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Abstract       Electrolyzed water is considered an innovation of current technology, 
named in some works as "kangen water". The term "kangen" originated from Japanese 
and means "return to origin", meaning the return to clean, alkaline water, with 
antioxidant capacity or water that existed before the pollution of terrestrial and 
underground ecosystems. Alkaline and acidic water samples were tested in laboratory 
conditions. Alkaline water is considered a source of human health, much easier to 
transport to cells, compared to current water sources. Instead, acidic water is 
considered a good disinfectant for dishes. The antioxidant and antimicrobial capacity 
of the native and diluted water samples was monitored. The microorganisms tested 
were two bacterial species (Escherichia coli and Enterococcus faecalis) and three 
species of fungi (Aspergillus niger, Aspergillus flavus and Fusarium sp.). In the case of 
antimicrobial tests, tap water, distilled water, antibiotics and chlorine were used as 
controls. The antibiotics used were cefotaxime, amoxicilin and ampicillin for bacteria 
and nystatin for fungi. The obtained results showed that the tested water samples do 
not show antioxidant capacity. Regarding the antimicrobial activity, it was observed 
that the water samples do not show bacteriostatic or fungistatic effect. Enterococcus 
faecalis and molds were susceptible to antibiotics.   
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Electrolyzed water or "kangen" is an alkaline 

water obtained with a water ionizer that separates the 
flow of water into two components, acidic water and 
alkaline water. These alkaline ionizers are quite well 
known in Japan and other Asian countries, but are 
currently found in European and US markets [21]. 

The separation is done by electrolysis, a 
process by which OH- ions accumulate at one 
electrode, which will determine the alkaline reaction, 
and at the other electrode protons accumulate, which 
will give the acid reaction. In Japan, alkaline water has 
been approved for consumption against gastrointestinal 
diseases since 1965. In addition, the leaflet that 
accompanies alkaline ionizers claims that alkaline 
water is also beneficial in cancer, diabetes etc. [16]. 

However, the studies do not emphasize the 
direct health benefits of alkaline water [9]. Most 
studies regarding the alkaline water effect were focused 
in the agri-food field [6, 7, 11, 15, 19]. Considering 
that food safety is a difficult goal to achieve in both 
developed and developing countries, and chemical 
disinfectants are considered dangerous to health and 
the environment [1], there are researchers who claim 
that electrolyzed water has antimicrobial activity and 
would be a promising disinfectant method for the food 
industry [10]. 

Antimicrobial tests were also performed in the 
medical field. Some studies have shown that the 
antimicrobial activity of electrolyzed water is 
influenced by several factors such as: nature of the 

microorganism [5], temperature, chlorine 
concentration, time of exposure of microorganisms, pH 
[18]. In this paper we studied the antioxidant and 
antimicrobial activity of alkaline water (pH = 11.5) and 
acidicone (pH = 2.5), as well as the corresponding 
dilutions (proportion 1/1) obtained by electrolysis of 
tap water, after storage at 4°C, for 24 hours. The 
experiments were repeated twice and intervals of 15 
days. 

 
Material and Method 
 

Evaluation of the total antioxidant capacity of 
electrolyzed water by FRAP (Ferric Reducing 
Antioxidant Power) assay 

The principle of the FRAP method is the 
reducing of 2,4,6-tripyridyl-s-triazines (which have an 
intense blue color) to ferrous tripyridyltriazine under 
low pH conditions [2, 20]. To determine the 
antioxidant capacity by the FRAP method, the 
following solutions were used: acetate buffer (25 mLl, 
TPTZ (2,4,6-tripyridyl-s-triazine) (2.5 ml), FeCl3 (2.5 
ml). For the calibration curve, the Fe (II) solution in a 
range of 0.1-0.8 mM/l and the FRAP reagent were used 
as a control. The absorbance was measured with a 
spectrophotometer (SPECORD 205 spectrophotometer, 
Analytik Jena) at a wavelength of 593 nm. The 
determinations were performed three times at 10 
minute intervals at 25°C. The coefficient of the 
calibration curve (r 2) was 0.9994. [20]. 
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Evaluation of the antimicrobial activity of 
electrolyzed water by agar diffusion method 

The antimicrobial potential of acidic (AAC) 
and alkaline (AAL) water samples, respectively their 
dilutions (AAL1, AAC1) (proportion 1/1) was 
evaluated using two bacteria that contaminate food and 
three filamentous fungi.  

The bacteria were a Gram positive 
(Enterococcus faecalis) and a Gram negative one 
(Escherichia coli). From the fungi, Aspergillus niger, 
Aspergilus flavus and Fusarium sp. were selected. 

Bacterial strains and filamentous fungi were 
provided by the Department of Microbiology, Banat 
University of Agricultural Sciences and Veterinary 
Medicine of “King Mihai I of Romania" from 
Timisoara, Romania. The 24-hour microbial inoculants 
were grown on Mueller-Hilton Broth (bacteria) and 
Sabourand (fungi) media, respectively. In order to test 
the biological activity, the young bacterial suspensions 
were inoculated on nutritious Mueller-Hinton agar 
medium, and the three species of fungi on Sabouraud 
agar medium by inoculum dissemination technique. 
For better dispersion of fungal spores on Sabouraud 
agar, fungal suspensions were supplemented with a 
drop of Tween 20. The evaluation of the antimicrobial 
activity was performed by the agar diffusion method, 
following the Kirby Bauer procedure [4, 3, 17]. Sterile 
6 mm diameter filter paper discs were immersed in 
alkaline and acidic water samples, respectively in their 
dilutions (1/1 ratio). Similar tests were performed with 
tap water (AR), distilled water (AD) and scented 
chlorine (CL) purchased from the market (control). 
Antibiotics were also used as controls: cefotaxime (for 
Escherichia coli), ampicillin, respectively amoxicillin 
(for Enterococcus faecalis) and nystatin (for 
filamentous fungi). 

 The tests were performed in two repetitions. 
The incubation temperature was 37ºC for bacteria and 
28ºC for fungi. The incubation time was 18-24 hours 
for bacteria and 3-5 days for filamentous fungi. 

The results for the bacteria were read after 6 
hours of incubation. After incubation, the diameter of 
the inhibition zones was measured (the expression is 
made in mm). The appearance of inhibition zones 
indicates antimicrobial activity. 

Results and Discussions 
 

For alkaline electrolyzed water that has a 
reducing potential, we did not obtain conclusive results 
based on FRAP method. This could be explained either 
by the loss of the antioxidant capacity of water by 
storage, or by the inability of the method to detect this 
activity. The FRAP method is based on the oxidizing 
capacity of the ferric ion on the reducer (antioxidant). 
If this ability is not manifested, the antioxidant cannot 
be detected. It is possible that the active hydrogen 
generated at the cathode may not be detectable by this 
method. If active hydrogen is protected from 
inactivation it could imprint the antioxidant capacity of 
electrolyzed water. For the active hydrogen, which is a 
free radical another method should be chosen for 
detection. 

Studies conducted till now showed that the 
antimicrobial efficacy of electrolyzed water depends 
mainly on the tested microorganisms tested [18], but 
also on other factors that were mentioned in the first 
part of the paper. It was pointed out that the 
microorganisms react differently under the influence of 
electrolyzed water and the range of mentioned factors.  

The antimicrobial tests were performed after 
24 hours, respectively at intervals of 15-20 days. The 
water samples were stored at 4ºC in this time.  

The tables in this paper present the results 
obtained from the interaction of microorganisms with 
electrolyzed water (alkaline, acid) which was stored in 
the refrigerator for 24 hours, because it caused a slight 
antimicrobial inhibition after 6 hours of interaction 
with bacteria.  

The other obtained results proved that the 
microorganisms show resistance to electrolyzed water 
stored for a longer time in the refrigerator. During the 
time the tests were performed, the microorganisms 
showed sensitivity only to antibiotics. 

According to the obtained data, after 6 hours 
of incubation in the presence of electrolyzed water 
samples, areas of reduced bacterial inhibition appear, 
instead after 24 hours of incubation, the zones of 
inhibition was not visible (Table 1, Figures 1-2). 

Table 1. Antibacterial activity of electrolyzed water stored at 4°C 
Water samples / control Escherichia coli Enterococcus faecalis 

Diameter of inhibition zones (mm)  
 6 hours 24 hours 6 hours 24 hours 
AAL 9 0 (R) 8.5 0 (R) 
AAC 8 0 (R) 7 0 (R) 
AAL1 7 0 (R) 7 0 (R) 
AAC1 7 0 (R) 6.5 0 (R) 
AR  0 (R)  0 (R) 
AD  0 (R)  0 (R) 
CL  13  15 
Cefotaxim  22.5  - 
Ampicilin  -  19 
Amoxicilin  -  11.5 

R – resistant (absent antibacterial activity, D≤14 to cefotaxim; D≤13 to ampicilin); S – sensitive (exhibited antibacterial activity, D≤16 mm to 
ampicilin); I – intermediate (intermediate antibacterial activity, D=15-22 mm to cefotaxim; D=14-16 mm to ampicilin) 
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Figure 1. The effect of alkaline and acid electrolyzed water on the bacterium Enterococcus faecalis 
A -electrolized water samples: B - diluted water samples  (1 and 2) 

 
In other studies Fenner et al. (2006) observed 

that the enterobacterium Proteus mirabilis is sensitive 
to electrolyzed water, and the bacterium Pseudomonas 
aeruginosa is resistant [8]. Contrary to our findings, 
Kim et al. (2000) state that electrolyzed water inhibits 
Escherichia coli O157: H7 and Listeria monocytogenes 
after a 30-second exposure [14]. 

These differences of reaction may be related 
to the properties of each bacterial species, therefore this 
is considered essential to continue research in this 
direction.  

Jadeja et al. (2013) performed studies on 32 
strains of Escherichia coli and 6 toxicogenic serotypes 
and noted that electrolyzed water is effective against 
serotypes, but their reaction still varied [12] 

The antimicrobial values produced by 
electrolyzed water are much lower compared to the 
controls (chlorine and antibiotics). Compared to the 
controls tap water, distilled water, all the tested 
microorganisms showed resistance. 

 

  
Figure 2. The effect of electrolyzed water (alkaline, acid) on the bacterium Escherichia coli 

A - electrolized water samples: B - diluted water samples (1 and 2) 
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Antifungal tests have also shown that A. niger, 
A. flavus and Fusarium sp. does not show sensitivity to 
electrolyzed water stored in optimal conditions, at a 
temperature of 4oC (Table 2) or to control water 
samples, instead there are high inhibition values for 
antibiotics. 

However, Kim et al. (2007) observed that 
electrolyzed (alkaline) water, pH = 8.89-9.35, shows 
antimicrobial activity against the bacteria, fungi and 
yeasts tested [13].  

 
Table 2. Antifungal activity of electrolyzed water stored at 4°C 

Water samples / control Fusarium sp. A. niger A.  flavus 
Diameter of inhibition zones (mm) by 3-5 days 

AAL 0 (R) 0 (R) 0 (R) 
AAC 0 (R) 0 (R) 0 (R) 
AAL1 0 (R) 0 (R) 0 (R) 
AAC1 0 (R) 0 (R) 0 (R) 
AR 0 (R) 0 (R) 0 (R) 
AD 0 (R) 0 (R) 0 (R) 
CL 12 9.5 21 
Nystatin 35 25 26.5 

  
Conclusions 
 

From the obtained results it was observed that 
the antimicrobial activity is influenced by the storage 
time of the electrolyzed water. If the electrolyzed water 
stored at 4oC caused a slight inhibition of bacteria, the 
water stored for a longer time did not retain this 
capacity 

After 6 hours of incubation, the electrolyzed 
water (alkaline, acid, respectively the dilutions 
obtained from each one) showed a reduced inhibition 
of the bacterial species. After 24 hours of incubation 
the bacteria grew in the inhibition zone. The three 
species of filamentous fungi had a similar behavior. 
Antibiotics, especially nystatin, showed a high 
inhibitory effect.   

It was also observed that the electrolyzed 
water did not show antioxidant capacity (possible 
explanations are mentioned in the results). 
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