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The Bactericidal Mechanism of Slightly Acidic Electrolyzed
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When E. coli was mixed with Slightly Acidic Electrolyzed Water (SIAEW), the available
chlorine concentration (av.Cl) decreased linearly with time (eccentricity); 656% of the reduc-
tion of av.Cl occurred in the [irst 10 seconds and 75% of the reduction of av.Cl occurred in the
first 20 seconds. Most E, coli died in the first second. In the subsequent 10 seconds there was
no significant difference in the number of E. coli counts (p<0.05). Lipopolysaccharides were
stable against SIAEW. SIAEW inactivated almost all ATP-ase rapidly while it did not inacti-
vate ATP, After E.coli was treated with SIAEW for 1 minute, it was observed that the amount
of ATP released was about the same as that from a sample of E. coli treated with ATP extract
reagent. Signals of the spin adduct of DMPO-OH in SIAEW with an additional E. coli suspen-
sion and those from SIAEW alone were equal. 1t was considered that SIAEW killed £. coli by
the following mechanism. The SIAEW changes the porin-proteins and channels-proteins of the
outer and inner membrane, causing them to open and to remain open. The ATP is then imme-
diately ejected into the E. coli suspension by the inner pressure, Next, the HOCI enters into the
E. coli cell through the channel-holes as a result of the molecular concentration gradient. The
HOCI neutralizes the ATP-asge and other enzymes, causing complete destruction of the E. coli.
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Fig. 1. The reduction ol available chlorine in SIAEW
mixed with E. coli.
SIAEW : Slightly Acidic Eleclrolyzed Water, av. Cl :
available chlorine concentration. (These abbreviations
apply in all figures and tables.) SIAEW :av.Cl 32.5
ppm. pH 6.00, at 20°C. Av. Cl was measured by the
colorimetric method and the data were changed to ti-
tration method equivalents by expression (1) (Y=
0.8468X —0.5733-++~ (1) Y: titration method, and X:
colorimetric method). The relationship of av.Cl and
time was expressed by (2). y = —0.983t + 11.65----
(2), (R* = 0.966), v : av. Cl (ppm), t: Ln (minute).
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Fig. 2. The bactericidal effect of SIAEW on E. coli.
SIAEW : av.Cl 10.3-11.6ppm, pH 5.90-6.05, at 5°C. The
E. coli suspension was added to STAEW in glass beak-
ers with stirrer sticks. The figure shows average *
SD.

Table 1. The reduction of available chlorine in SIAEW
mixed with Lipopolysaccharides (LPS, endotoxins).

Av. Cl of SIAEW (ppm)

time (sec) A B
0 7.01 22.54
10 7.01 23.95
30 8.42 23.95
60 7.01 25,36

A : SIAEW was at av.Cl 10.7ppm, pH 5.85 and B :
SIAEW was at av.Cl 30.8ppm, pH 5.90. 0.1ml of the
endotoxins (Endotoxin standard E. coli UKT-8,
Wako, Japan, 1,000EU sclution) was added to 0.9ml
of SIAEW at 20 °C. Av.Cl was measured by colori-
metric method and the data were changed to titration
method equivalents by expression (1). The table
shows the average of § measurements.
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Table 2. The stability of ATP and ATP-ase in the pres-
ence of SIAEW.

ATE soln. SIAEW  5TS

ATP-ase water biolumi RLU

@ 10 100 10 10 - 100 3285
@ 10 100 10 10 - 100 1
@ 10 - 10 10 100 100 2454

volume unit : #1, ATP soln : ATP solution (o
M), SIAEW : av.Cl 30.5ppm, pH5.90, STS : sodium
thiosulfate (40 mM), ATP-ase : ATP-eliminatling en-
zyme in the kit, biolumi : luciferin-luciferase solution
in the kit, RLU : relative light units. The relationship
of ATP (M) and RLU was expressed by (3). y =
0.9881x—12.417:--+- @), (R* =0.999 , y : log ATP
(M), X : log RLU. This test used Lucifer HS kit
(Kikkoman, Japan).

MATP soln, SIAEW and ATP-ase were mixed well
and set to stand for 80 minutes at room temperature
(about 25°C) then STS was added, and everything
was mixed well. 100 ] of the mixture was mixed with
100 221 biolumi, then the emitted light was measured
with a Lumitester C-100 (Kikkoman, Japan). @ATP
soln, SIAEW, ATP-ase and STS were mixed well and
set to stand for 30 minutes at room temperature. The
emitted light was measured with a Lumitester C-100.
@ATP soln, water, ATP-ase and STS were mixed well
and 100 21 of the mixture was mixed with the same
volume of biolumi immediately, then the emitted light
was measured with a Lumitester C-100.
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Fig. 3. The amount of ATP in the E. coli suspension
treated with SIAEW.
A : hioluminescence reagent, B : ATP extractant rea-
gent. . coli suspensions {100 ¢ 1) were mixed with the
A (100 z1) or B+ A reagent (cach 100 1), then the
emitted light was measured with a Lumitester C-100
at room temperature.
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No.1l. The mixture contained the following agents in
a final volume of 0.4 ml : DMPO (1ml DMPO diluted
to 10 ml with H.0) 0.03 il and SIAEW (prepared
with reverse-osmosis-water as a raw material (RO
water), av.Cl 31.0ppm, pH 6.03) 0.37ml. Alter incuba-
tion in the open air at room temperature in & dark en-
vironment for 1 minute, electron spin resonance
(ESR) spectra were recorded with a JES-FR30 spec-
trometer (JEOL, Tokyo). The operation conditions
for the ESR spectrometer were as follows : microwave
power, 4 mW; modulation amplitude, 0.1 mT; time
constant, 0.03sec; scanning time, Imin.; and magnetic
field, =5 mT. Signal intensity of the spin adduct of
DMPO-OH was evalualed from the ratio peak height
of the first signal of the quartet to MnQO peak.

No.2. The mixture contained the following agents in
a final volume of 0.4 ml : DMPQO (1m] DMPO diluted
to 10m! with H,O) 0.03m! and E. coli suspension
(10* CFU/ml) 0.0lml, SIAEW (prepared with RO
water, av.Cl 30.0ppm, pH 5.99) 0.36ml. After incuba-
tion in open air at room temperature in a dark envi-
ronment for 1 minute, ESR was recorded. The ESR
conditions were the same as 1.

No.3. The mixture contained the following agents in
a final volume of 0.4 ml : DMPO (I1ml DMPO diluted
to 10ml with H.0Q) 0.03m! and FeSOQ, solution
(0.1mM) 0,03ml, SIAEW (prepared with RO water,
av.Cl 30.0ppm, pH 5.99) 0.34ml. After incubation in
the open air at room temperature in a dark environ-
ment for 25 minutes, ESR was recorded The ESR con-
ditions were the same as 1.
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