether 80
40 5 Captan Captafol
Endosulfan
20 column  florisil 10 g, active carbon:cellulose(1:10)
2 g, Nazs04 8 g hexane
hexane . column 40%

hexane benzene 100 20% hexane ether 100



40 Endosulfan
GC Table 5

Table 5. Operation condition of GC for organochlorine pesticide.

GC system GC- 14B(Shimadzu)
Carrier and make up gas N2 50 /min
Detector ECD

Column CBP- 5, capillary
Detector temp. 320

Injection temp. 300

Column temp. 160 220

Injection volume 1

) Carbendazim
carbendazim AOAC
Table 6

Table 6. Operation condition of HPLC for carbendazim analysis.

HPLC system Jasco HPLC

Column Octadesylated CI8 LC

Mobile phase MeOH/0.01IM KHZP0480:20, v/v)
Flow rate 1.0 /min

Detector UV at 280 nm

Injection volume 20

(1)

100 g 10 g 40



2 150 methanol blender 5
diatomaceous earth
100 acetone blender 5
diatomaceous earth 40
4 acetone 0.IN HCl 25
hexane 50
hexane hexane 50 1
1.0N
NaOH 0.IN NaOH pH 6 7 50 ethyl acetate
5 ethyl acetate 50
ethyl acetate 5 ethyl acetate
40 50
0.IN HCI 25 5 ethyl
acetate 0.IN HCI 25 5
10N NaOH 0.IN NaOH pH 6 7
50 ethyl acetate 5 ethyl
acetate . 50 ethyl acetate 5
ethyl acetate ethyl
aceate Nazs04 1 20
ethyl acetate
40 10 dichloro
- methane
(2)
Frorisil 10 g, Nazs04 5 g dichloromethane
dichloromethane column
dichloromethane 100 100 ethyl



acetate:hexane(1:1, v/v) 40

methanol
) Procymidone
procymidone AOAC
Table 5
(1)
10 g 2
150 acetone blender 5
diatomaceous earth 100 acetone
blender 5 diatomaceous earth
40 50
acetone 5% NaCl 200 hexane 100
5 hexane
hexane 100 hexane
. Hexane Nazs04
30 hexane 20
40
acetonitrile acetonitrile 30 hexane
acetonitril 30 5
acetonitrile . Hexane hexane
acetonitrile 30 acetonitrile
acetonitrile . acetonitrile hexane 50
acetonitrile 40

10 hexane



(2)
5 30 column  florisil 10 g, Nazs04 5 g

ether:hexane(5:95, v/v)

ether:hexane(5:95, v/v) column
ether:hexane(5:95, v/v) 100 ether:hexane (15:85,
v/v) 100 40 hexane
) Metalaxyl
metalaxy| AOAC
Table 5
(1)
100 g 100
20 g acetone 100 5 diatomaceous
earth ,
blender acetone 50 5
, 40
20 . 5% NaCl 200 dichloromethane
100 5
dichloromethane . dichloromethane
100 dichloromethane
. Dicholoromethane Nazs04
30 . dichloromethane 20
40 dichloromethane acetone:

dichloromethane(15:85, v/v) 100 50



diatomaceous earth 2 g
diatomaceous earth
acetone: (2:5, viv)

dichloromethane 50
dichloromethane
50
. Dichloromethane

30

40

acetone:dichloromethane(15:85, v/v)

(2)
Column( 25 30 )

acetone:dichloromethane(15:85, v/v)

50

dichloromethane
dichloromethane
Nazs04

dichloromethane 20

dichloromethane

10

florisil 5 g, Nazs04

59

acetone:dichloromethane(15:85, v/v)

column
v/v) 40
80 . 40
acetone 4
) Diazinon
diazinon

Table 5

acetone:dichloromethane(15:85,

acetone:dichloromethane(3:7, v/v)

AOAC



(1)

10 g 30% acetone
100 blender 5 ,
30% acetone 50 blender 5
5% NaCl 400
20% dichloromethane benzen 100 1
dichloromethane, benezn
20% dichloromethane benzen 100
dichloromethane, benzen
100 Dichloromethane, benzen Nazs04
column column  benzen 20
40 hexan
(2)
Column( 15 ) active carbon:cellulose powder(1:10, w/w)
59, Nazs04 5 g benzen
benzen column
benzen 150 40 benzen
N2 gas benzen acetone
8.
8 Kadder



1
Cl-
(ORP)
1,100 1,200 mV
600 mV
2
1 pH
, 19% ORP
20 20% 25%
ORP ORP 20%
HCIO , pH 15

19%

(Fig. 1, 2, 3).



5,1 , 15 20
(ORP), (HCIO) pH ,
35
40 1,140 mV 1,130 mV ,
5 17.82 ppm 7 12.83 ppm
35 . 35
40 8.55ppm 48%
. pH 5 pH 1.9
2.0 6 pH 215 230
, , 5 3
, 20 15 ORP 1,100 mV , HCIO 5
6 3.55 ppm , 20 2 1.77 ppm
. pH 5 20 1 2.20
(Fig. 4, 5, 6).
3 5 1,050 mV



ORP 1,156 - 896
10 20% 1,100 20%
ORP 769 50%
1,100 (Fig. 7).
ORP
HCIO Fig. 8
48.76 ppm 2.84 ppm 0.71
ppm
, pH 2.99 pH 10.05

20%

pH pH 6.87
(Fig. 9).
, , 20 ORP
1,156 10 Fig. 10
ORP 50
1,148 ORP
95 1,150
ORP . Fig. 11
HCIO 46.76 ppm
HCIO 60 36.5 ppm



pH 2.38
(Fig. 12).

10 ppm
pH

HCIO

95

231

50%

30



104
107CFU/g, 102 104CFU/g , 102CFU/g

Bacillus cereus, Escherichia coli, Salmonella typhi,
Staphylococcus aureus
Pseudomonas fluorescens, Lactobacillus plantarum,

Aspergillus niger

Table 7 Aspergillus niger
2.3x 105CFU/ 10 2.9x 105CFU/ 60 2.7x 105CFU/
2.3x 105
CFU/ 10 <10I1CFU/
Bacillus cereus 5.5x 105CFU/ 10
5.2x 108CFU/ 60 7.9x 105CFU/
, 5.5% 105CFU/ 10 5.0x 101
CFU/ , 20 <10I1CFU/
, Escherichia coli 4.2x 106 CFU/
10 5.5% 106CFU/ , 60 5.7x 106CFU/
, 4.2x 106CFU/ 10
<10I1CFU/



Lactobacillus plantarum

1.7x 106CFU/ ,

CFU/
P seudomonas fluorescens

6.9x 105 CFU/ ,

<10ICFU/
Staphylococcus aureus

2.7x 106CFU/ ,

CFU/
Salmonella typhi
x 108CFU/ , 60

Enterococcus faecalis

1.2x 106 CFU/ ,

(BC3),
(Table 8).

2.7x 1068CFU/ 10
60 1.9x 106CFU/
2.7x 1068CFU/ 10 <101
6.3x 105CFU/ 10
60 8.0x 105CFU/
6.3x 105CFU/ 10
2.5x 106CFU/ 10
60 4.1x 106CFU/
2.5% 106CFU/ 10 <101
6.4x 105CFU/ 10 5.7
7.4x 105CFU/
6.4x 105CFU/ 10 1.5x 105CFU
<10ICFU/
1.2x 106 CFU/ 10
60 1.3x 106 CFU/
1.2x 106 CFU/ 5 <101 CFU/
(Fig. 13).
(CGF37),
5



103 CFU/g



(enzymatic browing reaction) ,

tyrosinase(polyphenol oxidase,

EC 1.14.18.1)
tyrosinase
tyrosonase
tyrosine melanin
tyrosinase
, 950 mV 1,140 mV
tyrosinase 75 83% (T able 9).
( ), ORP
1,140 mV 1,040 mV, 4
: ( B)
1 7.12 3 6.22
4
, ( E) 455, 7.12

(Table 10, 11, 12, 13).



aldrin, o -BHC, captafol, captan, dieldrin, o,p-DDD, p,p-DDD, endrin, o -

endosulfan, 3 -endosulfan, endosulfan sulfate, PCNB(Pentachloronitrobenzen),

procymidone, carbendazim 5 ppm, 10 ppm ,
Table 14
H H pH
, Table 14 aldrin, captafol,
captan diazinon

dieldrin 37%, o -endosulfan 22%, B -endosulfan 63%), endosulfan
sulfate  45%, endrin  88%, a -BHC 57%, o,p’-BHC 58%, p,p'-DDT

105%, procymidone 34%, PCNB  22%



Procymidone

31% ,
66% . carbendazim
0.0160 ppm
0.104 ppm
, metalaxyl
1%
, endosulfan

3.670 ppm
1.120 ppm
2.420 ppm

0.046 ppm
24

6.660 ppm
4.820 ppm 3%

0.074 ppm

1.050 ppm, 0.923 ppm

, diazinon

3.050 ppm



chloropyrofos

0.468 ppm 0.113 ppm
carbendazim
(Table 15).
metalaxyl, endosulfan, diazinon chlorpyrifos  GC

chromatogram  Fig. 14 25



NaCl

10
T able 16
7.4x 106 CFU/g 30



6.8x 106 CFU/g , 8.1x

104 CFU/g 30 9.6x 104 CFU/g
, 7.9x 106 CFU/g

5 8.5x 105 CFU/g

6.6x 104 CFU/g
5 3.1x 103 CFU/g
30 5.9x 102 CFU/g

, ,pH  HClO (T able 17),

10 10 , 25 50
50 30

1/86 , 1/540
HClO 30

’ pH



100
HCIO

15 L/min
19
HCIO

25
1

Table 20

5.5x 106 CFU/g,

3.8x 104 CFU/g, 1.7x 103 CFU/g

1/2,200,

(T able 18),
1/200

pH

40 mV,

, HCIO

50 1,2

, 3
, pH HCIO
25

5.0x 105 CFU/g 2 3

3, 3
, 25 2
1/2,000

10 , 50

100
1/650

, Table

pH 045
50%

1/140, 1/300



1.
2 3
10
5.8x 105 CFU/g
1/100 1/300 6
3

9.0x 106 CFU/g 3.1x 103 CFU/g

rupture strength
64.67+ 1.15 g/cm2
+ 1.15 g/cm2

PE film 100+ 5 g

. Table 21

2.1x 103 CFU/g
2.3x 105 CFU/g

1/3,000

) 56.40
49.87+ 1.19 g/cm2



9
6
30.00+ 1.25% 60.71%,
48.15%
9
6
7 L
b , E 3
3
6 E 5
122.33+ 0.23 mg% , 112.38+ 0.19 mg%
9%
3
Table 22 , 6






, Table 23 )
9.3x 105 CFU/g 1.2x
107 CFU/g 1.0x 107 CFU/g 1/110 1/130

6.2x 106 CFU/g
5.3x 103 CFU/g  1/1,170



3.2x 104 CFU/g 2.8x 107 CFU/g
1.5x 106 CFU/g 1/50 1/870
6 1

2.8x 106 CFU/g
6.0x 103 CFU/g  1/470

, Table 24

23.08%
35.71%, 50.00%
9



4.34, 6

4.73

3 mg%

2343

14.07

149.52 mg%

3 3.01
E 6 162, 9
153.11 mg%
3
Table 25
6
9
9



, Table 26

6 6.67%

20.22%, 29.41% 3 4

, rupture strength

115.03 g/cm2 113.63 g/cm2 ,
146.37 g/cm?2
rupture strength

rupture strength

12



, 161.91 mg%,
161.06 mg%, 158.90
mg% , 3 , 6

, (T able 27),

rupture strength



5
1 ppm  polysorbate 80
, Table 28

, 1 1.74x 104 CFU/g, 1 ppm

polysorbate 80 1 3.90x 104 CFU/g
3.56x 105 CFU/g 1/20 5
1/88 1/237 ., 1
polysorbate 80
log (decimal reduction time; D)

0.8

polysorbate 80 5
1.05x 103 CFU/g 12



1)

1 2 1
5 y
Fig. 26 . 5
1 2 0.1%

3 0.2%

0.1%
3
2) pH
pH : pH

27 . 5.92 3

Fig.



4 5.67

pH 5.60
1 0.44%
0.46%
3)
4
Lab
head
4
1 5.14,
head
4

1
4
Fig. 28
1 0.40%
Fig. 29
0.4569+ 0.0037
L
(T able 29).
( B
3 171
E 6.30 )
3 6.94
3 2.46
E 5.05
1 4.88, 3 412

head



4)

(hardness) . , head
Table 30 head
589.7, 1 3 4 567.6, 470.3 4501
head )
Table 30
611.0 ,
1, 3 4 584.7, 580.0 569.8
1
head
5)
Table 31
(sample ) (sample )
4



10
Fig. 30

5 1/10
5 1/100

(Fig. 31).



1)

Table 32 . ,
10 2.30x 103CFU/g, 10 3
1.80x 10CFU/g
2.45x 104 CFU/g 1/10 ,
10 1.00x 101 CFU/g, 10
3 1.10x 101 CFU/g
1.35x 103 CFU/g 1/100 . ,
2.45x 104 CFU/g 2 4.60x 105 CFU/g 7

2.21x 107 CFU/g
107 108CFU/g

9 3.30x 105 CFU/g
L 5
2)
(KS) (VBN)
, Fig. 32 344 % 5
14.06 %, 7 17.04 %

(KS) 17 mg%



1298 1403 % 9 1442 %
17 % VBN
, pH

(Fig. 33).

' 10

10

10



1.
50 5, 10, 20 )
(TT) 20
1/38, 1/30
(ET) 80 1 ppm
(EPT) 20 1.03x 106 1.15x 106
CFU/g 1/1,330, 1/1,769 7.75% 102 6.50x 102 CFU/g 50%
10
polysorbates 80
HCIO
E 10 5.83 ET

EPT E 20 269 4.07



(Table 33).

' 200

240 rpm 5, 10, 20

10

8.20x 105 4.20x 104 CFU/g 1/3, 1/8

80

polysorbate 80 10
1.30x 106 1.55x 106 CFU/g  1/121, 1/718
, 1/87, 1/1,505

polysorbate 80

(T able 34).
, 200
4 5, 10, 20
, 2 20
1/13
1/172, 1/984
, 1/68, 1/802
3 20
1/29, 1/23
80

9.15x 106 5.84x 106 CFU/g  1/1,397, 1/1,449
1/1,904, /35518



2 5.62

3 atm

200
50

HCIO
(T able 35, 36, 37).

20 2.7



2. Polysorbates

103 109 CFU/g, 103 107 CFU/g
, 106 108 CFU/g,
104 108 CFU/g , M icrocuccus
104 107 CFU/qg, 101 104 CFU/g

(hydrophilic group) (lipophilic group)
( )

HLB(Hydrophilic- Lypophilic Blance) 10 15 ,
HLB 10
glycerin citric acid fatty acid ester, glycerin diacetyl tartaric acid
fatty acid ester, polyglycerin fatty acid ester, sucrose fatty acid ester,

polysorbate 20, polysorbate 60, polysorbate 80

HLB 10



polysorbate

. Polysorbate

Polysorbate HLB(Hydrophilic- Lypophilic Blance) 10

(surface
activity)
20 M ,
polysorbate
50 polysorbate 20, polysorbate
60 polysorbate 80 10 ppb, 100 ppb, 1 ppm, 10 ppm 100 ppm
10 ) ,
Fig. 34 polysorbate 20
1.8x 107 CFU/g 10 ppb
5.3x 105 CFU/g, 100 ppb 1.1x 106 CFU/g, 1 ppm 4.6x 105
CFU/g, 10 ppm 2.1x 104 CFU/g, 100 ppm 2.2x 105 CFU/g

, 2.7x 106 CFU/g, polysorbate 20
5.3x 105 CFU/g ,

2.7x 106 CFU/g polysorbate 20
10 ppb 8.5x 104 CFU/g, 100 ppb 1.1x 105 CFU/g, 1 ppm



7.0x 104 CFU/g, 10 ppm 1.4x 104 CFU/g, 100 ppm 11

x 105 CFU/g , 45x 105 CFU/qg,
polysorbate 20 5.2x 105 CFU/g
, 50 polysorbate 20
polysorbate 10 ppm
1/250 , 1/4

Polysorbate 60 Fig 35 ,

10 ppb 1.5x 105 CFU/g, 100 ppb 8.6x 104
CFU/g, 1 ppm 7.5x 104 CFU/g, 10 ppm 5.0x 104 CFU/g, 100
ppm 1.6x 104 CFU/g , 53
x 106 CFU/g , polysorbate 60
3.6x 105 CFU/g . , 10 ppb 5.4x 104
CFU/g, 100 ppb 7.8x 104 CFU/g, 1 ppm 1.2x 104 CFU/g, 10
ppm 9.0x 103 CFU/g, 100 ppm 1.2x 104 CFU/g ,

19x 105 CFU/g, polysorbate 60

5.0x 104 CFU/g . , 50
polysorbate 60 10 ppm polysorbate
120 , 1/6
, polysorbate 80 Fig 36
3.0x 106

CFU/g 4.7x 105 CFU/g polysorbate 80 10 ppb ,
2.2x 105 CFU/g, 100 ppb 45x 104 CFU/g, 1 ppm 2.3x 102
CFU/g, 10 ppm 15% 103 CFU/g, 100 ppm 1.9% 105 CFU/g
, 2.1x 105 CFU/g, polysorbate 80



10 ppb

1.5x 101 CFU/g, 10 ppm

x 103 CFU/g

, 50

polysorbate

1/300 ,

(Fig. 37).

. Polysorbate 80

polysorbate 80

. Fig. 38

CFU/g

1/1,800
9.0x 101 CFU/g

mV

83%,

1.2x 104 CFU/g, 100 ppb

7.1x 104 CFU/g

1.3x 104 CFU/g, 100 ppm

5.5% 102 CFU/g, 1 ppm

8.5

5.8x 104 CFU/g, polysorbate 80

2.5x 104 CFU/g

polysorbate 80

20

1 ppm
1/1,700
1 ppm
50
(ORP), pH (HCIO)
20 6.5x 103
1.2x 107 CFU/g
, 30
5.0x 105 CFU/g 1/5,550
20
30
10
ORP 1,120 mV 60 1,107
2.63 60 2.76 ,
10.28 ppm 20 8.51 ppm
5.89 ppm 57%



1 ppm  polysorbate 80
10 20

Table 383 1 ppm  polysorbate 80

2.0

' 105 107 CFU/g

1/100
, 0.2 ppm
1
, Polysorbate 80 1 ppm
. Polysorbate 80
1 ppm 80 (EPT)
(TT), 1 ppm

80 (TPT), (ET) 50



, TT TPT
60 14 7 ET
50 8.55x 107 CFU/g 1/1,000
8.45x 103 CFUl/g , ETP 30 1.54x 107
CFU/g 1/12,000 1.28x 103 CFU/g
TT TPT 60 1/10 1/20
ET 60 1/260 3.40x 103
CFU/lg , ETP 40 1.55x 105 CFU/g
1/4,000 4.0x 101 CFU/g ORP
1,145 mV 60 1,131 mV 1.2%
, pH 221 60 2.38 , HCIO
18 ppm 60 10 ppm 60%
, TPT
60 E TT 0.74 134
, EPT TT 60
E 472 7.78 ET E
590 11.28 (T able 39).
, 1 ppm 80 (EPT)
(TT), 1 ppm 80
(TPT), (ET) 50
, TT TPT 60 1/14
17 ET 30
3.70x 106 CFU/g 1/120 3.0x 104 CFU/g , ETP
20 1.43x 106 CFU/g 1/760 1.88x 103
CFU/g TPT 40
1/6 ET 40 1/260
9.60x 102 CFU/g , ETP 30 4.45



x 105 CFU/g 1/2,870 1.55x 102 CFU/g

ORP pH
19 ppm 60 12 ppm
60 E TT
, EPT ET
60 E 231 591

(T able 40).

HCIO
70%
, TPT
126 2.79
TT



(ORP),
40
5
1.92
, 20 15
6 3.55 ppm
5 20

. pH

19%

30

5,10 , 15 20
(HCIO) pH
35
1,140 mV 1,130 mV
17.82 ppm
35
ORP 1,100 mV
, 20 2 1.77 ppm
1 2.20
ORP
ORP
20% 25%

7

20

ORP 20%

12.83 ppm
pH

, HCIO 5

ORP



2. , Aspergillus
niger, Bacillus cereus, Escherichia coli, Lactobacillus plantarum,
Pseudomonas fluorescens, Staphylococcus aureus, Salmonella typhi,

Enterococcus faecalis 5 10 <101 CFU/mlI

10 ’
1/300 1/100
3.1x 103 CFU/g

1/3,000 3

9%

4. 50 5 2 3

1/130, 1/1,170,
1/870, 1/470



10 6

rupture strenth

5.
10
2
3 6
9 9.76mg%
6.

5 1/100

20

1/10

1/1,330 1/1,769



polysorbate 20, 60 80
100 ppb, 1 ppm, 10 ppm 100 ppm) 50

, polysorbate 80 1 ppm
1ppm polysorbate 80
20 6.5x 103 CFU/g
107 CFU/g ,

(10 ppb,
10

1.2%
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Table 14. Amount of pesticides recovered from tested solution.

(Unit : ppm)
W ater _ I
Pesticides Electrolyzed acid water Distilled water
Aldrin ND 1.694
Captafol ND ND
Captan ND 0.762
Diazinon ND 0.483
Dieldrin 1.962 5.291
a - Endosulfan 1.167 5.291
B - Endosulfan 2.873 4.553
Endosulfan sulfate 1.608 3.576
Endrin 3.043 4.133
a -BHC 1.705 2.981
o,p'-DDT 1.643 2.834
p,p'-DDT 0.932 0.891
Procymidone 1521 4.445
PCNB 0.237 1.097

*ND: not detected.



Table 16. Changes in total and coliform count of
lettuce in tap water and

electrolyzed acid water.

Tap water Electrolyzed acid water
Immersion time
(min) Total count  Coliform count Total count  Coliform count

(CFU/g) (CFU/g) (CFU/g) (CFU/g)
0 7.4x 106 8.1x 104 7.9x 106 6.6x 104
5 4.0x 106 8.8x 104 8.5x 105 3.1x 103
10 4.7x 106 6.9x 104 5.6x 105 2.8x 103
15 5.1x 106 7.1x 104 6.7x 105 1.1x 103
20 6.4x 106 7.5% 104 6.1x 105 8.2x 102
25 5.0x 106 9.4x 104 5.8x 105 8.0x 102
30 6.8x 106 9.6x 104 4.4% 105 5.9x 102

*All values are expressed as mean of triplicated

measurements.

Table 17. Sterilization effect of lettuce by immersion
type washing using electrolyzed
acid water



Immersion condition  Total count

Coliform count

EAWY) after washing

Volume Time(min) (CFU/9) (CFU/g) ORP2(mV) pH  HCIO(ppm)
Initial 7.8x 105 2.0x 105 - - -
5 1.6x 105 1.8x 103 1,138+ 3.1 269+ 0.01 15.96+ 0.12
x 10 10 6.1x 104 3.0x 103 1,136+ 24 276+ 0.00 15.96+ 0.02
30 3.1x 104 1.2x 103 1,127+ 1.2 291+ 0.00 11.70+ 0.11
5 8.2x 104 1.6x 103 1,139+ 0.8 293+ 0.01 15.96+ 0.09
x 25 10 1.8x 104 2.8x 103 1,138+ 25 3.09+ 0.01 15.96+ 0.13
30 1.7x 104 1.2x 103 1,132+ 2.1 3.12+ 0.01 13.12+ 0.01
5 3.1x 104 1.0x 105 1,142+ 14 2.65+ 0.00 15.96x+ 0.24
x 50 10 1.1x 104 1.5x 103 1,142+ 1.5 2.70+ 0.01 15.96x 0.14
30 9.0x 103 3.7x 102 1,138+ 0.8 2.69+ 0.00 13.40+ 0.00
*All values are expressed as mean of triplicated
measurements.

Delectrolyzed acid water
2Oxidation- reduction potential.

Table 18. Sterilization effect of lettuce by flow
type washing using electrolyzed
acid water
EAWY) after washing
Volume of Total count Coliform count
flowing water (CFU/qg) (CFU/Q) ORP2(mV) pH HCIO(ppm)
Initial 2.8x 107 7.1x 106 - - -
x 10 1.3x 106 4.0x 105 1,137+ 25 285t 0.01 10.64+ 0.12
x 50 5.5% 105 2.9x 104 1,141+ 1.4 282+ 0.01 1241+ 0.02
x 100 1.3x 105 1.1x 104 1,142+ 15 2.78t 0.00 15.96+ 0.04
*All values are expressed as mean of triplicated

measurements.

Delectrolyzed acid water
2Oxidation- reduction potential.



Table 19. Sterilization effect of lettuce by spray

type washing using electrolysed

acid water
Spray time Total count Coaliform count EAWY after washing
(sec) (CFU/Qg) (CFU/Qg) ORP2(mV) pH HCIO(ppm)
Initial 1.7x 106 6.9x 105 1,155+ 1.0 2.76x 0.01 1844+ 1.10
10 9.4x 105 3.0x 105 1,118+ 0.5 3.19+ 0.01 10.03%+ 1.42
30 8.5x 105 2.6x 105 1,119+ 1.2 3.20+ 0.00 10.17+ 0.06
60 6.7x 105 1.7x 105 1,115+ 1.0 3.18+ 0.02 10.10+ 0.58
120 5.1x 105 1.1x 105 1,118+ 15 3.20+ 0.01 10.80% 1.02
180 3.3x 105 9.5x 104 1,117+ 1.2 3.19+ 0.02 10.80+ 0.86

*All values are expressed as mean of triplicated

measurements.

Delectrolyzed acid water
2Oxidation- reduction potential.

Table 20. Sterilization effect of lettuce by multi- stage
immersion type washing using

electrolyzed acid water



Immersion condition EAWY) after washing

Total count Coliform count

voume  1M® P! cruig(cRUig omeamy)  pn 00
Initial 5.5x 106 5.0x 105 - - -

1 6.0x 105 3.1x 105 1,127+ 1.4 331+ 0.01 7.80+ 1.02

1 2 2.3x 105 4.4x 104 1,128+ 1.0 3.11+ 0.00 8.16+ 0.18

3 6.8x 104 1.5x 104 1,126+ 0.5  3.04+ 0.00 6.74+ 0.12

1 3.5x 105 5.8x 104 1,119+ 11 290+ 0.02 12.06x 1.20

x 25 2 2 7.3x 104 5.5x 103 1,121+ 1.6 294+ 0.01 12.06x 0.08
3 3.8x 104 1.7x 103 1,120+ 0.5 292+ 0.01 12.05+ 0.12

1 3.9x 105 7.6x 104 1,126+ 2.2 287+ 0.00 11.70+ 1.02

3 2 1.6x 104 3.6x 103 1,127+ 04 285+ 0.00 12.06+ 0.35

3 3.4x 104 2.8x 103 1,128+ 1.7 2.86+ 0.02 12.06x 1.02

Table 20 (Continued)

Initial 5.1x 107 4.3x 107 - - -

1 6.0x 106 2.4x 105 1,115+ 16 314+ 001  7.80+ 1.20

1 2 5.2x 106 4.5% 105 1,117+ 1.8 312+ 0.01  8.16% 0.10

3 1.9x 105 5.2x 105 1,118+ 20  3.14+ 0.00 7.80+ 1.02

1 6.3x 106 4.3x 105 1,123+ 25 299+ 0.00 12.06+ 1.43

x 50 2 2 7.3x 104 3.6x 104 1,123+ 06 299+ 0.01 12.06+ 1.03
3 2.3x 104 2.1x 104 1,120+ 1.1 3.05+ 0.00 13.47+ 1.05

1 4.1x 106 5.3x 105 1,127+ 23  2.85+ 0.02 12.06+ 1.10

3 2 8.2x 104 4.4% 104 1,129+ 09  2.85+ 0.01 1191+ 0.04

3 3.6x 104 1.8x 104 1,129+ 1.0 283+ 0.00 12.27+ 1.03

*All  values are expressed as mean of triplicated
measurements.

Delectrolyzed acid water
2Oxidation- reduction potential.



Table 38. Changes in color value of lettuce after
immersion in electrolyzed acid water
containing 1 ppm of polysorbate 80.

Color valuel

Immersion time (min)

L a b
0 45.20+ 3.12 - 21.56x 0.09 31.62+ 1.54
5 45.06+ 1.69 -20.14+ 1.16 29.76x 0.55
10 47.71+ 1.19 -21.53+ 0.35 31.84+ 1.02
20 46.71+ 0.14 -21.38+ 0.78 32.06+ 1.92
30 48.35+ 2.11 -21.47+ 0.58 33.17+ 2.49
40 46.78+ 0.69 -21.23+ 0.17 31.61+ 0.38
50 46.68+ 1.69 - 20.80+ 0.79 31.19+ 0.70
60 47.05+ 2.11 - 20.08+ 0.96 31.58+ 1.62

DAIl values are expressed as mean of triplicated

measurements.

T able 23. Changes in total and coliform countl) of crown daisy and
kale during storage at 10



Storage time (day)

T reatment
0 3 6 9 12
c NT2 1.21x 107 7.25x 107 3.04x 108 5.05x 108 2.80x ]
rown
) TT3 1.03x 107 1.96x 108 1.02x 109 1.12x 109 6.90x
T otal dasiy
) ETY 9.30x 104 5.25x 105 8.34x 107 1.35x% 108 5.25% ]
coun
(CFUIg) NT 2.77x 107 2.31x 107 1.93x 108 2.50x 108 3.15% ]
g Kale TT 1.49x 106 2.25x 108 1.04x 109 8.85x 108 5.50% ]
ET 3.20x 104 6.50x 105 6.25x 107 1.09x 108 5.25% ]
NT 6.16x 106 1.54x 107 4.50x 107 1.07x 108 6.25% ]
Crown
) TT 1.16x 105 3.50x 107 1.30x 108 1.90x 108 6.35% ]
Coliform dasiy
count ET 5.25x 103 2.90x 104 7.05x 106 1.25x% 107 4.65x% ]
u
(CFU/g) NT 2.80x 106 9.20x 106 8.45x 107 2.10x 107 6.70% ]
Kale TT 4.60x 105 1.55% 107 7.40x 108 1.02x 109 6.30%
ET 6.00x 103 1.30x 105 3.80x 107 1.25x% 109 4.70x ]
DAIl values are expressed as mean of triplicated measurements.
2Not Treated.
3immersed in tap water.
AHmmersed in electrolyzed acid water.
Table 29. Changes in L, a and b values of agaricus
mushroom during storage
s I Initial Storage time (days)
nitia
ample it 1 3 4 7
L 55.36+ 2.80 57.18+ 0.82 58.21+ 5.73 58.12+ 3.05 56.77+ 5.01
a 9.42+ 0.58 9.28+ 0.50 10.57+ 1.63 10.65+ 0.49 10.91+ 1.88
Head b  28.36+ 2.08 32.21+ 2.53 31.88+ 1.07 31.95+ 1.65 32.32+ 1.62
L 60.10+ 4.06 60.97+ 4.06 58.54+ 5.94 55.62+ 2.68 56.94+ 3.34
a 8.19+ 0.62 8.43+ 0.62 7.66x 0.96 10.78+ 1.15 10.78+ 1.18
b  25.45+ 1.60 25.76+ 1.60 25.01+ 2.40 29.05+ 2.80 29.75+ 2.91
L 66.31+ 3.88 67.80+ 1.26 68.75+ 1.34 63.71+ 7.12 60.06+ 3.79
a 7.44+ 0.85 5.36+ 0.40 5.79+ 0.25 7.22+ 2.85 9.55+ 1.18
Stem b  34.24+ 2.53 30.92+ 3.65 3257+ 3.44 30.37+ 6.63 32.37+ 1.66
L 69.70+ 2.50 69.52+ 1.21 71.82+ 4.47 72.18+ 3.85 70.61+ 2.72
a 3.69+ 2.54 2.22+ 0.68 449+ 212 4,01+ 0.78 4,70+ 0.61
b  74.69+ 3.62 17.39+ 2.06 28.70+ 5.21 27.87+ 2.33 27.96+ 1.10

* Each data is means of triplicated measurements.



. electrolyzed acid water
> non- treatment
Table 9. Inhibition effect of electrolyzed acid
water with different oxidation-
reduction potentials on tyrosinase activity

Oxidation reduction potential
P Inhibition effect(%)12

(mV)
800 50.8a
850 72.8b
900 72.5b
950 79.8adgy
1,000 77.7d
1,100 78.66g
1,110 82,60y
1,120 81.7¢gy
1,130 746K
1,140 76.29

D All values are expressed as mean of triplicated
measurements.
2 Values with different alphabet within the same
row are significantly
different at p<0.01.
Table 10. Change in L, a and b values of sliced apples

immersed in different kinds of

water.



Immersion time (hr)

Treatment
0 0.5 1 3

L 82.79 80.82 78.11 76.82
Distilled water a 3.45 3.85 5.15 6.23
b 22.38 23.19 24.94 2581
water a 3.37 430 -0.06 5.76
(ORP 1,140mV) b 21.96 23.72 23.62 2544
water a 3.33 4.23 -0.07 6.05
(ORP 1,040mV) b 20.04 2431 22.30 25.15
L 82.48 79.34 75.79 75.74

Electrolyzed alkali
a 3.42 4.76 5.06 6.89

water

b 22.35 2431 23.40 26.32

Table 11. Change in L, a and b values of sliced potatoes

immersed in different kinds of

water.



Immersion time (hr)

Treatment
0 0.5 3

L 78.74 77.25 75.69
Distilled water a -1.35 -0.12 0.36
b 21.06 23.33 2241
Electrolyzed acid L 78.87 78.75 77.93
water a -1.38 -0.44 5.50
(ORP 1,140mV) b 21.57 22.47 25.10
Electrolyzed acid L 78.88 7734 7748
water a -135 -0.35 563
(ORP 1,040mV) b 21.37 2251 2471
) L 78.82 77.36 75.55

Electrolyzed alkali
a -1.36 -0.05 0.5

water

b 21.37 22.83 22.38

Table 12. Change in L, a and b values of apple juice

mixed with different kinds of

water.



Immersion time (hr)

T reatment
0 1 2

L 50.43 42.28 39.70
Distilled water a 4.03 6.85 7.65
b 16.22 18.26 18.28
Electrolyzed acid L 56.41 55.26 54.50
water a 3.33 3.35 3.55
(ORP 1,140mV) b 13.66 13.75 14.09
Electrolyzed acid L 55.37 55.19 54.40
water a 3.32 3.26 3.36
(ORP 1,040mV) b 13.42 13.20 13.33
_ L 74.27 71.33 65.05

Electrolyzed alkali
a - 3.67 -0.22 0.18

w ater

b 23.36 2341 26.79

mixed with different kinds of

Table 13. Change in L, a and b values of potato juice

water.



Immersion time (hr)

Treatment
0 1 3 5

L 61.27 59.20 59.56 59.17
Distilled water a 2.56 2.39 3.26 3.50
b 15.56 15.01 15.71 15.84
water a 2.59 1.73 1.75 1.79
(ORP 1,140mV) b 12.95 11.30 11.45 11.63
water a 2.28 1.63 1.75 1.74
(ORP 1,040mV) b 12.98 11.61 11.89 12.12
) L 79.53 72.61 65.33 62.56

Electrolyzed alkali
a -1.77 -0.97 -0.13 0.11

water

b 17.33 17.56 18.96 19.44

T able 28. Effect

mushroom by electrolyzed acid

of sterilization on the agaricus

w ater
Immersion time  Total count Coliform count EAWY) after washing
(min) (CFU/g) (CFU/9)  oRrPz(mV)  pH HCIO(ppm)
Initial 3.56x 105 1.05x 103 1,155+ 1.0 2.76+ 0.01 18.44+ 1.10
1 1.74x 104 1.0x 101 1,118+ 0.5 3.19+ 0.01 10.03+ 1.42
Onl
y 3 5.60x 103 ND 1,119+ 1.2 3.20+ 0.00 10.17+ 0.06
EAW
5 4.05x 103 ND 1,115+ 1.0 3.18+ 0.02 10.10+ 0.58
EAW 1 1.90x 104 ND 1,118+ 1.5 3.20+ 0.01 10.80+ 1.02
+
3.70x 103 ND 1,117+ 1.2 3.19+ 0.02 10.80+ 0.86
1 ppm
PS3 5 1.50x 103 ND 1,113+ 1.0 3.09+ 0.01 10.10+ 0.23
*All values are expressed as mean of triplicated
measurements.

Delectrolyzed acid water



2Oxidation- reduction potential.

Storage time(day)

0 1 3 4
Sample 589.7+ 48.4 568.4+ 132.1 A475.4+ 1299 448.6+ 114.8
Head
Sample 589.7+ 48.4 567.6+ 117.1 470.3+ 119.1 459.1+ 645
Sample 611.0+ 70.5 508.4+ 82.0 471.5+ 88.9 467.6+ 94.8
Stem
Sample 611.0+ 70.5 584.7+ 101.5 580.0+ 102.7 569.8+ 92.0

3Polysorbate 80.
Table 30. Changes in hardness of agaricus mushroom

during storage at 5
* Sample : electrolyzed acid water

Sample : non- treatment

Tabel 39. Sterilization effect of electrolyzed acid water containing 1 ppm of

polysorbate 80 on crown daisy



Treat Immersion time(min)
ment 0 10 20 30 40 50 6
TT  400x 107 9.00x 106 9.15x 106  9.18x 106 9.40x 106 9.50x 106  9.20x
Total count TPT 4.83x 107 220x 106 9.70x 106  7.41x 106 6.95x 106  7.25x 106  7.80x
(CFU/g) ET  855x 107 9.55x 104 951x 104  865x 104 8.60x 104 845x 104  8.45x
EPT 154x 107 175x 104 9.0lx 103  1.28x 103  4.85x 103  6.40x 103  6.65x
Coliform  TT  116x 105 108x 104 104x 104 109x 104 144x 104 116x 104  1.1Ix
ount  TPT 845x105  7.25<104 355x104 415x 104 450x 104 470 104  3.80x
ET  890x 105 560x 103 4.45x 103  4.35x 103 395x 103 3.50x 103  3.40x
(CFU/9)  EpT  155x 105  1.65x 102  1.57x 102  150x 102  4.00x 101  4.00x 101  5.00%
TT 551 491 446 426 408 390 37
ORP  TPT 554 495 450 430 415 392 38
(mv)  ET 1146 1141 1140 1140 1139 1134 115
EPT 1145 1142 1140 1139 1139 1135 115
TT 6.05 6.41 6.77 7.00 7.04 7.35 7E
oH TPT 6.00 6.32 6.67 6.98 7.00 7.24 7.
ET 221 227 2.26 224 225 233 27
EPT 2.22 2.26 225 228 228 231 27

T able 39. (continued)

oo TT 0 0 0 0 0 0 0
coment TPT 0 0 0 0 0 0 0
ET 18.25 16.39 14.97 14.97 14.97 13.83 9.2
(ppm)  EpT 18.75 16.39 15.60 15.60 14.89 14.26 12.
TT 4612+ 158 4500+ 1.78 4486+ 0.89 4541+ 123 47.27+ 0.33 47.31+ 0.05 47.02+
| TPT 4521+ 121 4579+ 038 4460+ 143 4517+ 152 4715+ 006 4613t 108 4798
ET 4413+ 045 47.79+ 019 47.81+ 023 4823+ 1.51 48.44+ 019 4928+ 1.40 4953+
EPT 4512+ 125 4885+ 0.70 4895+ 1.05 47.98+ 0.61 47.87+ 1.24 4855+ 0.15 4823
TT -14.36+ 0.38 - 13.96+ 0.36 - 13.96+ 0.73 - 14.66+ 1.43 - 15.20+ 0.10 - 14.94+ 0.03 - 15.65:
Color TPT -15.64+ 0.81 - 14.92+ 0.73 - 14.77+ 0.21 - 1527+ 0.32 - 14.47+ 0.12 - 14.32+ 0.24 - 15.31:
value ET -14.98+ 151 - 17.02+ 1.03 - 17.73+ 1.59 - 20.01+ 0.25 - 21.03+ 1.62 - 23.15+ 1.51 - 22.99-
EPT -13.8%+ 1.09 - 16.28+ 053 - 17.26+ 0.92 - 17.99+ 0.02 - 17.34+ 1.08 - 18.21+ 0.33 - 18.01:
TT 1937+ 021 17.85+ 1.04 17.46+ 152 19.23+ 330 20.18+ 021 19.76+ 0.01 20.73+
, TPT 1982012 1824x 0.80 1967+ 003 1981 320 2012 0.93 1989t 054 2056
ET 1963t 058 2211+ 1.70 22.62+ 024 2571+ 1.15 2594+ 073 27.31+ 1.26 28.92+
EPT 1913+ 0.61 2078+ 052 2393+ 1.75 2578+ 0.13 24.34+ 143 2511+ 098 25.08%

*TT; immersed in tap water.

TPT; immersed in tap water

80.

containing 1

ppm of polysorbate



ET; immersed in electrolyzed acid water.

EPT; immersed in electrolyzed acid water containing 1 ppm of

polysorbate 80.

*All values are expressed as mean of triplicated measurements.

Tablel 40.

containing 1 ppm of polysorbate 80 on kale

Sterilization

effect of

electrolyzed acid water

Treat Immersion time(min)

ment 0 10 20 30 40 50 60
Total TT 256x% 106  194x 105  1.92x 105  1.98x 105 1.89x 105 1.95x 105  1.93x 1
count TPT 394x 106  7.15x 105 6.00x 105 6.55x 105 6.55x 105 6.85x 105  7.05x 1(
ET 3.70x 106  4.22x 104  3.15x 104  3.00x 104 3.01x 104 2.95x 104  2.87x 1
(CFU/Q) EpT  143x 106  2.37x 103 1.88x 103  1.91x 103 2.10x 103  2.20x 103  2.15x 1
Coliform TT 2.70x 105  4.70x 105  4.63x 105 4.71x 105 4.72x 105 4.68x 105  4.69x 1
count TPT 290x 105  8.20x 104  500x 104  4.70x 104  4.50x 104  4.85x 104  5.50x 1
ET 250x 105  1.17x 103  9.95x 102  9.90x 102  9.80x 102  9.70x 102  9.60x 1
(CFU/9) EpT  445x 105 3.00x 102 156x 102  1.55x 102  1.56x 102 2.00x 102  2.10x 1(
TT 557 501 463 432 417 395 384

ORP TPT 560 503 459 431 418 385 362
(mV) ET 1144 1140 1138 1138 1136 1133 1130
EPT 1145 1143 1140 1136 1135 1131 1129

TT 5.90 6.21 6.58 6.80 6.99 7.20 7.38

oH TPT 6.10 6.41 6.65 6.85 6.97 7.24 7.35
ET 2.23 2.28 2.27 2.29 2.29 231 2.35

EPT 2.23 2.23 2.29 231 2.28 2.35 2.37

T able 40. (continued)



Hclo TT 0.00 0.00 0.00 0.00 0.00 0.00 0.00
content PT 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ET 18.75 15.60 14.89 14.89. 14.26 13.83 12.12
(Ppm)  Epr 18.75 17.98 15.25 13.12 13.12 12.06 11.70
TT 4272+ 0.26 4398+ 0.94 4256 1.77 44.04+ 1.29 45.05t 3.41 45.23+ 0.08 44.53% 0.
L TPT 4135+ 053 4217+ 051 41.45+ 3.17 4252+ 0.78 43.27+ 231 43.31+f 1.09 42.78t 0.
ET 4036+ 1.02 4398+ 1.84 45.15+ 0.35 46.10+ 1.47 46.38t 0.64 47.98+ 1.54 48.38% 0.
EPT 40.97+ 055 43.84+ 0.64 4525+ 0.89 46.27+ 2.17 47.49+ 1.62 47.66x 1.95 4851+ 1
TT -12.29+ 1.16 - 12.54+ 0.44 - 1250+ 0.35 - 13.91+ 0.78 - 14.81+ 2.31 - 14.31+ 1.13 - 13.99+ 1
Color TPT -12.18+ 0.91 - 13.01+ 1.04 -12.79+ 0.82 - 12.99+ 0.94 - 13.50+ 0.51 - 13.47+ 1.28 - 12.85% C
value ET -1237+ 0.25 -13.99+ 2.92 - 14.64+ 143 -14.78+ 0.21 - 15.11+ 1.13 - 16.23+ 2.10 - 15.99+ C
EPT -12.35+ 0.26 - 13.43+ 1.04 - 13.50+ 1.06 - 14.97+ 1.55 - 15.03+ 0.69 - 15.43+ 0.98 - 15.94+ (
TT 14.03+ 1.07 14.01+ 051 1425+ 162 1531+ 0.53 16.78t 1.51 16.65+ 0.82 16.13% O.
b TPT 1460+ 0.86 14.27+ 1.26 14.76+ 0.41 14.79+ 044 15.08+ 0.58 15.39t+ 0.76 14.56x O.
ET 1480+ 0.52 16.56x 2.62 17.95+ 0.01 1857+ 1.21 18.64+ 0.07 19.34= 0.51 20.14% O.
EPT 1448+ 0.14 1648+ 226 17.38+ 216 17.76f 2.29 20.23= 0.61 20.59+ 0.98 23.39t+ 3
*TT; immersed in tap water.
TPT; immersed in tap water containing 1 ppm of polysorbate
80.
ET; immersed in electrolyzed acid water.
EPT; immersed in electrolyzed acid water containing 1 ppm of
polysorbate 80.
*All values are expressed as mean of triplicated measurements.
Table 8. Changes in the number of microorganism in the
electrolyzed acid water and the
sterilized water
(Unit: CFU/ )
ime(min)
. _ 0 5 10 20
microorganism
SDW 3.5% 104 3.6x 104 3.5% 104 3.6x 104
EAW 3.5x 104 ND ND ND
SDW 1.6x 104 1.6x 104 1.7x 104 1.6x 104
EAW 1.6x 104 ND ND ND
SDW 1.5% 104 14x 104 1.6x 104 1.6x 104
EAW 1.5% 104 ND ND ND
SDW 6.4x 104 6.5% 104 6.4x 104 6.6x 104
(Rhizopus sp.) EAW 6.4x 104 ND ND ND




*ND: <101 CFU/ml
EAW: Electrolyzed acid water
SDW: Sterilized distilled water.

Table 15. Amount of pesticides recovered from
leafy lettuce immersed in
different kind of solutions.

(Unit : ppm)
W ater Electrolyzed Electrolyzed o
Distilled water

Pesticides acid water alkali water

Procymidone 1.120 2.420 3.670
Carbendazim 0.104 0.046 0.016
M etalaxyl 4.820 0.074 6.660
Endosulfan 0.923 ND 1.050
Diazinon ND ND 3.050
Chlorpyrifos ND 0.648 0.113

*ND: not detected.
Table 21. Changes in the quality characteristics of lettuce during storage at

10



Quality

Storage time (day)

characterics Treatments 0 3 6 9
NT ) 5.80x 105 3.09x 106 5.00x 107 6.65x 107
T?éaéuc/og‘;m TT2 2.28x 105 5.64x 107 1.42x 108 3.83x 107
ET3 2.10x 103 3.75x 104 7.35x 106 5.80x 107
NT 9.00x 106 2.90x 106 3.90x 106 2.17x 106
Coliform count . 3.00x 105 6.85x 106 1.05% 107 4.90x 106
(CFUTQ) ET 3.10x 103 2.95x 104 2.75% 106 1.90x 106
Rupture NT 64.67+ 2.87 5850+ 2.40 51.17+ 0.95 50.40+ 1.37
strength TT 56.40+ 1.15 53.07+ 2.61 48.13+ 4.01 4417+ 2.75
(9/cm3 ET 49.87+ 1.19 4807+ 1.55 42.97+ 0.95 44,67+ 050
Weight loss NT 0.00+ 0.00 0.50+ 0.01 1.09+ 0.58 1.59+ 0.18
(%) TT 0.00+ 0.00 0.50+ 0.44 1.11+ 0.46 1.32+ 0.34
ET 0.00+ 0.00 0.55+ 0.42 1.10+ 0.28 1.11+ 0.64
. . NT 0.00+ 0.00 0.00+ 0.00 48.15+ 0.28 60.00+ 2.40
Decay(';g ratio g 0.00+ 0.00 000+ 000 6071+ 432 8611+ 117
ET 0.00+ 0.00 0.00+ 0.00 30.00+ 1.25 87.50+ 2.97
NT 4448+ 0.32 4536+ 0.52 48.29+ 0.48 49.78+ 1.56
L TT 4515+ 1.01 4654+ 111 49.33+ 1.33 55.79+ 0.06
ET 47.95+ 0.84 50.93+ 2.46 53.26+ 0.22 67.42+ 1.59
NT -19.89+ 045  -19.65+ 0.70  -21.30+ 052 - 24.85+ 0.18
Color value a TT -22.15+ 015  -1959+ 072  -22.75f 017 -2571+ 0.29
ET -20.88+ 042  -19.87+ 023  -2262+ 0.77 -2058+ 1.20
NT 27.97+ 0.66 28.89+ 0.35 31.70+ 0.47 38.97+ 0.98
b TT 31.97+ 0.83 29.91+ 2.04 35.65+ 0.84 4547+ 0.19
ET 33.22+ 0.77 32.14+ 3.24 36.76+ 2.24 78.16+ 1.85
Chlorophyll NT 12233+ 023 12010+ 093  116.00+ 0.04 9257+ 1.18
content TT 12233+ 031 11520+ 061 11370+ 0.06  77.37+ 1.20
( %) ET 112.38+ 0.19 82.84+ 0.14 77.59+ 0.05 79.17+ 1.06

*All values are expressed as mean of triplicated measurements.

DNot Treated.

2lmmersed in tap water.

3immersed in electrolyzed acid water.



Table 22. Changes in sensory quality of lettuce during storage at 10

Organoleptic

Storage time (day)

T reatments

properties 0 3 6 9
NTJ 5.00A 5.00A 4.00aB 3.00aC
Discoloration TT2 5.00A 5.00A 3.000B 2.33C
ET3 5.00A 5.00A 4.00aB 1.67¢C
NT 5.00A 4.00B 3.67aB 3.00aC
Wilting TT 5.00A 5.00A 3.00B 2.678B
ET 5.00A 5.00A 4.00aB 2.00RC
NT 5.00A 4.00B 3.67aB 2.67aC
T exture TT 5.00A 5.00A 3.67aB 2.00RC
ET 5.00A 5.00A 4.00aB 1.67C
NT 5.00A 4.67A 4.00aB 3.00aC
Decay TT 5.00A 5.00A 3.00B 2.67aB
ET 5.00A 5.00A 4.00aB 1.67C
NT 5.00A 4.00B 4.00aB 2.67aC
Overall
TT 5.00A 5.00A 3.00B 2.331C
acceptance

ET 5.00A 5.00A 4.00aB 2.67aC
NT 0.00A 0.00A 0.00Aa 0.00A

Smell of
) TT 0.00A 0.00A 0.00A 0.00A

chlorine
ET 0.00A 0.00A 0.00A 0.00A

ahdM eans with the same superscripts in a row in the treatment are not

significantly different (p<0.05).

ABCDM eans with the same superscripts in a row in the storage days are not

significantly different(p<0.05).
DNot Treated.
2lmmersed in tap water.

3immersed in electrolyzed acid water.



Fig. 34. Microbial count of lettuce immersed at electrolyzed
acid

water containing different concentration of polysorbate 20. A:
not

treated, B: immersed at tap water, C: immersed at electrolyzed acid water,
D:

immersed at electrolyzed acid water containing polysorbate 20 of 10 ppb,
E:



immersed at electrolyzed acid water containing polysorbate 20 of 100 ppb,
F:

immersed at electrolyzed acid water containing polysorbate 20 of 1 ppm,
G:

immersed at electrolyzed acid water containing polysorbate 20 of 10 ppm,
H:

immersed at electrolyzed acid water containing polysorbate 20 of 100 ppm.

Fig. 35. Microbial count of lettuce immersed at electrolyzed



acid

water containing different concentration of polysorbate 60. A:
not

treated, B: immersed at tap water, C: immersed at electrolyzed acid
water, D:

immersed at electrolyzed acid water containing polysorbate 60 of 10 ppb,

E:

immersed at electrolyzed acid water containing polysorbate 60 of 100 ppb,
F:

immersed at electrolyzed acid water containing polysorbate 60 of 1 ppm,
G:

immersed at electrolyzed acid water containing polysorbate 60 of 10 ppm,
H:

immersed at electrolyzed acid water containing polysorbate 60 of 100
ppm.



Fig. 36. Microbial count of lettuce immersed at electrolyzed
acid

water containing different concentration of polysorbate 80. A:
not

treated, B: immersed at tap water, C: immersed at electrolyzed acid
water, D:

immersed at electrolyzed acid water containing polysorbate 80 of 10 ppb,



immersed at electrolyzed acid water containing polysorbate 80 of 100 ppb,

F:

immersed at electrolyzed acid water containing polysorbate 80 of 1 ppm,
G:

immersed at electrolyzed acid water containing polysorbate 80 of 10 ppm,
H:

immersed at electrolyzed acid water containing polysorbate 80 of 100
ppm.



Fig. 37. Residue ratio of microbial count of lettuce after

immersion at electrolyzed acid water containing
different

concentration of polysorbate 80.

Table 24. Changes in qualityl of crown daisy during storage at 10

Storage time (day)

Treatments

0 3 6 9 12
Weight NT2 000+ 000 035t 0.8 052+ 009 056+ 008 0.1+ 0.8
loss TT3 000+ 000 033 008 073+015 077+012 091+ 0.15
(%) ET4 000+ 000 028+ 007 066+ 001 071+ 020 090+ 0.09
Decaying NT 000+ 000 000+ 000 50.00+ 329 5333+ 1.31 7143+ 0.15
ratio TT 000+ 000 000+ 0.00 3571+ 120 5294+ 0.77 85.71+ 1.32
(%) ET 000+ 000 000+ 000 2308+ 0.78 5385+ 311 83.33 1.25
Chiorophyll  NT 15311+ 174 15211+ 048 7858 105 4673t 083 37.00+ 062
content TT 15007+ 0.37 149.42+ 0.16 116.14+ 0.76 65.63+ 0.61 4161+ 0.15
%) ET 14952+ 0.77 148,60+ 0.41 14177+ 0.60 79.87+ 049 43.10+ 0.40
NT 4579+ 110 47.62+ 095 60.05+ 1.60 6113+ 0.84 63.30+ 0.46
L TT 46.94+ 036 4890+ 0.90 5582+ 128 57.02+ 071 58.82+ 3.65
ET 4954+ 120 50.33+ 0.75 5100+ 056 5146+ 050 5461+ 1.37
NT  -17.63+ 0.63 - 1832+ 0.63 - 16.01+ 156 - 1494+ 196 -8.78+ 0.68
S;'E; TT  -1848+ 0.66 - 19.28+ 0.72 - 19.49+ 0.20 - 17.29+ 0.64 - 13.19+ 3.5
ET  -1961+ 049 - 17.78+ 0.80 - 18.90+ 0.88 - 15,81+ 1.09 - 16.75+ 1.66
NT 2230+ 072 2461+ 152 4084+ 124 4220+ 179 5324+ 101
b TT 2441+ 141 2820+ 141 3528+ 131 34.63+ 255 37.06+ 2.30

ET 27.78+ 0.76 26.88+ 1.07 27.75+ 1.71 29.83+ 0.72 34.03+ 1.87




DAIl values are expressed as meant SD of triplicated measurements.

2Not Treated.
3immersed in tap water.

dmmersed in electrolyzed acid water.

Table 25. Changes in organoleptic characteristics of

during

storage at 10

crown daisy

T reatments

Storage time (day)

0 3 6 9 12
NT D) 5008A  5008A 3678  267C  2.004D
Discoloration ~ TT2 5008A  5008A 26708 2678 1674C
ET3 5008A  5008A 4008  3334B  1674C
NT 5008A  400B  367LEC 267  2.33aD
Wilting TT 5008A  A674MB 267B 2678  1334C
ET 5008A  5008A  400dB 267 133D
NT 5008A 4008  3676BC  3000C 200D
T exture TT 5008A 467408 267C  300BC  1.674D
ET 5008A  5002A 40048  3334C 133D
NT 5008A  5008A 3678  2674C 200D
Decay TT 5008A  5008A  3334BC  333EC  1.334D
ET 5008A  5008A 4008  333EC  1.334D
overal NT 5008A 433  3678C  2674C 200D
TT 5008A  5008A 26708 2674B  1.334C
acceptance ET 5.00a 5008A  4008C  333C  167d4D
Small of NT 00022  0002A  000AA 0002  0.008A
lerine TT 0002A  0002A  000AA  000&A  0.008A
ET 0002A  0002A  000AA  000&A  0.008A

abhc Means with the same superscripts in a row in the treatment are not
significantly different (p<0.05).
ABCD Means with the same superscripts in a row in the storage days are



not

significantly different(p<0.05).

DNot Treated.

2lmmersed in tap water.

3immersed in electrolyzed acid water.

Table 26. Changes in qualityl of kale during storage at 10



Storage time (day)

T reatments
0 3 6 9 12
Weight NT2 0.00+ 0.00 0.8+ 007 050+ 010 054+ 0.04 0.53% 0.10
loss TT3 0.00+ 0.00 0.4+ 005 052+ 010 060+ 0.19 0.63+ 0.12
(%) ET4 000+ 000 029+ 002 050+ 002 065+ 012 0.68+ 0.06
Decaying NT 0.00+ 0.00 0.00+ 0.00 2941+ 210 50.00+ 3.10 55.56+ 6.32
ratio TT 0.00+ 0.00  0.00+ 0.00 20.00+ 1.23 56.25+ 1.29 7222+ 1.94
(%) ET 000+ 000 000+ 000 667+ 0.78 4857+ 342 6333+ 241
Rupture NT 115.03+ 1.89 111.67+ 158 11533+ 519 122,67+ 2.72 148.27+ 1.07
strenth TT 113.63+ 2.05 119.80+ 2.38 111.07+ 2.81 11597+ 1.60 126.77+ 1.07
(9/cm3 ET 14637+ 525 14103t 144 13147+ 1.60 13570+ 4.30 162.60+ 4.88
Chlorophyl NT 161.91+ 0.86 134.45+ 1.09 9427+ 0.43 47.39+ 231  1.38+ 0.20
content TT 160.06+ 0.44 10573+ 0.74 92,67+ 0.83 47.95+ 051 6.57+ 0.37
(mg2%) ET 15890+ 0.81 11391+ 0.82 10841+ 0.85 94.80+ 1.76 51.83t 0.41
NT 4117+ 053 4597+ 149 7180+ 143 6954+ 095 7341+ 1.62
L TT 4250+ 0.94 56.87+ 1.04 67.78+ 1.70 65.90+ 0.74 70.13+ 0.78
ET 4423+ 051 47.69+ 059 5357+ 333 5248+ 0.37 64.87+ 0.84
NT -15.01+ 0.26 -20.35+ 1.01 -14.29+ 126 -7.92+ 295 -9.08+ 1.84
\(/:;Ij; TT -15.26+ 0.91 -2231+ 0.35 -17.91+ 0.43 -12.95+ 1.91 -9.63+ 0.60
ET -16.10+ 045 -19.20+ 0.62 -18.87+ 1.24 -12.62+ 0.10 - 11.09+ 0.77
NT 17.79+ 099 2558+ 1.76 49.30+ 1.28 51.88+ 1.65 53.30+ 0.81
b TT 18.31+ 0.77 38.93+ 1.47 5224+ 27 5022+ 317 48.94+ 0.13
ET 20.03+ 1.16 27.34+ 146 35.16+ 3.32 23.25+ 1.07 46.65+ 1.60
DAIl values are expressed as meant SD of triplicated measurements.
2Not Treated.
3immersed in tap water.
Hmmersed in electrolyzed acid water.
Table 27. Changes in organoleptic characteristics of kale during

storage



at 10

T reatments

Storage time (day)

0 3 6 9 12
NTJ) 5002A  367tB 233D  2674D  2.00&
Discoloration TT2 5008A  433%A 2338 2338 1.33C
ET3 5002A 5008 3338  200&D 1.33D
NT 5002A 4008 233D 3.00&C  2.00D

Wilting TT 5008A  433@AB 2674B 26748 1.334C
ET 5002A  5008A 30088  2334C  1.00D
NT 5002A 3338  300&C  3.00&C  2.00D
Texture TT 5002A 4008  3.00&C  3.00&C  2.008D
ET 5008  467aA 3008 2678  167L
NT 5002  4.008A 2678 3.00&C  2.33LC
Decay TT 5008 433\  267B 2678  1331C
ET 5002A  5.008A  3334BC 233LC  1.00C

NT 5002  333tB  233tC  2678C  2.334C
Overall TT 5000A 4008 267« 200D 200D
acceptance ET 5002A  5008A 3008  2006C  1.00D
Smell of NT 0.002A  0.002A  0002A  0.002A  0.008A
orine TT 0.002A  0.002A  0.002A 0002  0.008A
ET 0.002A  0.002A  0.002A 0002  0.008A

ahdM eans with the same superscripts in a row in the treatment are not

significantly different (p<0.05).
ABCDEM eans with the same superscripts in a row in the storage days are

not

significantly different(p<0.05).

DNot Treated.

Jlmmersed in tap water.
3immersed in electrolyzed acid water.



Table 31. Sensory evaluation of agaricus mushroom during storage at 5

Storage time (day)

Sample
1 3 4 7
450+ 001 4.20+ 0.02 3.60+ 0.02  3.30+ 0.03
Odor
460+ 001 410+ 0.02 320+ 0.0  2.80+ 0.02
460+ 001 350+ 001 3.60+ 0.0  3.60+ 0.01
Color
440+ 001 3.80+ 0.01 3.00+ 0.02  2.70+ 0.03
480+ 001 4.60+ 001 3.60+ 0.03  3.60+ 0.01
Texture
470+ 002 430+ 001 320+ 0.0  2.20+ 0.02
470+ 001 3.70+ 001 370+ 0.02  3.20+ 0.01
Freshness
460+ 002 3.90+ 0.02 270+ 001  2.10+ 0.03
460+ 001 410+ 001 3.90+ 0.03  3.50+ 0.01
Browning
440+ 001 350+ 0.02 3.00+ 0.01  1.90+ 0.04
overall 450+ 002 3.80+ 0.01 350+ 0.02  3.60+ 0.03
acceptance 450+ 001 3.80+ 0.02 290+ 0.0l 250+ 0.02

* . electrolyzed acid water

: non- treatment

*Each data is means of 10 sensory evaluation values.



Table 33. Sterilization effect of electrolyzed acid water on lettuce by
immersion
type with ultrasonic waves
Immersion time (min)
T reatment 0 5 10 20
T otal TT 5.10x 107 1.50x 106 1.37x 106 1.35x 106
count ET 1.03x 106 2.7x 103 1.45x 103 7.75x 102
(CFU/qg) EPT 1.15x 106 2.50x 103 1.20x 103 6.50x 102
Coliform TT 3.00x 105 1.40x 104 1.30x 104 1.00x 104
count ET 9.02x 104 1.00x 102 ND ND
(CFU/qg) EPT 9.50x 104 1.05x 102 ND ND
ORP TT 295 280 268 259
ET 1140 1128 1121 1113
(mV) EPT 1140 1128 1123 1108
TT 7.23 7.21 7.40 7.45
pH ET 245 2.70 2.75 2.83
EPT 247 2.74 2.73 2.90
HCIO TT 0 0 0 0
content ET 22.69 17.09 16.67 15.04
(ppm) EPT 22.69 17.73 15.60 15.32
TT 48.67+ 0.51 46.67+ 159 4327+ 1.15 43.38+ 1.12
L ET 44,13+ 0.83 4447+ 0.85 45.75+ 1.14  45.27+ 0.93
EPT 44,13+ 0.83 4493+ 0.80 44.29+ 2.17 4490+ 1.65
TT -20.21+ 035 -19.48+ 3.49 -1855+ 0.12 -17.42+ 0.46
Color a ET -20.48+ 0.12 -22.15+ 0.62 -22.28+ 0.28 -22.35+ 0.10
EPT -20.48+ 0.12 -20.95t 1.48 -21.29+ 0.65 -22.12+ 1.10
TT 34.62+ 349 3422+ 150 33.19+ 217 38.58+ 1.39
b ET 27.55+ 0.98 30.51+ 144 30.82+ 0.20 30.76+ 0.57
EPT 27.55+ 098 30.08+ 1.24 30.74+ 0.16  30.63+ 0.84

*All values are expressed as mean of triplicated measurements.
*TT; immersed in tap water.
ET; immersed in electrolyzed acid water.
EPT; immersed in electrolyzed acid water containing 1 ppm of polysorbate

80.



Table 34. Sterilization effect of electrolyzed acid water on lettuce by
immersion
type with agitation power

Immersion time (min)

T reatment

0 5 10 20
TT 8.20x 105  946x 104  251x 105  3.60x 105
Total count 1.30x 106  2.13x 104  1.07x 104  9.90x 103
(CFU/g) EPT 155% 106  305x 103  2.16x 103  1.90x 103
Coliform TT 420x 104  525x 103 560x 103 575 103
count ET 101x 104  510x 102  1.16x 102  1.08x 102
(CFUlg)  EPT 438x 105  315x 102 291x 102 2.40x 102
oRP TT 293 284 271 269
ET 1141 1131 1128 1125
(mV) EPT 1141 1128 1125 1123
TT 7.25 7.29 7.35 7.45
oH ET 2.49 261 2.67 2,65
EPT 251 2,65 263 2.69
HCIO TT 0 0 0 0
content ET 22,69 17.02 16.67 14.89
(ppm) EPT 22,69 16.31 15.60 14.18
TT 4646+ 096 4614+ 022 4463+ 139 4564+ 0.40
L ET 4777+ 039 4828+ 031 4879+ 139 4914+ 0.16
EPT 4698+ 075 4809+ 019 4814+ 019 4915+ 0.44
TT S2151+ 0.60 - 2154+ 0.62 -20.87+ 026 -2044% 131
Color a  ET _21.14+ 043 -22.07+ 070 -22.11+ 031 -22.17+ 0.32
EPT  -21.85: 042 -2341+ 054 -2317+ 0.74 -23.40% 0.29
TT 2052+ 072 3019+ 032 29.51* 064  30.12+ 0.96
b ET 2733+ 042 2802+ 012 2814+ 025 2830+ 017
EPT 2723+ 037 27.92+ 049 2853+ 021 2817+ 0.29

*All values are expressed as mean of triplicated measurements.

*TT; immersed in tap water.

ET; immersed in electrolyzed acid water.

EPT; immersed in electrolyzed acid water containing 1 ppm of polysorbate
80.



Tabel 35. Sterilization effect of
immersion
type with air pressure of 2 atm

electrolyzed acid water on

lettuce by

Immersion time (min)

T reatment

0 5 10 20
Total TT 344x 106  5.15x 105  4.60x 105  2.55x 105
count ET 169x 106  2.19x 104  1.78x 104  9.80x 103
(CFU/g) EPT 495x 106  6.00x 103  542x 103 503 103
Coliform TT 850x 104  2.10x 104  1.33x 104  6.40x 103
count ET 2.00x 105  355x 103  3.50x 103  2.95x 103
(CFU/g) EPT 480x 106  6.40x 102  6.01x 102 598 102
ORP TT 295 265 257 251
ET 1141 1125 1120 1112
(mV) EPT 1141 1123 1115 1107
TT 7.25 7.42 7.55 7.56
pH ET 2.46 2.71 2.72 2.86
EPT 2.50 2.75 2.75 2.90
HCIO TT 0 0 0 0
content ET 22.75 17.31 16.52 15.12
(ppm) EPT 23.01 17.09 16.78 15.42
TT 4533+ 096 4537+ 043 4451+ 058  46.22+ 0.53
L ET 4659+ 1.13  49.15+ 029  49.66+ 158  49.37+ 0.65
EPT 4815+ 091 50.17+ 027 50.17+ 0.05 50.24+ 0.05
TT -19.83+ 041 -20.22+ 041 -20.74+ 092 -20.12+ 0.63
Color a  ET -17.97+ 051 -18.07+ 046 -18.32+ 0.36 -18.74% 0.36
EPT  -17.50+ 043 -18.04+ 034 -19.28+ 0.06 -19.46x 0.37
TT 29.17+ 0.64 2948+ 022 29.98+ 037 29.61+ 0.64
b  ET 27.48+ 031 2851+ 056 29.31+ 123  29.50+ 0.55
EPT 28.06+ 1.63 3065+ 1.82 31.31+ 1.19 3111+ 0.82

*All values are expressed as mean of triplicated measurements.
*TT; immersed in tap water.

ET; immersed in electrolyzed acid water.

EPT; immersed in electrolyzed acid water containing 1 ppm of
80.

polysorbate



Table 36. Sterilization effect of electrolyzed acid water on lettuce by
immersion
type with air pressure of 3 atm

Immersion time (min)

T reatment

0 5 10 20
Totel coumt T 355x 106 257x 105 148x 105  1.23x 105
ET 9.15x 106  890x 103  850x 103  6.55% 103
(CFU/9) EPT 584x 106  500x 103  402x 103  4.03x 103
Coliform TT 4.15x 105 3.75x 104 1.00x 104 1.80x 104
count ET 200x 105  200x 102  1.30x 102  1.05x 102
(CFU/Qg) EPT 380x 105  210x 102 177x 102 1.08x 102
oRP TT 297 264 258 253
ET 1141 1124 1120 1110
(mV) EPT 1140 1121 1114 1103
TT 7.26 7.41 7.54 7.58
oH ET 2.46 272 273 2.89
EPT 2.50 277 278 201
HCIO TT 0 0 0 0
content ET 22.79 16.67 15.60 15.39
(ppm) EPT 22,55 15.60 15.46 14.89
TT 4551+ 006 4592+ 056 4532+ 012  46.74+ 137
L ET 4627+ 079 4910+ 020 49.80+ 030  49.66+ 0.39
EPT 4568+ 071 47.32+ 044 A47.83+ 072 47.67+ 0.44
TT  -1696+ 071 -1849+ 074 -18.26+ 019 -19.36+ 0.34
Color a  ET  -17.35+ 074 -1839% 032 -18.19+ 0.6 -18.79+ 0.30
EPT  -1930+ 026 -19.16+ 022 -19.62+ 033 -19.67+ 0.40
TT 2501+ 019 2528+ 009 2478+ 068  27.78+ 023
b ET 2769+ 017 2939+ 052 20.81+ 096 29.85+ 0.28

EPT 26.39+ 025 30.02+ 016 30.33+ 041 30.39+ 0.84

*All values are expressed as mean of triplicated measurements.

*TT; immersed in tap water.

ET; immersed in electrolyzed acid water.

EPT; immersed in electrolyzed acid water containing 1 ppm of polysorbate
80.



Table 37. Sterilization effect of

immersion

type with air pressure of 4 atm

electrolyzed acid water on

lettuce by

T reatment

Immersion time (min)

0 5 10 20
Total count TT 9.75x 106 9.99x 105 9.54x 105 8.23x 105
ET 4.90x 106 3.09x 103 3.15x 103 3.05x 103
(CFU/g) EPT 6.55x 106  565x 103  580x 103  555x 103
Coliform TT 9.15x 105 7.70x 104 6.55x 104 5.05x 104
count ET 2.60x 105 1.85x 102 1.16x 102 1.22x 102
(CFU/qg) EPT 1.70x 105 1.50x 102 1.45% 102 1.43x 102
TT 297 264 258 253
ORP(MV) ET 1141 1124 1121 1111
EPT 1140 1121 1115 1104
TT 7.25 7.43 7.57 7.61
pH ET 2.46 2.68 2.73 2.89
EPT 2.49 2.75 2.78 2.90
HCIO TT 0 0 0 0
content ET 2291 15.67 15.46 15.25
(ppm) EPT 22.91 15.60 15.53 15.11
TT 4570+ 050 46.01+ 0.74 46.69+ 0.76  48.08+ 0.41
L ET 46.24+ 053 4546+ 1.21 4396+ 1.06 42.61+ 0.55
EPT 48.36x 0.70  46.50+ 0.27 46.32+ 1.62 4582+ 1.04
TT -18.91+ 0.36 -19.95+ 0.54 -20.40+ 0.69 -19.73+ 0.69
Color a ET -17.72+ 0.09 -18.96+ 0.62 -1844+ 150 -18.94+ 0.12
EPT -18.34+ 0.08 -19.68+ 0.96 -19.62+ 0.60 -19.27+ 0.03
TT 27.69+ 155 2843+ 099 30.11+ 0.63 30.57+ 0.78
b ET 26.28+ 0.72 30.88t 191 30.52+ 1.99 30.40+ 0.32
EPT 29.36+ 1.94 32.01t 0.57 30.96+ 2.07 29.11+ 1.01
*All values are expressed as mean of triplicated measurements.
*TT,; immersed in tap water.
ET; immersed in electrolyzed acid water.
EPT; immersed in electrolyzed acid water containing 1 ppm of polysorbate

80.



Table 7. Changes in number of microorganisms in electrolyzed acid water
and sterilized distilled water.

(unit
CFU/ml)
) ) Time (min)
Microorganism
0 10 20 40 60
Aspergillus EAW  23x 105 ND ND ND ND
niger SDW  23x 105 29x 105 24x 105 2.8x 105 2.7x 105
Bacillus cereus EAW 55x 105  5.0x 101 ND ND ND
SDW  55x 105 52x 105 7.3x 105 83x 105 7.9x 105
Eschrichia coli EAW 42x 106  2.8x 101 ND ND ND
SDW  42x 106 55x 106 5.1x 106 55x 106 5.7x 106
L actobacillus EAW  2.7x 106 ND ND ND ND
plantarum SDW  27x 106 1.7x 106 19x 106 1.6x 106  1.9x 106
P seudomonas EAW  6.3x 105 ND ND ND ND
fluorescens SDW  6.3x 105 6.9%x 105 7.7x 105 83x 105 8.0x 105
Staphylococcus EAW  2.5x 106 ND ND ND ND
aureus SDW  25x 106 2.7x 106 4.1x 106 3.6x 106  4.1x 106
Salmonella EAW 6.4x 105 1.5x 101 ND ND ND
typhi SDW  6.4x 105 5.7x 105 6.9x 105 7.2x 105  7.4x 105
Saccharomyces EAW  4.0x 104 ND ND ND ND
cerevisiae SDW  4.0x 104 8.7x 104  8.9x 104 1.3x 105

* ND: <101 CFU/ml.
EAW: Electrolyzed acid water.
SDW: Sterilized distilled water.



Table 32. Changes in microbial counts

and color of chicken meat during

storage at
2
Storage time (day)
Treatment
initial 2 5 7 9 12
NT 245%x 104 4.60x 105 7.30x 105 2.21x 107 3.55x 107 1.75x 108
Total count
; ET 230x 103 3.39 104 7.70x 104 2095x 105 3.30x 106 1.93x 107
(CFU/g)
MT 1.80x 103 1.26x 104 450x 104 1.43x 105 2.20x 106 1.31x 107
NT 1.35x 103 7.60x 103 6.10x 104 8.80x 104 8.30x 104 5.50x 105
Coliform
count ET 1.00x 10 1.30x 102 2.80x 103 159x 104 5.10x 104 2.00x 105
(CFU/g)
MT 1.10x 10 6.00x 10 6.40x 102 1.25x 104 1.05x 104 7.85x 104
NT 68.55+ 0.67 69.33+ 1.18 70.55+ 1.93 69.74+ 1.59 70.02+ 1.48 68.48+ 1.30
L ET 71.95+ 1.16 70.85+ 2.15 70.42+ 0.67 70.06+ 0.96 69.15+ 1.19 68.60+ 0.77
MT 70.32+ 0.98 72.68+ 1.04 71.96x+ 0.37 71.94+ 1.43 72.67+ 0.73 70.85+ 0.32
NT -0.02+ 0.30 - 0.04+ 0.16 +0.16+ 0.45 - 0.07+ 041 -1.67+ 2.64 - 0.65+ 0.25
Color a ET -0.89+ 0.34 - 0.04+ 0.70 - 0.02+ 0.16 - 0.38+ 0.44 -0.64+ 0.17 - 1.15+ 041
MT -0.69+ 043 -0.58+ 1.05-0.86+ 0.27 - 0.91+ 0.08 -1.27+ 0.35 - 1.31+ 0.37
NT 9.35+ 0.39 8.94+ 1.21 1097+ 252 7.77+ 383 853+ 1.12 11.80+ 1.36
b ET 393+ 0.86 511+ 436 5.13+ 195 4.79+ 215 352+ 0.94 6.64+ 2.37
MT 735+ 0.99 7.86+ 458 6.30+ 3.26 6.60+ 1.88 7.11+ 2.09 7.98+ 2.01
*NT; tap water.
ET; immersed in electrolyzed acid water for 10 min.

MT; immersed 3 times for 10 min. in electrolyzed acid water.
*All values are expressed as mean of triplicated measurements.






Fig 1. Principle and production system of electrolyzed acid water.






