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The Effect of Available Chlorine Concentration on the Disinfecting Potential
of Acidic Electrolyzed Water for Shredded Vegetables
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* Graduate School of Agricultural Science, Hokkaido University, Kita-9 Nishi-9, Kita-Ku,
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The main factor contributing to the disinfecting potential of acidic electrolyzed water (AcEW) is
deduced to be the oxidizing power of available chlorine. In this study, we compared the reliability of
two different methods for measuring the available chlorine concentration (ACC). Several AcEW
solutions with different levels of ACC to which various reducing agents (ascorbic acid, ammonium
iron (II) sulfate, and iron (II) chloride) had been added were prepared. These ACC levels were
quantified by iodometry and the DPD (N, N-diethyl-p-phenylenediamine) method. In the case of
AcEW with iron (II) ions, iodometry did not show the correct ACC. On the other hand, the DPD
method correctly quantified ACC even in the case of AcEW with iron (II)ions. Thus, the DPD method
is an appropriate method for measuring ACC in AcEW.

Moreover, we investigated the effect of the available chlorine concentration (ACC) in AcEW on its
disinfecting potential. First, we examined the disinfectant effects of AcEW on shredded vegetables.
We found that there was no difference in the disinfectant effects between AcEW with high ACC (40
ppm) and low ACC (0.4 ppm). The similar effect was detected in AcEW with 0 ppm of ACC, a solution
that seemed to be the same as hydrochloric acid. Moreover, tap water with pH adjusted to 2.4 showed
the same disinfectant effect as that of AcEW. These results indicated that AcEW is a solution in
which available chlorine is activated in a low pH condition. Next, we examined the disinfectant
cffects of AcEW on a suspension obtained from shredded vegetables in vitro. The disinfecting
potential became weaker, but did not completely disappear, when ACC was reduced to 0 ppm. Thus,
AcEW with low ACC could be used to disinfect shredded vegetables, although the disinfecting
potential of AcEW would become weak.

When the effective concentration of Acc was examined, it was found that the AcEW with ACC of
less than 20 ppm did not have sufficient disinfectant potential. Moreover, it was found that high ORP
(above 1000 mV) does not contribute to disinfecting potential. Thus, the lower limit of ACC in AcEW
for AcEW to exert a sufficient disinfectant effect will be 20 ppm.
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with some reducing agents.

“: available chlorine concentration

(19 N - (VR R TE AR K O RN D AR
1200 50T , ' T , 1200
411100 41100
11000 41000
. 900 = & 19002
£ E & ) )
2 R A
4800 & O ) . /2
Q o X 800
o) < 20¢ - o
Sy i EK
y Y =700 15— [odometry '& 1700
10}- ~* DPD R
égi 1600 §&* {600
A, W
L Na .
oL Che s s e e 500 ol s | | _ 1500
0 40 80 120 160 0 20 40 60 80 100
Stirring time (min) Ascorbic acid
in acidic electrolyzed water (ppm)
50 T T y T — 1200 50T 7 71200
(C) (D}
41100 —©— ORP 11100
40+ . —— ORP 401 ~ e -B—
N 11000 . 1000
" N A -
— N B — e - ™ =+ Iodometry .
g 30 = 1900% E%] 4 ~a-DPD 1900 72
2 \ & =) N E
& a4+ lodometry & o &
2 20 %, &= DPD 18005 Zaop k. 800 5
" 1700 ' - 1700
Ak‘ ) b
101 ) 10- a
A 1600 e 7600
--""--. o . .
0 - 1 I L b e - 500 O 1 t I 4‘-. ‘r~500
0 10 20 30 40 50 0 20 40 60
Ammonium iron (I )sulfate Iron( Il )chloride
in acidic electrolyzed water {ppm) in acidic electrolyzed water (ppm)
Fig. 1 The accuracy of the methods for measuring ACC! values of acidic electrotyzed water added

(A) : Stirring with aeration under ultraviolet irradiation, (B) : addition of ascorbic acid,
(C) : addition of ammonium iron (II) sulfate, (D) : addition of iron (II) chloride
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Table 1 Physicochemical properties of tested solutions

pH ORP* (mV) ACC" (ppm)
AcEW* 2.4+0.1 11574 5 43.2+3.2
decAcEW 2.4+0.1 1054+13 0.4+0.2
pH adjusted tap water 2.41+0.1 1046+ 16 0.4+0.1
cf AcEW" 2.410.1 765+ 15 1]
11C1 2.4+0.1 678-+20 0
Mixture! 7EE0A 735120 Al e,
tap water 0102 53520 0.3£0.2

Values are mean 8D, n=10
*: pxidation reduction potential, " : available chlorine concentration

*: Acidic Electrolyzed Water, " : diluted chlorine Acidic Electrolyzed Water
*: chlorine free Acidic Electrolyzed Water

" AcEW+ AIEW(Alkaline Electrolvzed Water)
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2 Comparison of disinfectant effect of wvarious solutions containing available chlorine for
shredded lettuce. Each value is the means=S8D, n=10. Values with different letters differ
significantly at p<<0.05.

: acidic electrolyzed water,

: diluted chlorine acidic electrolyzed water

: chlorine free acidic electrolyzed water,

: AcEW 4+ AIEW (alkaline electrolyzed water)
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shredded cabbage.
significantly at p<0.05.

: acidic electrolyzed water,

" diluted chlorine acidic electrolyzed water

: chlorine free acidic electrolyzed water,

4 AcEW + AIEW (alkaline electrolyzed water)
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Fig. 4 Comparison of disinfectant effect of wvarious solutions containing available chlorine for
homogenates of shredded vegetables. Each wvalue is the mean=®SD, n=10, Values with
different letters in the same item differ significantly at p<0.05.

: acidic electrolyzed water,

: diluted chlorine acidic electrolyzed water

: chlorine free acidic electrolyzed water,

11 AcEW + AIEW (alkaline electrolyzed water)

* : not detected
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Table 2 Comparison of reduced aerobes counts (log CFU/g) by various solutions containing

available chlorine

Lettuce Cabbage
Shredded Homogenized Shredded Homogenized
AcEW? 5.8+0.5 6.310.2 5.3+0.3 5.9+0.2
dcAcEWP 5.8£0.5 6.2+0.4 5.3£0.2 5.910.3
pH adjust tap water 5.810.6 6.240.6 5.310.4 5.9:+0.5
cf ACEW® 5.8£0.5 6.210.4 5.3220.6 5.77%0.3
HCI1 5.8+0.4 6.1+0.3 5.3+£0.4 5.6+0.3
Mixture® 5.810.6 6.3+0.2 5.3+0.5 5.9+0.6
tap water 5.4%0.4 5.910.4 4.6£0.5 4.810.4

Value=log {(acrobes counts (CFU/g) before treatment)—

treatment)}

{aerobs counts (CFU/g) after each

Each value is expressed as the mean =£SD, (n=10).

4: Acidic Electrolyzed Water

b

¢

: chlorine free Acidic Electrolyzed Water

. diluted chlorine Acidic Electrolyzed Water

- AcCEW+ AIEW (Alkaline Electrolyzed Water)
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Fig. 5 Relationships between ACC" in acidic electrolyzed water and disinfectant effect for bean sprouts

homogenates.

*: available chlorine concentration

Each value is the mean=®SD, n=10.

(A) : Stirring with aeration under ultraviolet irradiation, (B) : addition of ascorbic acid,
(C) : addition of ammonium iron (II) sulfate, (D) : addition of iron (II) chloride
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