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The Disinfectant Effect of Slightly Acidic Electrolyzed Water Prepared
with Hydrochloriec Acid as a Raw Material for Lettuce
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Lettuce leaves were washed with slightly acidie electrolyzed water (SIAEW) and the disinfec-
tant effects were measured. Even when the concentration of chlorine was changed and the tem-
perature was raised to 50°C and detergent was used together with the treatment, about 1% of
bacteria remained. Viable counts on the lettuce surface treated with SIAEW were low. Several
reasons were given for the bacterial presence related, for example, to biofilms, cracks in the cu-
ticles, and stomas. In addition, the fact was demonstrated that bacteria existed in the lettuce
ducts. (Accepted 9 June 2005)

Key words : Slightly acidic electrolyzed water (% % 1 58 #iR 7K ) /Disinfection (& E)/
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Fig.1. Flow diagram of Purester water unit Mp-1200
SIAEW : slightly acidic electrolyzed water
“Purester” unit produces SIAEW by electrolyzing
HCI in a non-gseptum electrolytic cell,
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Fig.2. The effect of treatment time with the tested solu-
tion.
SIAEW : slightly acidic electrolyzed water, SHCW : so-
dium hypochlorite solution, av.Cl : available chlorine
concentration, blank ; the core of the lettuce was picked
out with clean knife, and tap water poured into its hole,
Then lettuce leaves separated. (Thess abbreviations
apply in all figures,)
Both tests involved treatment with a vegetable washer.
SIAEW was with av.Cl 7.0-7.5, pH 5.91-5.93, at 15.2-16
°C. SHCW was with av.Cl 205-222ppm, pH 8.60-8.77, at
16.8-19,3°C,
To enumerate the microorganisms, samples were com-
bined with 9 times of sterile 0.85% NaCl solution in a
sterile polyethylene bag with a filter and pummeled
with a Stomacher for 1min. at high speed, Fluid was se-
rially diluted, and 1ml was mixed with approximately
15 ml of Standard Plate Count Agar (Eiken, Tokyo
Japan),
All pour plates were duplicated and incubated at 35°C,
for 48h, and if necessary at 25°C for 24h more, and then
colonies were counted. (These test methods apply to all
figures.)
Results are means £SD, n=8 without the maximum and
minimum data. Values with different letters {a,b,c, or
a',b',¢) in the figure differ significantly at P < 0.05.
(These expression of results and statistics apply to all
figures in this report without being especially stated.)

Both sclutions showed 5 minutes of treatment to be in-
sufficient, and 10 minutes were needed.
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Fig.3. The effect of the available chlorine concentration
of SIAEW and SHCW,

SHCW sample NO.1: blank, NO.2: av.Cl 5lppm, NOQ.3:
av.Cl 102ppm, NO.4: av.Cl 208ppm, (pH 8.37-8.76).
SIAEW-1sample NO.1: blank, NO.2: av.Cl 3.5ppm, NO.3:
av.Cl 7.0ppm, NO.4: av.Cl 1lppm, NO.5: av.Cl 15ppm,
(pH 5.44-5.76), SIAEW-2 sumple NO.I: blank, NO.2
av.Cl 10ppm, NOQ.3: av.Cl 20ppm, NO.4: av.Cl 30ppm.
(pH 6.0-6.07). These tests were treated with a vegetable
washer for 10 minutes,

The available chlorine of SIAEW was needed over 7 ppm
to treat for leltuce, and there was not a change in effect
from 50 to 200ppm in SHCW case.
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Fig.4. The effect of treatment temperature of SIAEW,
These tests were done with SIAEW (av.Cl 7-8ppm, pH
5.61-6.2) treatment for 10 minutes with a vegetable
washer.

The viable counts from the lettuce remained about 1.7%
even if treated at 50°C.
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I'ig.5. The effect of repetitive operations of SIAEW.
SIAEW was av.Cl: 26.4ppm, pH 6,35, at 18°C, Each por-
tion ol samples were treated with running SIAEW for
10 minutes.

The disinfectant effect did not change by frequency of
repititions.
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Fig.6. The equality test of SIAEW and SHCW,
Treatment with SIAEW was av.Cl 7.5ppm at 16°C for 10
minutes with a vegetable washer.

Treatment with SHCW was av.Cl 207 ppm at 16°C for 10
minutes with soaking and occasional mixing.

SIAEW (av.Cl 7.5ppm) washer treatment and SHCW
(207ppm) soaking treatment were equal.
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Fig.7. The effect of preparatory wash by tap water.
pre-wash : preparatory wash

Preparatory wash was the same as the blank (show
Fig.2). SIAEW was at av.Cl 9ppm, pH 5.44, at 18°C and
blank was treated with running SIAEW for 10 minutes.
SHCW was at av.Cl 200ppm, pH 8.75, at 18°C, and the
blank was soaked with SHCW for 10 minutes. SIAEW
and SHCW tests used a vegetable washer.

The disinfectant effect of preparatory wash of the let-
tuce was a decrease of about 65% viable counts.
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Fig.8. The effect of detergent treatment.
“temperature” : the effect of treatment temperature of
detergent, “treatment time”:the effect of treatment
time with detergent. The detergent (Family compact,
Kao, Tokyo) concentration was 0.75ml/L .
Temperature sample NO.l: non-treatment, NO.2:
SIAEW, NO.3: detergent (20°C) +SIAEW, NO. 4: deter-
gent (40°C) +SIAEW, SIAEW was av.Cl 21ppm, pH6.03,
temp. 18.2°C.

Temperature samples NO, (8 and 4) were treated with
detergent for 10 minutes then treated with SIAEW for
10 minutes.

Treated time sample NO. 1: non-treatment, NO. 2:
SIAEW, NO, 3: detergent (2) +SIAEW, NO, 4: deter-
gent (40 +SIAEW, NOQ. 5: detergent (8)--SIAEW,
SIAEW was 20ppm, pH 8,21, at 18°C. Treated time sam-
ples NO. (3, 4 and 5) wevre treated with detergent at 18
°C then treated with SIAEW for 10 minutes.

The disinfectant effect did not change by the detergent

treatment.
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fig.9. The bacterial number of lettuce leaf.

The each leaf was combined with 9 Limes volume of ster-
ile physiological suline solution in a sterile polyethylene
bag with a filter. Then it was pummeled with a
Stomacher [or Ilminute at high speed.

The bacterial number decrensed as the leaf veached the
center of the lettuce.
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Fig.10, The distribution of bacteria in lettuce
“non-treatment”: the whole leaf, "leaf": the leaf without
the petiole treated with running SIAEW lor 10 minutes,
“petiole”: the petivle scrubbud with u sanilary sponge
on its surface in running SIAEW for 10 minutes, “core’
. the core scrubbed with sanitary sponge on its surface
in running SIAEW for 10 minutes.

The lettuce leal without the petiole had the same counts
as the petiole, but the core had higher counts,
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Pic.l, Stamp test of lettuce leaf surface

1 & 2: inside surface of the lettuce leaf before treatment
with SIAEW. :

9 & 4: outside surface of the lettuce leaf before treat-
ment with SIAEW,

5 & 6: inside surface of the lettuce leaf after treatment
with SIAEW,

7 & 8: outside surface of the lettuce leaf after treatment
with SIAEW.

Lettuce leaves were treated with SIAEW (av. Cl 3lppm,

pH 5.90, at 18.3°C) for 10 minutes.

Viable counts from the lettuce surface treated with
SIAEW were low,
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Fig.11. The distribution of diameter of lettuce leaf duct.
Lettuce leal ducts were measured by the pictures of
phase contrast microscope.
Mean was 22.2 z m, The diameters were large enough to
allow the passage of bacleria.
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