1990

(Shimizu
et al., 1994)



1998

1991 1999
1991
1995 pH
7 1996 1997
=] IMP
pH 10.0
IMP  pH 9.0
1994
-630 mV 2.5 mV
1
pH ORP
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2.1

2.1.1
1988 Breidt and Fleming, 1997
2.1.2
2.1.2.1
Spinacia oleracea L. spinach

1995 1988
Brassica rapa L. Chinensis

Group Leaf cabbage

1988

Brassica rapa L.



Chinensis Group Chinjon

1988
2.1.2.2
Phaseolus vulgaris L. snap bean
1905
1995 1979
Capsicum annuum L. pepper hot pepper
sweet pepper bell pepper
1988
Cucumis sativusL. cucumber
2-5

1988



2.2

2.2.1
1989
2.2.2
2.2.2.1
chlorophylls
chloroplast
chlorophylline phytol,

CyoHgoO

hemoglobin =pt pyrrole
porphyrin 1993

a b
a Cs5H7,N,OsMg
b CssH7oN,OsMg
3 CH; CHO

b 3 1



1997

2.2.2.2
120
0.9~1.2 g/kg
5~10 g/kg
Mg
a pheophytin a
1993
1997
2.2.3 C
2.2.3.1 C
C L- L- ascorbic acid
enol form
C, GC; OH H
diketo L-

L - dehydroascorbic acid
6



C 192

fehling
C C
pH 5.0
2 3- -L- 2,3-keto-L-gulonic acid
L- Threonic
acid 1997 C
2.2.3.2 C
C
blanching
C
C
1997
1993 C



2.2.4
free radical

Halliwell et al., 1995

hydroxyl, = OH superoxide anion, O,
nitric oxide, NO hydrogen
peroxide, H,0, singlet oxygen, 'O,
ozone, O3 peroxyl, RO,
hypochlorous acid, HOCI Aruoma, 1998

Cao et a., 1996 Wang et al., 1996

E Jacob,
1994 Machlin and Bendich, 1987

Endo et al., 1984

2.3
2.3.1



1995 Brackett,
1992
Odumeru et al., 1997
pH

1991

1992 Christophe and Carlin, 1994

1992 Nguten-the and Carlin, 1994
Adams 1989 Breidt and Fleming 1997

2000
2000 1994 1994 Brackett, 1992

2.3.2
23.2.1



1992

1999

2.3.2.2
1988

dry film

10

2.0

6.6

1992



2.3.2.3 pH

pH
1984
H* OH
pH 6.0 6.5
pH 7.0
pH 8 -9
pH 9 48
50% 1989
2.3.2.4

Dimethoate, Rogor,
Roxion, Perfekthion, Daphene, De-Fend, Trimetion, Cygon
0O,0-Dimethyl-S-(N-methylcarbam

oyl)-methylphorodithioate CgH1,NO5PS,
11



CHs0 U
P— NH,
CH3S/
1956 ACC Montecatini
1.28 7
80 2.59/100L 21
20 1984

Tamaron, Methamidophos, Monitor,
Hamidop O, S-Dimethyl ester amide of
thiophosphoric acid O, S-dinrthyl Phosphoramidothioate

C,HgNO,PS
O O
CH30 N e H
P—S—CH,—C—N
cHo 7 ™ CH,
1967 Ortho

37-39 44.5



1984

2.4
2.4.1
(1993) (available chlorine)

(liquid chlorine)
(sodium hypochlorite calcium hypochlorite)

(chlorine dioxide)

(NaOCl) 4
50 ; NaOCl 2
30
pH pH
pH ( 1993)
(40 ) (50,000 lux)

(Gelinas and Goulet, 1982)

13



( NaOCl  Ca(0OCl) , )

( 1993)
Breuchat et al. 1998 200 ppm

0157 H7
2000 ppm

2.4.2

uv

185nm

corona discharge

1.5

2000

2.4.3

14



alkylbenzene

sulfonates ABS
1992 5
1998 3 5
2.5
2.5.1
0.5
Na’ Cr H*
OH" 8 10
mV ClIT OH Na
H* Cl,
OH" HOCI
HCI

Na Na

15



H>

Kim et al, 2000 pH
2.6 +1100 mV
oxidation-reduction potential, ORP 30-40 ppm
HOCI 11.6 pH ORP  -800 mV
1996 1999 Anonymous, 1997
2.5.2
HOCI Cl,
HOCI
HOCI pH
Cl,

Anonymous, 1997

Oomori et al., 2000
1999 1996

16



2.5.3

1998 1991
1999 pH 11.5 OH"
-800 mV
1997 pH 10.0
=] pH 9.0
1991
1995
pH 7
1996 2001
254 pH ORP
ORP +200 +820 mV
ORP -700 +100 mV
pH 3-10
pH ORP

1998

17



HOCI

1998 1998
2.6
1999
lzumi 1999

10

1999

40

18

50

1998

30



3.1

19




3.2

3.2.1
cucumber
green pepper snap bean
spinach Chinjon Leaf cabbage
methamidophos dimethoate
200
3.2.2

acidic electrolyzed water, AC
alkaline electrolyzed water, AK
ROX-20TA, Hoshizaki Electric Inc., Japan

14 0.5
pH 2.6 2.8 +1100 mV
pH 11.2 114
mV
3.3.
3.3.1

4A  5A T7A 10A 14A 19A

pH

20

-850



10A  14A 19A 15 30

3.3.2
3.3.2.1
0 25 50
75 100
pH
3.3.2.2
4 0O — 48
6
3.3.2.3
200 mL 250 mL
Firstek Scientific, USA 70 140
210 rpm 30 S
34
1 1
19

0O 3 6 9 12 24

21



3.5

10

AK
AC-15

3

Conn., USA

ppm

3.6
HCI

50

AC 9 AC-9
AK-3 AC 15
AK 5 AK-5

H,0-3333 AC 3

AK 3 AC-333, AK-3
3 H,0-33333
3 5
AC-33333, AK-5  AC-555, AK-5
Ultrasonic cleaner, Branson B-52H,
43 kHz

3 200

NaOH pH AC 2.68



AK 11.24
ppm 0.85 ppm
8-16
3.7
5.24  1.96 ppm 30
3

0.71 ppm
3.8

30

0.5
7 3

3.9
3.9.1 pH

(AC AK) pH
Suntex sp-2200, Taiwan

23

1/500

3.53
1 9
1/1000
1
1/1000
24
5.42 ppm
PE
8 24
7
pH
(Mettler



MP230, USA)

2
3.9.2
HACH DPD-FEAS N,N-diethyl-p-
phenylenediamine-ferrous —ethylene diammonium sulfate
Len et al., 2000 DPD N,N-diethyl-p-
phenylenediamine HACH, Loveland, USA 0.00564
N
3.9.3
total plate count, TPC
CNS 10890 1991 1mL 9 mL
0.1% peptone 0.1mL
Tryptic soy Agar, Difco, USA
37 48+2
3.9.4
total coliform, TC
CNS 10951 1991 3 1 mL 3
x3  9mL LST laurl sulfate tryptose broth, Difco

37 4812 LST
broth 1 BGLB broth  brilliant green lactose

24



bile broth, Difco 37 48+2
most probable number, MPN
MPN/mL

3.9.5
1mL 9 mL 0.1% peptone
3M Petrifilm™ AOAC
2000 1mL
3M Microbiology Products, St. Paul, USA

3.9.6
CNS 13570 1996

50 g 100 mL

1 whatman 1
250 mL
50 mL 50 mL
50 mL
2
20 ¢ 40
5mL GC-FPD, Simaduz,

Tokoyo, Japan 30m x 0.53mm DB-608 0.83um

25



J& W scientific, USA 140
4 min 10 /min 170 1 Omin
Model FPD-14, Shimadzu corporation, Japan

={B- C*V/M 1}/B*100

B
C

ppm
V 5 mL
M
3.9.7

AOAC, 1984

9 -20 85 0.5 gCaCOs;
1 Whatman 2
85% 85 100

mL a

Model 3255, Smart plus, Co., Seoul, Korea
660 nm 642 nm

Ch|0l‘0phy|| a (mg/lOO g): 9.03 * A660 -0.777 * A642
Chlorophyll b (mg/100 g)= 17.6* Ags, - 2.81 * Ageo

Total (mg/100 g) = Chlorophyll a + Chlorophyll b
26



= 7.12* A660 +16.8* A642

3.9.8 C
1992
5 5 Merck, Darmstadt, German
2 3 aboc
2 mL a b 0.2 indophenol
1 3
2 mL ab 2,4-dinitrophenylhydrazine
DNP 1 mL 37 3 C
3 85
5SmL C DNP 1mL 3
30~40 M odel
3255, Smart plus, Co., Seoul, Korea 525 nm
C Sigma, USA
C

3.9.9 a ,a -diphenyl-B -picrylhydrazyl DPPH

Shimada et al. 1992
10 g 100 mL 250 mL
4 mL 1 mM
a ,a -diphenyl-B -picrylhydrazyl DPPH, Merck, Darmstadt,

27



German 1mL 30
Model 3255, Smart plus, Co., Seoul, Korea

517 nm
1- / x100
3.9.10
21-23
7-8 6
3-1
3-2 3-3 3-4 3-2 3-4
50 20
3-1
3.10
SAS (SAS, 1982)
| east

significant difference, LSD
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3-1

1 2 3 45 6 *
(- (6)
1 - (6)
(1) - (6)
D - (6
(1) - (6)
1 - (6)




1D - (9)

% 0 - 50

% 0 - 50

% 0 - 30

% 0 - 50




3-3

1 2 3 4 5 6 *
1D - (6)
D - (6
) @ - (6)
(- (6)
D - (9

1 - (6)
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5. 1 -

% 0 - 10

2.
D - 0O
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Degree of damage(4 ) Wrinkle(2 )

Foxiness(10 ) Brown hollow(6 )

Degree of damage(10 ) Yellowish(1 )
Foxiness(5 ) Degree of soften(5 )

3-1



4.1
41.1

4-1
4 19
pH oxidation reduction
potential, ORP 4
pH 349 947 ORP
986 mV  -535 mV 19
pH 243 11.39 ORP 1164 mV  -863
mV 14 pH 11.39 ORP
-848 mV 4-1 19
pH pH 6.5-8.5
1991
1995
4
2.13 ppm 4-2
19 108 ppm
14 50 ppm
1000 ppm



12 1500
11 t
10°F 1 1000
9 L
8 e
7t AK (pH) 150 S
T gl --+--AC (ORP) E
o o
5 | --®--AK (ORP) 1o &
4 F
3 T * . .
2L e T 4 -500
1+ i S -
0 1 1 1 1 1 _1000
4 5 7 10 14 19
Amps (A)
4-1 pH

Figure 4-1. Difference of electrolyzed water pH and
oxidation reduction potential produced by

various amperes setting.



120

100 |
80 |-
60 I
a0 t
20 t I
- m 0 RN
4 5 7 10 14 19

Amps (A)

Total chlorine
(mg/L)

4-2
Figure 4-2. Difference of acidic electrolyzed water total

chlorine produced by various amperes setting.



pH ORP

1996
14A
15 30
4-1
19 15 0.07 kwh
10 14 1.75 19
14 10 22 26
14
19
30 45.0
14
30 0.3
63 pH 2.82 ORP 1153 mV 59

pH 11.39 ORP-848 mV

4.1.2

ORP 398 mV pH
6.41 pH ORP
4-3
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4-1 10A 14A 19A 30

Table 4-1. Electricity cost and volume of electrolyzed water

generator by various amperes setting.

Time Electricity Salt AK volume AC volume
min  Ampere  Kwh g (L) (L)
15 10A 0.04 15 31 29
14A 0.04 1.8 25 32
19A 0.07 3.9 30 22
30 10A 0.08 3.1 61 56
14A 0.08 3.8 50 63
19A 0.13 7.8 59 45




8

S

—— 0%

—a— 25%
—— 50%
< —>— 75%

8

ORP (mV)
&
3

g

-900 |

-1100 : : :

1 3
Storage time (day)

4-3

Figure 4-3. Effect of concentration on the oxidation
reduction potential of alkaline electrolyzed water

during storage.
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0% 25% 50% 75% ORP
-843mV -736 mV -520mV -199 mV

3 oOmVv
100 mV
OH"
pH 10.5
4-4
pH 1999
4.1.3
28
4
4-5
ORP 515 mV
18
24 ORP -700 mV -500 mV
48 ORP -848 mV
-325 mV 500 mV
4-6
24 100 mV



11.6

114 L g
112 | | ——

—
10.8 | . =75
T

+50
< 106

=25

104 r
10.2
10 |

98 1 1 1

Storage time (day)

4-4 pH
Figure 4-4. Effect of dilution on the pH of alkaline

electrolyzed water during storage.
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-900

-800

-700

——28 |, light
glass

—&—28 , dark
glass

-600

-500

ORP (mV)

-400 |

-300

- 200 1 1 1 1 1 1

0 6 12 18 24 36 48
Storage time (hr)

4-5

Figure 4-5. Effect of light exposure on the oxidation

reduction potential of alkaline electrolyzed water

in glass bottle at 28  during storage.
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-900

-800 F

_700 o
— —®—28 | light
2 600 | PVC
o ——28 |, dak
QO: 500 + PvC

400 +

-300 F

_200 1 1 1 1 1 1

0 6 12 18 24 36 48
Storage time (hr)

4-6

Figure 4-6. Effect of light exposure on the oxidation
reduction potential of alkaline electrolyzed water

in plastic bottle at 28  during storage.



24 ORP -848 mV
-432 mV 48 ORP -275 mV
ORP 90 mVv
p<0.05 4 4-7
ORP 12
-600 mV 48 ORP
-855 mV -402 mV
4
ORP
pH ORP
1 2
1992
4.1.4
ORP
4-8
70 rpm ORP 30
140 rpm 20 ORP
600 mV 25
ORP -150 mV 210
rom 5 -100 mvV 15
0mV 70 rpm
30
ORP pH



-900

-800 | {

-700

- a
600 - 28 ,dak glass

B28 ,dak PVC

ORP (mV)

-500 r ) W4 | dark (glass)

-400 |

-300 =

- 200 1 1 1 1 1 1 1 1 1 1 1 1
0 6 12 18 24 36 48
Storage time (hr)

4-7

Figure 4-7. Effect of storage temperature on the oxidation
reduction potential of alkaline electrolyzed water

during storage.



-1000

-800
- -600 —&— 70rpm
% —— 140rpm
E: 2400 + —&— 210rpm
0
o
-200 +
0|
200 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30
Time (min)
4-8

Figure 4-8. Effect of various shaking time and speed on the
oxidation reduction potential of alkaline

electrolyzed water.




1999

2002
2
rpm 140 rpm 210 rpm
rpm) pH ORP
1
30
4.2
42.1
4-9
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4-9 (@ (b

Figure 4-9. Effect of mixing electrolyzed water on the

appearance of spinach juice by (a)shaking
(b)stand.

AK alkaline electrolyzed water

AC acidic electrolyzed water



i ——AC

Total chlorophyll
(mg/100g)

== AK

—a— Distilled water

ORFRPDNWPMAMOIUGIO N O
T

6 9 12 24
Time (hr)

4-10

Figure 4-11. Effect of mixing electrolyzed water on the total

chlorophyll of spinach juice.
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13.87 mg/100g 8.72
mg/100g 24 6.32 mg/100g
6
14.94 mg/100g 13.27 mg/100g 24

10.16 mg/100g

1996

4.2.2
4.1.4 100 rpm

15 4-2

9 foxiness

15

15 4-3

15

1998
30



4-2
Table 42. Effect of electrolyzed water shake washing on
the appearance of washed L eaf cabbage

Appearance
100 rpm AC AK
3 min No change No change
6 min No change No change
9 min No change No change
12 min Few white spots No change
15 min Severe discoloration  No change

damage

51



4-3
Table 42. Effect of electrolyzed water shake washing on

the appearance of washed cucumber

Appearance

100 rpm AC AK

5 min No change No change
10 min No change No change
15 min No change No change
20 min Few brown spots No change
25 min Spots became sink No change
30 min Spots and sink No change

enlarging

52



4-11

4.3
4.3.1
snhap bean
Chinjon
4-4

6.5- 8.5 Log CFU/g

4 - 6 Log CFU/g

CFU/g

15

total plate count

cucumber green

spinach

Leaf cabbage

2000

10° - 10" CFU/g

pepper

10" - 10°



Leaf cabbage

Cucumber

4-11
Figure 4-11. The appearance of cucumber and Leaf cabbage

washed by electrolyzed acidic water.



4-4

Table 4-4. Total plate count of marketed leaf vegetables and

fruit vegetables

Total plate count (Log CFU/Q)

Variety A B C D E F
Leaf vegetables
Chinjon 848 808 7.76 6.74 6.60 6.59
Leaf cabbage 839 839 835 820 7.92 7.47
Spinach 748 728 750 7.33
Fruit vegetables
Cucumber 5.17 516 459 457 423 3.99
Green pepper 7.73 536 525 468 432 3.93
Shap bean 593 598 6.65 7.04




4.3.2

100 rpm 9
0.5 Log
4-5  lzumi 1999
0.4-
0.6 Log
1989
4.3.3
4-6
pH
pH
3 ORP
-821 mV 5
ORP -822 mV
0.5 Log CFU/g 1999
pH ORP



4-5 9 15

Table 4-5. Effect of 9 min or 15 min water shake washing
on the reduction of total plate count of
marketed different vegetables

Total plate count (Log CFU/Q)

_ Test Before After Log reduction
Variety
number washing washing
Chinjon A 8.48 8.29 0.19
B 8.08 7.89 0.19
C 6.67 6.59 0.08
D 5.67 5.35 0.32
E 8.39 7.33 0.06
L eaf A 8.35 7.71 0.64
cabbage B 8.20 7.56 0.64
C 8.20 7.73 0.47
D 7.92 7.84 0.08
Spinach A 7.48 7.20 0.28
B 7.28 7.10 0.18
C 7.50 7.18 0.32
D 7.33 7.19 0.14
Cucumber A 5.95 5.90 0.05
B 5.57 5.18 0.39
C 5.23 4.87 0.36
D 5.08 4.50 0.58
E 5.08 4.41 0.67
F 4.92 4.57 0.35
G 4.57 4.50 0.07
Green A 4.68 4.16 0.52
pepper B 4.07 3.51 0.56
C 3.93 2.92 1.01
Shap bean A 5.93 5.74 0.19
B 5.98 5.95 0.02
C 6.65 6.56 0.09
D 7.04 7.00 0.04
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4-6
Table 4-6. Effect of acidic electrolyzed water and alkaline
electrolyzed water shake washing on the
reduction of total plate count of different

vegetables

Total plate count (Log CFU/qg)
Variety Washing Before After Log reduction

condition* washing washing

Chinjon AC-9 6.64 5.24 1.40%
AK-3 7.25 6.94 0.35¢
Leaf cabbage AC-9 7.90 6.76 1.13%
AK-3 7.01 6.55 0.46¢
Spinach AC-9 7.42 5.77 1.65%
AK-3 7.41 7.22 0.19¢
Cucumber AC-15 5.40 4.37 1.03"°
AK-5 5.77 5.30 0.48¢
Green pepper AC-15 6.18 5.21 0.98°
AK-5 6.17 5.64 0.54¢
Snap bean AC-15 6.85 4.39 1.732
AK-5 6.85 6.73 0.12¢
* Unit= min

ab. ¢ dpeansin column followed by different letters are significantly
different(p<0.05).



Breidt, 1997

pH
1999)
1989
15
CFU/g
434
4-11

pH

HOCI
( 1998 1998
9
1.5Log
1.0Log CFU/g
4-5 4-6

2002
ORP
4-7

4-6)
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4-7
Table 4-7. Effect of electrolyzed water double washed on the

reduction of total plate count of different

vegetables
Total plate count (Log CFU/qg)
Variety Washing Before After Log reduction*
min washing* washing*
Chinjon AC-9, AK-3 6.60 5.86 0.74°
Leaf cabbage AC-9, AK-3 8.14 6.51 1.62°%
Spinach AC-9, AK-3 7.42 5.79 1.63%
Cucumber AC-15, AK-5 5.37 4.15 1.22%
Green pepper  AC-15, AK-5 7.09 5.37 1.73%
Snap bean AC-15, AK-5 6.85 5.85 1.00%

*Unit= Log CFU/g
3P Means in column followed by different letters are significantly different
(p<0.05).



0.5 Log 0.7 Log

4.3.5
4-8 AC-333, AK-3
4-7 AC-9, AK-3
1.60 Log CFU/g
Fleming 1997
Log CFU/g

0.7- 2.5 Log CFU/g
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4-8

Table 4-8. Effect of continuous electrolyzed water shake
washing and ultrasonic washing on the reduction
of total plate count, yeast and mold

L og reduction of microrganism

Treatment min TPC* Coliform** Y east* Mol d*
Chinjon (7.99)* (5.04) (6.16)  (4.47)
H,0-3333! 0.09°¢ 0.56° - -

AC-333, AK-3 1.36"° 2.00%° 0.97%%  1.10%
AC-333, AK-3*** 2143 2.502 1.95°  1.18P¢d
Leaf cabbage (8.17) (6.04) (5.13) (4.17)
H,0-3333 0.21¢ 0.36°¢ - -

AC-333, AK-3 1.25° 1.652° 1.36°¢¢  0.37¢
AC-333, AK-3***  157°P 2.242 1.77*  0.63¢
Spinach (7.41) (5.32) (5.85) (5.29)
H,0-3333 0.16°¢ 0.38¢ - -

AC-333, AK-3 2.19% 1.69%° 1.96°  2.14%°c
AC-333, AK-3*** 2413 2.372 2.04>  2.29%c
Cucumber (5.99) (5.23) (1.50) (1.67)
H,0-33333° 0.36°¢ 0.14¢ - -

AC-33333, AK-5* 1.70° 1.85%° 0.24°  1.18bcd
AC-33333, AK-5*** 2413 2.512 0.54%  1.01%
Green pepper (5.90) (3.28) (2.72) (3.25)
H,0-33333 0.45¢ 0.25¢ - -

AC-33333, AK-5 1.34% 0.72° 0.91%¢ 1 24bcd
AC-33333, AK-5*** 2163 1.413 1.66" 1.01¢
Snap bean (6.94) (3.22) (5.30) (5.65)
H,0-33333 0.59¢ 0.21¢ - -

AC-33333, AK-5 2.26%° 1.243 3.208  2.43®
AC-33333, AK-5%** 20952 1.2430 3.202 2.743

*Unit= Log CFU/g, **Unit= Log MPN/g, ***Washing by ultrasonic

AOriginal count

L3 water washing, changed water 4 or 5 times for every 3 min.

2.4 AC washing, changed AC 3 or 5 times for every 3 min, then AK washing for 3
or 5 min.

ab.c.d e pneansin column followed by different letters are significantly different

(p<0.05).
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0.24 0.54 Log CFU/g
0.37 0.63 Log CFU/g

2.43 - 3.20 Log CFU/g 1-
2 Log CFU/g
4.4,
4.4.1
H* OH
1989 1984
pH NaOH
3.93 ppm 0.85 ppm
4-9 pH
8-16 2.01
- 3.15 8
93.60 16 99.64 NaOH
p<0.05 8



4-9
Table 4-9. Effect of acid, alkaline and electrolyzed water

washing on the methamidophos cleaning

Percentage of methamidophos cleaning

Reaction HCI NaOH AC AK
time (min) pH 2.86 pH11.24
8 2.69° 69.12° 93.60° 93.23°
10 2.40° 98.73" 98.56°  98.02°
12 3.15° 99.26®  99.39%  99.25°
14 2.80° 99.65°  99.54° 99.48
16 2.01° 99.73°  99.64*° 99.52°

ab. ¢ Meansin column followed by different letters are significantly different

(p<0.05).



NaOH pH 11.24 24

16 NaOH
99.50
4-10 HCI pH
2.68 NaOH
8 38.17
34.96 16
50.17 44.63 1984
8 96.01 16
99.94
0.5
ppm 1.0 ppm
HCI
pH
1998
0.3
80

6.42 ppm 1.54



4-10
Table 4-9. Effect of acid, alkaline and electrolyzed water

washing on the dimethoate cleaning

Percentage of dimethoate cleaning

Reaction HCI NaOH AC AK
time (min) pH 2.86 pH11.24
8 0.75% 38.17°  96.01° 34.96
10 5.54° 35.20° 99.21°  40.23°
12 6.34° 38.61°  99.75°  44.06°
14 4.38 42.79%°  99.87*°  43.41°
16 5.01° 50.17*°  99.94*  44.63°

ab. ¢ Meansin column followed by different letters are significantly different
(p<0.05).
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Figure 4-12. Effect of acid, alkaline and electrolyzed water
washing of cleaning on the high concentration

pesticides.
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Table 4-11. Effect of electrolyzed water washed on the

methamidophos cleaning in leaf vegetables

Percentage of methamidophos cleaning

Treatment Spinach Chinjon L eaf
cabbage
H,0-3333" 5.94° 17.96" 11.87°
AK-3333 17.19° 10.68° 33.77°
AC-333, AK-3® 67.54° 40.44° 79.29°
AC-333, AK-3* 53.32° 42.20° 75.96°

* Washing by ultrasonic
! Water washing, changed water 4 times for every 3 min.
2. AK washing, changed water 4 times for every 3 min.

3, AC washing, changed AC 3 times for every 3 min, then AK washing for 3 min.
ab.cd pmeans in column followed by different letters are significantly different

(p<0.05)
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Table 4-12. Effect of electrolyzed water washed on the

dimethoate cleaning in leaf vegetables

Percentage of dimethoate cleaning

Treatment Spinach Chinjon L eaf
cabbage
H,0-3333" 9.32° 6.95° 28.54°
AK-333%° 25.89° 18.01° 31.55°
AC-333, AK-3’ 67.54° 58.37° 89.25°
AC-333, AK-3*  77.62° 63.99° 88.62°

* Washing by ultrasonic
! Water washing, changed water 4 times for every 3 min.
2 AK washing, changed water 4 times for every 3 min.

3, AC washing, changed AC 3 times for every 3 min, then AK washing for 3 min.
ab. ¢ Meansin column followed by different letters are significantly different

(p<0.05).
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4-13

Table 4-13. Effect of electrolyzed water washed on the

methamidophos cleaning in fruit vegetables

Percentage of methamidophos cleaning

Green
Treatment Snap bean Cucumber pepper
H,0-33333, 5° 8.99° 4.99° 9.25°
AK-5555° 6.68° 5.93° 17.02°
AC-33333, AK-5° 38.23? 25.36% 29.252
AC-555, AK-5**  14.10° 12.56" 19.89°
AC-33333, AK-5* 27.67® 24.97° 20.05%

* Washing by ultrasonic

! Water washing, changed water 5 times for every 3 min, then water washing for
5 min.

2 AK washing, changed water 4 times for every 5 min.

3, AC washing, changed AC 5 times for every 3 min, then AK washing for 5 min.
4 AC washing, changed AC 3 times for every 5 min, then AK washing for 5 min.
ab. ¢ Meansin column followed by different letters are significantly different

(p<0.05).
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Table 4-14. Effect of electrolyzed water washed on the

dimethoate cleaning in fruit vegetables

Percentage of dimethoate cleaning

Green
Treatment Snap bean Cucumber pepper
H,0-33333, 5 15.99° 2.73° 19.70°
AK-5555° 14.78° 9.20° 28.74°
AC-33333, AK-5°  34.69° 40.34° 38.47°
AC-555, AK-5**  31.75%® 23.12° 28.55"
AC-33333, AK-5* 28.77% 28.30° 33.69°

* Washing by ultrasonic
1.2:3.4 washing method followed the description in Table 4-13.
ab.c.d Mmeans in column followed by different letters are significantly different

(p<0.05).

74



4-15

Table 4-15. Effect of electrolyzed water washed on the
cleaning of pesticide in water plowing Chinjon
and Leaf cabbage

Percentage of pesticide cleaning

Treatment Chinjon Leaf cabbage
A B A B

H,0-9 5.34° 311"  6.00° 15.32°

AK-3333" 1.99° 298  9.70° 11.55°

AC-333, AK-3? 37.25° 50.26° 39.62% 62.34°
AC-333, AK-3* 17.96° 39.18% 26.20® 52.56%

* Washing by ultrasonic

A methamidophos, B dimethoate

1.2 Washing method followed the description in Table 4-13.

ab.c Meansin column followed by different letters are significantly different

(p<0.05).
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Figure 4-13. Effect of electrolyzed water, saline and sodium
hypochlorite solution washing on the pesticide

cleaning of Leaf cabbage.
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Figure 4-14. Effect of electrolyzed water, saline and sodium
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4-16

vitamin C in the |leaf vegetables

C
Table 4-16. Effect of electrolyzed water washed on the total

Total vitamin C mg/100g

L eaf
Treatment Spinach Chinjon cabbage
Control 7.72° 40.70% 18.12%
H,0-9 7.322 40.36% 14.61%°
AK-3 8.11°2 40.39% 13.80%
AC-333! 7.79° 40.18% 11.13°
AC-333, AK-3?> 7.34° 39.79% 10.75°
AC-333, AK-3* 7.59° 40.35% 10.59°

* Washing by ultrasonic

1.2 Washing method followed the description in Table 4-13.

ab. Means in column followed by different letters are significantly different

(p<0.05).



4-17 C
Table 4-17. Effect of electrolyzed water washed on the total

vitamin C in the fruit vegetables

Total vitamin C mg/100g

Treatment Snap bean Cucumber Green pepper
Control 6.79° 12.932 81.53%
H,0O-15 6.78° 12.62° 80.73%
AK-5 6.71° 12.72° 79.99°
AC-33333' 4.69° 12.56° 80.24°
AC-33333, AK-5° 6.31° 13.25°% 79.72°
AC-33333, AK-5* 4.65° 13.22° 80.08°

* Washing by ultrasonic
1.2 Washing method followed the description in Table 4-13.
ab. Means in column followed by different letters are significantly different

(p<0.05).
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4-18
Table 4-18. Effect of electrolyzed water washed on the total
chlorophyll in the leaf vegetables

Total chlorophyll mg/100g

L eaf
Treatment Spinach Chinjon cabbage
Control 25.05° 18.007 5.33°
H,0-9 25.142 17.32° 5.34%
AK-3 24.61% 17.02% 5.09°
AC-333! 23.51° 14.23° 4.14°
AC-333, AK-3? 24.14 14.08° 4.71%
AC-333, AK-3* 23.70° 15.54°¢ 4.90°

* Washing by ultrasonic
1.2 Washing method followed the description in Table 4-13.

ab. ¢ Meansin column followed by different letters are significantly different

(p<0.05).
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mg/100g 5.15 mg/100g

4.5.3
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2.10
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DPPH = -247.79 + 11.77 chlorophyll + 5.32 vitamin

C, p<0.05, r = 0.778
4-18
38

AC-333
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DPPH = -244.88 + 5.14 chlorophyll + 5.03 vitamin C,

p<0.05, r =0.730
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4-19
Table 4-19. Effect of electrolyzed water washed on the total
chlorophyll in the fruit vegetables

Total chlorophyll mg/100g

Treatment Snap bean Cucumber Green pepper
Control 2.25° 5.20° 3.08°
H,O-15 2.15° 5.12° 3.08°
AK-5 2.08° 5.08° 3.05°
AC-33333" 2.11° 5.07° 3.06°
AC-33333, AK-5°  2.17° 5.18° 3.08°
AC-33333, AK-5*  2.14° 5.19° 3.09°

* Washing by ultrasonic

1.2 Washing method followed the description in Table 4-13.

& Means in column followed by different letters are significantly different
(p<0.05).



4-20
Table 4-20. Effect of electrolyzed water washed on the
a ,o -diphenyl-p -picrylhydrazyl DPPH

cleaning in the leaf vegetables

Percent of DPPH cleaning

L eaf
Treatment Spinach Chinjon cabbage
control 91.85° 62.47° 52.13°
H,0-9 85.28% 46.70% 53.59°
AK-3 85.57% 39.02 44.88%
AC-333! 71.78% 24.68° 18.68°
AC-333, AK-3? 68.13° 37.80 35.65"
AC-333, AK-3* 74.16% 36.34°° 42.82°

* Washing by ultrasonic

1.2 Washing method followed the description in Table 4-13.

ab. ¢ Meansin column followed by different letters are significantly different
(p<0.05).



AC-333
18.68 p<0.05
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17.19 19.55 AC-33333, AK-5

15.04 C

4-17
DPPH = 5.04 + -2.50 chlorophyll + 3.44 vitamin C,
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4-21

Table 4-21. Effect of electrolyzed water washed on the

a ,a -diphenyl-B -picrylhydrazyl

cleaning in the fruit vegetables

DPPH

Percent of DPPH cleaning

Green pepper**

Treatment Snap bean Cucumber
Control 23.67°% 12.00?
H,0-15 23.37° 12.27°
AK-5 23.23° 12.17°
AC-33333! 17.19" 12.32°
AC-33333, AK-5° 19.55% 12.212
AC-33333, AK-5* 15.04° 12.05°

64.51°
64.56°
63.70°
64.01°
66.41°
65.00°

* Washing by ultrasonic
** 50% dilution

1.2 Washing method followed the description in Table 4-13.

3P Means in column followed by different letters are significantly different

(p<0.05).



4-22
Table 4-22. Effect of electrolyzed water on the sensory
guality of Chinjon

Judge factor A* B C D E F
Degree of damage
Many (1) - few(6)** 4.49° 4.73% 458 2.76° 1.44° 2.82°

Over all color

Twany (1) dark 2.67° 3.67% 3.64° 1.82° 1.53° 1.40°
green(6)
Foxiness 4.69° 4.82% 4.73% 2.18" 2.02° 2.56°

Many(1) - few(6)

Degree of soften  3.02° 2.71° 3.89° 2.89° 1.13° 1.42°
Soften(1) - elasticity(6)

Overall
acceptance* * 457° 427" 511° 3.09° 1.33° 2.73°
Very unacceptable (1)

*A H,0-9, B AK-3,C AK-3333,D AC-9, AK-3,E AC-333,AK-3,F AC-333,
AK-3(ultrasonic), washing method followed the description in Table 4-13.
** Ranking score
ab.¢ Meansin column followed by different letters are significantly different
(p<0.05).
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4-23

Table 4-23. Effect of electrolyzed water on the appearance

quality of Chinjon

Judge factor A* B C D E F
Degree of

damage %

0% — 50% 7.33° 6.00° 7.33° 13.78° 21.44% 13.89°
Yellowish %

0% — 50% 578" 5.44° 433" 11.33% 11.78* 11.67°
Foxiness %

0% — 50% 5.80° 4.78° 5.44° 13.89% 15.22% 12.00°

Degree of soften
%
0% — 50%

Overall
acceptance**

7.20°

6.91°

10.00°° 13.89° 8.33°

7.44°

10.78" 21.33% 18.89°

5.62° 4.31° 558°

*A H,0-9, B AK-3,C AK-3333,D AC-9, AK-3,E AC-333,AK-3,F AC-333,
AK-3(ultrasonic) , washing method followed the description in Table 4-13.
**9-points scale,1-very unacceptable, 5-barely acceptable, 9-very acceptable
ab.¢ Meansin column followed by different letters are significantly different

(p<0.05).
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4-24
Table 4-24. Effect of electrolyzed water on the sensory

quality of cucumber

Judge factor A* B C D E F
Degree of damage
Many(1)— few(e)*  3.41° 4.38%" 4.69* 3.86" 2.26" 2.43°

Wrinkle
withered
Many (1) few(6) 3.07° 4.12% 4.62° 4.71% 2.43° 2.05°

Foxiness
Many(1) - few(6) 3.02° 4.29* 4.62*® 3.10° 2.88° 3.10°

Brown hollow
Many(1) - few(6) 3.14% 4.05° 4.79° 3.79° 2.76° 2.48¢

Overadl
acceptance**
Very unacceptable (1) 3.31° 4.43% 4.78% 3.93" 2.26Y 2.52¢

— Vvery acceptable ( 6)

*A H,0-15,B AK-5,C AK-5555, D AC-15,AK-5,E AC-33333, AK-5F
A C-33333, AK-5(ultrasonic) , washing method followed the description in Table
4-13.

** Ranking score

ab.c.dMeansin column followed by different letters are significantly different

(p<0.05).
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Table 4-25. Effect of electrolyzed water on the appearance

quality of cucumber

Judge factor A* B C D E F
Degree of damage

%
0% — 20% 3.24% 2.24% 2.29° 3.00®0 4.05* 3.71°
Wrinkle

withered %
0% - 20% 6.71> 4.76° 3.66° 3.71° 7.71% 8.42°
Foxiness %
0% - 20% 5.00® 3.62° 3.62° 5.24%® 5712 4.67®
Brown hollow %
0% - 10% 5.20% 4,14 3.33° 4.14" 543® 6.14°
Overall
acceptance* * 5.55° 6.50® 6.74% 6.02°° 4.69° 4.98%

* H,0-15, B AK-5, C AK-5555,D AC-15 AK-5, E AC-33333, AK-5, F
A C-33333, AK-5(ultrasonic) , washing method followed the description in Table

4-13.

**9-points scale, 1-very unacceptable, 5-barely acceptable, 9-very acceptable
ab.c.depeansin column followed by different letters are significantly different

(p<0.05).
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