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The disinfectant effect of washing vegetables with slightly acidic electrolyzed water
(SIAEW) was lower on alliums than that on lettuce, but the bacterial counts inside the onions
were low. Bacterial counts inside carrots, Japanese radish, tuber crops, and fruity vegetables
were also low. Therefore vegetables with low bacterial counts can be obtained by thoroughly
washing the surfaces with SIAEW, then peeling the vegetable, The disinfectant effect of rub-
bing cucumbers in the SIAEW was large. This was due to the fact that many kinds of biofilm
and stoma exist on the surface of the cucumber. Analysis on all vegetables revealed that bacte-
rial counts were low when a washing method was chosen that took into account the distribu-
tion on the bacteria on that vegetable. (Accepted 9 May 2005)

Key words : Slightl& acidic electrolyzed water (3HER¥:EMRK) /Disinfection (3E)/Onion
(9% % %) /Carrot (=¥ ¥ ¥)/Cacumber (¥ 2 ¥ V).
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Fig.l, The bacterial numbers in White Long Root
Allium,
SIAEW : slightly acidic electrolyzed water, SHCW ! so-
dium hypochlorite solution, av.Cl : available chlorine
concentration, (These abbreviations apply in all fig-
ures.) This test used 10 White Long Root Allium. The
Allium was cut about 3 cm down from green part and
9 ¢m up from root part. The samples were about 35em
long and they were cut in half. All flakes were removed
from the outside, then Allium were washed with run-
ning SIAEW for 10 minutes.
SIAEW : av.Cl 21.8ppm, pH 6.34, temp. 17.9°C.
To enumerate the microorganisms within samples, ster-
ile 0.859% NaCl solution (9 times) was put in a sterile
polyethylene bag with a filter and was pummeled with
a Stomacher for 1 min. at high speed. Fluid was serially
diluted, and 1 ml was mixed with approximately 15ml of
Standard Plate Count Agar (Eiken, Tokyo Japan). All
pour plates were duplicated and incubated at 95°C, lor
48h. and, if necessary, for an additional 24h, at 25°C.
Then colonies were counted. Log (<10 (0) stated 0 ex-
pediently in this report. (These microorganisms test
methods apply in all figures in this veport.)

The number of bacteria near the core of the allium was
amaller than the number of bacteria near the surface of
the allium.,




Pic.l. The stamp picture of White Long Root Allium
pieces

The upper 2 stamps were from the outside portion and
under 2 stamps were from the inside,

Bacteria were detected only from the cut side (white
arrow) of the outside portion and were datected from
the cut side and surface (black arrow) of the inner por-
tions.
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Fig.2. The effect of treatment time and repetitionn with
SIAEW for White Long Root Allium,

The green part of the allium was cut off and 1,.5—2.0cm
up from root part was cut. Samples were sliced at 45 de-
grees along the long side to a thickness about 7mm,
Both SIAEW of group A and B were av,Cl 20.9, pH 6.15.
A sample 1 ! non-treatment, 2 : treated 1 minute, 8 :
treated 3 minutes, 4 : treated 5minutes. 3 sample 1 :
non-treatment, 2 : treated 1 time for 1 minute, 3 :
treated 2 times for 1minute each, 4 | treated 3 times
for 1 minute each.

The effect of diginfection on the allium was not so good
even if it had been treated from 1 to 5 minutes, or
from 1 time to 3 times for 1 minute each,

o

E-

n

viable counts (log CFU/g)
o

—

0

1 2 3
Tig.3. The effect of treatment with SIAEW on White
Long Root Allium
The sample preparation was the same as in figure 2.,
Sample 1 : non-treatment, 2 : treated with running

tap water for 10 minutes, 3 ' treated with running
SIAEW for 10 minutes, 4 . soaked in SHCW for 10 min-
utes. The samples treated with SHCW were rinsed with
running tap water for 5 minutes. (This treatment ap-
plies to all figures and tables.)

Results are means £8D, n= § without the maximum
and minimum data. Values with different letters in the
figure differ significantly at P<0.05. (These expres-
sions of results and statistics apply in all figures in this
report without being especially stated.)

The number of bacteria on White Long Root Allium de-
creased only by one log CFU/g.
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Fig.4. The distribution of bacteria in onions,

The brown skin was peeled off, then about lem was cut
off each end of the unions.

The sample numbers from 1to 4 were from dilferent
lots.

Nearly no bacteria were detected inside the onions.

[
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viable counts (log CFU/g)
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Fig.5. The effect of treatment with SIAEW on cut on-
ions,

The brown skin was peeled off, then onions were cut

into about | em squares,

Then 200g of cut onions were put into a washing net.

The samples were treated with the tested solution for 10

minutes,

Both samples 1 : non-treatment, 2 : treated with run-

ning tap water, 3 : treated with running SIAEW, 4 !

soaked in SHCW.

The disinfectant effects were small.
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Fig.6. The effoct of disinfection with the tested solution
on leeks. :

A: cut leek, B: whole leek. A sample number 1  non-

treatment, 2 © treated with tap water for 10 minutes,

3 : treated with SIAEW at 16°C for 10 minutes, 4 *

treated with SIAEW at 38°C for 10 minutes, 5 @ treated

with SHCW at 16°C for 10 minutes, B sample number

1 ! non-treatment, 2 : treated with tap water for 10

minutes, 3 : treated with SIAEW at 17°C for 10 min-

utes, 4 © treated with SIAEW at 36°C for 10 minutes,

§ : treated with SHCW at 17°C for 10 minutes.

A group SIAEW: av.Cl 7.5ppm, pH 5.94, SHCW: av.Cl

200pm, pH8.8

B group SIAEW: av.Cl 7.0ppm, pH 6.03, SHCW: 202ppm,

pH8.83

The disinfectant efficiency of SIAEW and SHCW was
not so good for leeks.

The flavor of the lecks treated with SHCW changed to
like that of White Long Root Allium.
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Fig.7. The effect of disinfection treatment with the
tested solution on carrots.
A sample number | : non-treatment of the skin part,
2 : skin part treated with tap water using a vegetable
washer, 3 ! skin part treated with SIAEW using a
vegetable washer, 4 ! skin part treated with SHCW
using a vegetable washer, § : part used for food with-
out the skin treated with SIAEW using vegetable
washer, B sample number |  non-treatment of the
skin part, 2 : skin part rubbed with nonwoven fabric in
running SIAEW, 3 ! part used for food without the
skin, rubbed with nonwoven fabric in running SIAEW,

The bacteria in the inside of carrots were very few in
comparison with the number found on the skin.

TSR0,

2. IREFEHFHOMBRMERKIC L ZBED

Ric20T
2.1, zvoy
2.1. 1. RENBROAE

MERERE Fig.T KR Ulz, REOBRER
TUIRIEERAR/K & IR E K oI 21378 <, JRiEZkiL
HEOBRERIIRE N o 1o RERVIATEL
OEEIIIER DI o 12 (Fig.T-AB)o B w b
A TERLUIPERRED S L1 (Fig.
T-B3)o LoT=v P rigt+aik-ThoErEE
Tk, BHODEVERED =Y v s
shi,
2.2. kiR
2,2.1. BREDBROAE

= v Py LR UM TRERZIREL L CIRER5
ZHE LFERE Fig 8 10 Uiy RERITGTRMEE
[T EEWE 5 & & o & D 3B D85
% & THRD Uiz, WERMEBMKIIRE, RAERL
e R BRI I AT WIS B ORI 4 & $0.005
%TC, B HAIEFIDE 2 s ABS L

BiEEhE

viable counts (log CFU/g)

Fig.8. The effect of disinlection treatment with SIAEW
on Japanese Radish,

SIAEW: av.Cl 21.4ppm, pH6.34, at 16.7°C. Sample 1 :
non-treatment of the skin part, 2 : skin part rubbed
with nonwoven fabric in running SIAEW, 3 ! top por-
tion of the part used for food without the skin in sample
number £, 4 : bottom portion of the part used for food
without the skin in sample number 2.

The bacteria in the inside of the Japanese Radish were
very few in comparison with the number found on the
skin,
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Fig.9. The effect of disinfection treatment with the
tested solution on burdock.

A sample was sliced burdock which hed been washed

with tap water and its skin removed.

B sample was the whole burdock.

A sample 1 : non-treatment, 2 @ treated with running

tap water for 10 minutes, 3 ! treated with running

SIAEW for 10 minutes, 4 : treated with SHCW for 10

minutes. Bsample 1 @ non-treatment of skin parts, 2 :

skin parts treated with running SIAEW for 10 minutes,

3 ¢ part used for food without the skin treated with

running SIAEW for 10 minutes,

A group SIAEW : av.Cl 26.8ppm, pIl 6.09, at 21.5°C,

SHCW : av.Cl 199pm, pH 8.79, at 24.1°C. B agroup

SIAEW ! av.Cl 20.8ppm, pH 6.49, at 17.8C.

The disinfectant efficiency of SIAEW and SHCW was
not so good for sliced burdock, When burdock was sliced
after being washed with SIAEW and its skin peeled, a
good result was obtained.
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Fig.10. The effect of disinfection treatment with the
tested solution on potato.

A sample : unwashed whole potato. B : skin of samples
was peeled off before being washed then rolled in the
plastic basket in order to equalize (n=5). A sample 1 !
non-treatment of skin parts, 2 : skin parts washed
with a clean brush in running tap water for 10 minutes,
9 ! gkin parts washed with a clean brush in running
SIAEW for 10 minutes, 4 : part used for food without
the skin form the A sample 3. B sample 1  non-treat-
ment, 2 : showered with tap water for 30 seconds on
the metal spines, 3 : showered with SIAEW for 30 sec-
onds on the metal spines.

A group SIAEW : av.Cl 20.0ppm, pH 6.30, at 18.0°C. B
group SIAEW ! av.Cl 30.0ppm, pH 6.0 at 18.0°C. Results
of B are means =SD, n= 5 . Sample B mimicked indus-
trial washing.

When potatoes were peeled after being washed with
SIAEW, good results were obtained.
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Fig.11. The effect of disinfection treatment with SIAEW
on sweef potato,

Both A and B were washed with a clean brush in run-
ning SIAEW,

A sample 1 ! skin part, 2 : upper portion of the part
used for food without the skin, 3 : middle of the edible
portion without the skin, 4 bottom portion of the part
used for food without the skin, B sample 1 : skin part,
2 & both ends, thickness ahout 2cm. 3 : center of the
edible part without the skin.

When sweet potato was peeled and hoth sides cut off
after washing with SIAEW, good results were obtained,
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Fig.12, The effect of disinfection treatment with SIAEW
for taro and yam.

Taro and yam were washed with a clean brush in run-
ning SIAEW,

Taro sample 1 : skin part, 2 : part used for food with-
out the skin, Yam sample 1 ! skin part, 2 : top part of
the part used for food without the skin, 3 : middle of
the edible part without skin, 4 bottom part of the part
used for food without the skin.,

When tarc and yam were peeled after being washed
with SIAEW, good results were obtained,
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Tig.13. The effect of disinfection treatment with SIAEW
on cucumbers,
For a total of 10 minutes, sample A was strongly
rubbed on the outside one time with nonwoven fabric
and soaked in the tested solution.
For a total of 10 minutes, sample B was rubbed in both
vertical and horizontal directions two times with
nonwaven fabric and soaked in the running SIAEW.
A sample 1 ! non-treatment of skin parts, 2 : the skin
parts treated with running tap water, 3 : the skin
parts treated with running SIAEW (av.Cl 10ppm), 4 :
the skin parts treated with running SIAEW (av.Cl
30ppm), 5 : the skin parts treated with SHCW (av.Cl
200ppm), B sample 1 ! non-treatment of skin parts,
2 ! the skin parts treated with SIAEW, 3 ! the part
used for food without the skin of sample number 2.
A group SIAEW : av.Cl 10.6ppm, pH 6.07, at 20.8°C, and
av.Cl 30.2ppm, pH 5.95, at 20.2°C, SHCW : av.Cl
201ppm, pH 8.85, at 21.7°C. B group SIAEW : av.Cl
24.8ppm, pH 6.48, at 19.0°C,

The bacteria of the cucumber skin remained at about
1% of non-treatment counts. But bacteria counts in
the inner portions were small.
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Fig.14. The effect of detergent, ultrasonic, and rubbing
treatments for cucumbers,
Sample A group was treated with ultrasonic treatment
for 5 minutes in detergent solution (0.76ml/L, Family
Compact, Kao, Takyo) at 30°C and after that they were
treated with SLAEW, The skin was subjected to micro-
organisms Lests.
Sample B group were used skin parts for microorgan-
isms tests.
A sample 1 ! received ultrasonic treatment in detergent
solution, and after that treated with running tap water
for & minutes (blank C), 2 ! blank C was soaked in the
running SIAEW for 10 minutes, 3 @ for a total of 10
minutes, blank C was rubbed strongly in both vertical
and horizontal directions two times with nonwoven fab-
ric and soaked in the running SIAEW, 4 : part used for
food without the skin of number 3.
Bsample 1 : non-treatment, 2 : stirred for 10 minutes
strongly with a hand set globe in running SIAEW
(Tppm), 3 : rubbed for 10 minute with nonwoven fab-
ric in running SIAEW (7ppm), 4 : stirred for 10 min-
utes strongly with a hand set globe in running SIAEW
(av.Cl 80ppm), 5 : rubbed for 10 minutes with
nonwoven fabric in running SIAEW (30ppm) . A group
SIAEW : av.Cl 21.0ppm, pH6.35, at 17.8°C. B group
SIAEW : av.Cl 7.0ppm, pH 6.48, at 18°C and av.Cl
29.5ppm, pH6.22, at 18°C.

The detergent did not have the effect of disinfecting the
cucumbers. The disinfection effect of rubbing was large
and the available chlorine concentration had almost no
effect,
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Fig.15, The distribution of bacteria in tomatoes.

1 ! non-treatment of the top part with the stem of the
tomato, thickness was about 5 — Tmm, 2 ® non-treat-
ment of the part used for food without the top part
(sample number 1), 3 : rubbed twice on the surface
with nonwoven fabric and soaked in running SIAEW for
a total 10 of minutes,

There was very large number of bacteria on the top part
with stem, but small number on the washed part used
for food.
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Fig.16. The effect of detergent, ultrasonic, and rubbing
treatments on tomatoes.

Sample A was a sulliciently ripened tomato. Sample B

was slightly unripened tomato. Both samples A and B

were whole tomatoes without stems and they received

ultrasonic treatment for 10 minutes in detergent. solu-

tion (0.76ml/L, Family Compact, Kao, Tokyo) at 30°C,

There was a very small count of bhacteria in the inside of
tomato which had not been damaged. But there was a
count over 1milion CFU/g in sample A number 3, and
its microorganisms were similar to those ol sample A
number 1.
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Fig.17. The effect of disin fection treatment with SIAEW

on strawberries.
gample A consisted ol strawberries with stems, and
sample B consisted of strawberries with their stems re-
moved. Both samples 1 : non-treatment, 2 : treated
with running tap water for 10 minutes, 3  treated
with running SIAEW (15°C) for 10 minutes, 4 © treated
with running SIAEW (35°C) for 10 minutes, § : treated
with running SIAEW (17°C) for 10 minutes using a
vegelable washer, 6 @ treated with SHCW (22.4°C) for
10 minutes. Both samples of SIAEW : av.Cl 7.0ppm, pH
5,18, at 17°C and av.Cl 7.0ppm, pH4.93, at 35.3°C, SHCW
: 920ppm, pH8.82, at 22.4°C.

The effect of disinfection was very high on strawberries
with stems removed.
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T'ig.18. The effect of disinfection treatment with SIAEW
on eggplants.

Stems were removed {rom samples.

Sample number 1 ! non-treatment, : gkin part

washed with running SIAEW, 3 © part used for food

without the skin of sample number 2.

2

&

The bacteria decreased 2 logs CFU/g by washing the
epgplant, but if the skin is removed after washing, the
bacteria decreased 4.5 logs CFU/g.
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