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Abstract: (1) Background: Slightly acidic electrolyzed water (SAEW) is an effective and safe sterilizing
solution. Its active component is hypochlorous acid (HOCl) which has been proved to exhibit a
strong disinfectant activity. In this research we evaluated the effectiveness of SAEW in the removal of
Methylobacterium mesophilicum, Rhodotorula mucilaginosa and Cladosporium cladosporioides, responsible
for pink-colored biofilm and black mold in households. (2) Methods: Two concentrations of SAEW,
20 mg/L and 40 mg/L, were tested against M. mesophilicum, R. mucilaginosa and C. cladosporioides. In vitro
experiments and mesh experiments were conducted to test the effectiveness of SAEW. (3) Results: The
test results showed that 40 mg/L SAEW was effective in removing R. mucilaginosa and C. cladosporioides,
with the population decreasing by approximately two orders of magnitude. For M. mesophilicum,
resistance towards SAEW was observed; to obtain a 1.3 order of magnitude decrease in bacterial
population, washing 5 times with 40 mg/L SAEW was necessary. Mesh experiments showed that SAEW
can remove black mold; (4) Conclusions: Overall results indicated that SAEW was particularly effective
for R. mucilaginosa and C. cladosporioides species commonly found in Japanese households.

Keywords: slightly acidic electrolyzed water; Methylobacterium mesophilicum; Rhodotorula mucilaginosa;
Cladosporium cladosporioides

1. Introduction

In 2020, the world was dedicated to the control and treatment of the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. Therefore, existing disinfectants
were re-evaluated in each country, including hypochlorous acid water, which is known for
its effectiveness, safety, and easy availability [1]. Hypochlorous acid (HOCl) has extremely
high bactericidal activity per molecule and is also produced by white blood cells within
the human body to fight infections [2]. Hypochlorous acid is generally used for sanitation
purposes in industries such as food production in concentrations ranging between 50 and
200 mg/L [3]. Water containing an extremely low concentration of HOCl can be considered
an effective sterilizing agent while guaranteeing safety. However, under the hypochlorous
acid water umbrella, there are a great number of products that differ in manufacturing
method and stability. As such, they should not be considered as a single product [4]. For
this study, we paid attention to a type called slightly acidic electrolyzed water (SAEW).

The SAEW developed in Japan is sterilized water containing HOCl as the main
component. It is produced by electrolyzing aqueous solutions of NaCl or KCl, or dilute
hydrochloric acid water, in a non-diaphragm electrolytic cell at a low voltage (2V). The
electrolyzed water generated in the electrolytic cell shows strong acidity. However, when
diluted about 3000 times with tap water, the pH is adjusted to 5 to 6.5 by tap water’s
buffering capacity. Due to the simplicity of production, mechanical failures are rare
and maintenance is easy. In addition, this system produces a stable and ready-to-use
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hypochlorous acid water while maintaining a low HOCl concentration. The preceding
factors guarantee bactericidal efficacy, human safety and low environmental load. In Japan,
the Ministry of Health, Labor and Welfare (2002), the Ministry of Agriculture, Forestry and
Fisheries (2014), and the Ministry of the Environment (2014) have approved the use of these
products with limited uses and concentrations [5]. In Japan, the current maximum allowed
concentration of free chlorine in SAEW is 80 mg/L. Furthermore, the Ministry of Health,
Labor and Welfare of Japan (2021) has approved HOCl with extremely low concentrations
(such as SAEW) for aerosol use.

SAEW is considered to be one of the few sterilizing aqueous solutions that can be
sprayed into the air to eliminate airborne bacteria [6–8]. In our previous research, we
sprayed bacteria in a clean booth and then sprayed SAEW in the same space to investi-
gate the bactericidal effect [5,9]. SAEW, considered to be highly safe, is also suitable for
household use. In this study, we investigated the disinfectant effect of SAEW against mi-
croorganisms that are frequently encountered in houses, especially bathrooms and drains
in kitchens. Due to the SARS-CoV-2 pandemic, remote working has increased worldwide.
In that context, effective hygiene and maintaining a good indoor environment are crucial.
This may also help prevent respiratory problems such as asthma and rhinitis caused by
molds [10–12].

The fungus most frequently present in houses is Cladosporium spp. [10,12–15]. Addi-
tionally, pink-colored contamination or biofilms often result from the growth of Rhodotorula
spp. and/or Gram-negative bacteria Methylobacterium spp. [16]. Several methods and
chemicals have been developed to help prevent or remove them. To our best knowl-
edge, there is no research on the efficacy of SAEW or low HOCl concentration water in
removing pink-colored biofilm and black mold. Therefore, there is a need to evaluate its
potential use for their prevention or removal and determine the necessary concentration.
Thus, the objectives of this study were to quantify the efficiency of SAEW in preventing
Methylobacterium mesophilicum, Rhodotorula mucilaginosa and Cladosporium cladosporioides
from spreading when directly applied. Furthermore, mesh impregnated with black mold
was tested to evaluate SAEW’s potential as a mold removal agent.

2. Materials and Methods
2.1. Slightly Acidic Electrolyzed Water Generation

SAEW was generated by electrolysis of a mixture of an aqueous dilute solution
of HCl and tap water. Two different generators, an Apia 60 and Apia 270 (Hokuetsu
Co. Ltd., Kanagawa, Japan), were used. The Apia 60 requires a 3% HCl solution and
produces approximately 20 mg/L of free chlorine, while the Apia 270 requires a 9% HCl
solution and generates approximately 40 mg/L of free chlorine. The physicochemical
properties of SAEW were measured before each experiment. The pH was measured
using the HI1280 Piccolo pH meter (Hanna Instruments Inc., Nusfalau, Romania). The
free chlorine concentration was determined using the HI96771 Free Chlorine Photometer
(Hanna Instruments Inc., Nusfalau, Romania).

2.2. Culture Preparation

Liquid-dried cultures of Methylobacterium mesophilicum (NBRC 15688), Rhodotorula
mucilaginosa (NBRC 0909) and Cladosporium cladosporioides (NBRC 6368) were obtained
from the Biological Resource Center (NBRC) of the National Institute of Technology and
Evaluation (NITE), Japan. Microorganisms were revived according to the L-dried specimen
reactivation method provided by the NBRC: The L-dried specimen ampoule was aseptically
cut, a few drops of rehydration fluid (0.9% NaCl solution) were added and gently mixed for
approx. 2 min. The suspension was placed in agar plates and incubated at the temperature
specified by the NBRC until colonies were visually detected (stock).

Each specimen required a different agar medium. M. mesophilicum medium consisted
of 10 g of hypolypepton (Nihon Pharmaceutical Co., Ltd., Tokyo, Japan), 2 g of yeast extract
B2 (Oriental Yeast, Co., Ltd., Tokyo, Japan), 1 g of magnesium sulphate heptahydrate
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(MgSO4·7H2O, Nacalai Tesque, Inc., Kyoto, Japan), and 15 g of agar powder (Wako Pure
Chemical Industries Ltd., Osaka, Japan) in 1 L of distilled water. After autoclave steriliza-
tion of the medium, it was left undisturbed to allow the temperature to decrease to around
60 ◦C. Then, 5 mL of methanol 99.8% (Kanto Chemical Co., Inc., Tokyo, Japan) sterilized by
filtration was added. R. mucilaginosa medium consisted of 10 g of D-(+)-glucose (Hayashi
Pure Chemical Ind., Ltd., Osaka, Japan), 5 g of peptone from glycine max (soybean) type
IV, powder (Sigma-Aldrich, Missouri, United States), 3 g yeast extract B2 (Oriental Yeast,
Co., Ltd., Tokyo, Japan), 3 g of bacto malt extract (Difco Laboratories, Maryland, United
States), and 15 mL of agar powder (Wako Pure Chemical Industries Ltd., Osaka, Japan), in
1 L of distilled water. C. cladosporioides medium consisted of 39 g of potato dextrose agar
“Nissui” (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) in 1 L of distilled water.

2.3. In Vitro Experiments

Cell culture was prepared to conduct experiments by transferring several colonies
from the stock to 1 mL of 0.9% NaCl solution using a sterile inoculation loop (Kenis Limited,
Osaka, Japan) and shaking using a vortex mixer (Vortex-Genie 2, Scientific Industries Inc.,
New York, United States). We used the USHIO photo absorbance sensor PAS-110 (Ushio
Inc., Tokyo, Japan) to make sure the absorbance of this solution was between 0.1 and 0.15.
From this solution, 7 series of 10-fold dilutions were prepared by adding 100 µL of the
specimen suspension to 900 µL of 0.9% NaCl solution shaken using a vortex mixer. Thirty
microliters of every solution were placed in agar plates and left undisturbed for 30 min.
After that, 5 mL (for R. mucilaginosa and C. cladosporioides) or 10 mL (for M. mesophilicum)
of SAEW 20 mg/L and 40 mg/L was poured into each plate and left for 3 min before
discarding the supernatant. Control was prepared by pouring the same amount of sterilized
distilled water in the agar plate and discarding the supernatant after 3 min. The plates were
incubated at 28 ◦C for 3 days for R. mucilaginosa, 3 to 5 days for C. cladosporioides, and 6 days
for M. mesophilicum. After this period, the bacterial colony was counted and the bactericidal
activity of SAEW determined. Microbial counts were expressed as log10 CFU/mL, with
the reduction in bacterial population also calculated and presented as log10 CFU/mL. Each
experimental case was replicated at least 6 times to ensure repeatability. Figure 1A shows
the general procedure for in vitro experiments.

Figure 1. Schematic overview of (A) in-vitro and (B) mesh experiments.

2.4. Mesh Experiment

SAEW is potentially an effective way to remove black mold. Experiments were
conducted by submerging and agitating mesh impregnated with black mold into SAEW.
The mesh (polyester mesh) was first soaked in a black mold medium and placed in a Petri
dish. Five hundred microliters of C. cladosporioides of 5.58 log10 CFU/mL was placed on
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the whole area of the mesh. It was incubated for 2 weeks and then placed in a 250 mL
flask with 100 mL SAEW at either 20 mg/L or 40 mg/L concentrations. It was agitated at
200 rpm for 5 min, then the solution was discarded and replaced by new SAEW solution.
This procedure was repeated 5 times, and the SAEW solution poured in the fifth time was
left overnight. Distilled water was used as control. Five replications were performed for
each case. Figure 1B presents a schematic overview of the mesh experiment.

3. Results

The pH of stock solutions and the available chlorine concentration of sterilized distilled
water and SAEW are presented in Table 1. SAEW had a pH value ranging between 5.7 and
6.1 and a free chlorine concentration of 20 ± 1 mg/L and 42 ± 2 mg/L. For simplicity, we
refer to both SAEW concentrations as SAEW 20 mg/L and SAEW 40 mg/L, respectively.

Table 1. Physicochemical properties of distilled water SAEW.

Concentration (mg/L) pH (-)

Distilled water - 7.01 ± 0.23
Apia 60 (SAEW 20) 20 ± 1 5.71 ± 0.18

Apia 270 (SAEW 40) 42 ± 2 6.01 ± 0.04

3.1. Pink-Colored Biofilm

Survival populations of Methylobacterium mesophilicum and Rhodotorula mucilaginosa are
presented in Figures 2 and 3. For M. mesophilicum, the initial average concentration was
4.66 log10 CFU/mL. Water (control) did not affect bacterial growth, as the bacterial pop-
ulation was 4.58 log10 CFU/mL after water treatment. When SAEW 20 mg/L was used,
a small M. mesophilicum population reduction was observed (from 4.66 log10 CFU/mL to
4.29 log10 CFU/mL). For SAEW 40 mg/L, agar plates with bacteria were washed 1 and 5 times
with 10 mL of SAEW 40 mg/L each time. The survival populations were 4.11 log10 CFU/mL
and 3.32 log10 CFU/mL after washing 1 and 5 times with 10 mL of SAEW 40 mg/L, respec-
tively. The maximum population decrease was 1.34 log10 CFU/mL, observed after washing
the plate 5 times with 10 mL of SAEW 40 mg/L. This result may indicate that M. mesophilicum
showed resistance towards SAEW. Thus, to assess SAEW’s disinfectant effect against this
particular bacterium, we needed to wash it several times. Hiraishi, et al. [17] observed a simi-
lar result and reported that the majority of Methylobacterium strains show chlorine resistance.
Even though the mechanism is still unknown, this research team found that the chlorine
resistance capacity was developed by adapting to chlorinated environments. On the other
hand, Ihara, Sakamoto, Yoshida and Tsuchido [16] implied that pink-slime microorganisms
such as Methylobacterium usually have carotenoid pigments (antioxidant substances) in their
cells that are believed to play an important role in cellular resistance to treatments such as
chlorine, detergents, desiccation and UV.

Figure 2. Survival population of Methylobacterium mesophilicum after SAEW treatment.
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Figure 3. Survival population of Rhodotorula mucilaginosa after SAEW treatment.

For R. mucilaginosa, the initial average concentration was 7.47 log10 CFU/mL. After
water treatment, the yeast concentration remained almost the same (7.42 log10 CFU/mL),
which suggests that water did not affect R. mucilaginosa’s growth. We observed that 5 mL of
SAEW 20 mg/L was not very effective in removing this yeast. The yeast concentration was
7.36 log10 CFU/mL after treatment with 20 mg/L of SAEW. However, a large decrease in the
survival population of R. mucilaginosa was observed after washing the agar plate with 5 mL
of SAEW 40 mg/L. A decrease of more than 2 orders of magnitude (2.07 log10 CFU/mL)
was observed in this case, which indicates that SAEW 40 mg/L might be effective in
preventing the growth or spread of R. mucilaginosa, responsible for the majority of pink-
colored biofilms in households.

3.2. Black Mold

The survival population of Cladosporium cladosporioides is presented in Figure 4. The
initial average concentration was 5.58 log10 CFU/mL. After water treatment (control), the
fungus remained almost unchanged, with a concentration of 5.10 log10 CFU/mL. The
C. cladosporioides concentration decreased to 5.09 log10 CFU/mL after washing with 5 mL of
SAEW 20 mg/L. After washing the agar plate with 5 mL of SAEW 40 mg/L, a dramatic
decrease in the fungal population, to 3.42 log10 CFU/mL, was observed. This indicates
that there was a more than 2 orders of magnitude decrease (2.16 log10 CFU/mL) and
thus, 40 mg/L of SAEW 40 might be effective in preventing the growth of black mold
in households.

Figure 4. Survival population of Cladosporium cladosporioides after SAEW treatment.

Mesh experiments with black mold showed that washing the black mold impregnated
mesh 5 times with SAEW 40 mg/L and leaving it overnight under agitation was enough
to completely remove the black mold (Figure 5). No change was observed after the same
treatment with water (experimental control). Mesh experiments using C. cladosporioides
may suggest that SAEW not only prevents black mold formation but can also be used to
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remove black mold afterwards. However, due to the low concentration of SAEW (40 mg/L
or 0.004%), washing several times becomes crucial.

Figure 5. Mesh before and after washing with water and SAEW. (a) Before, (b) after water washing,
(c) after SAEW washing.

4. Discussion

The active component in SAEW is hypochlorous acid (HOCl), which is a strong
oxidizing agent. In aqueous solutions, chlorine exists in three forms: Cl2, HOCl and
ClO−. Chlorine slightly dissolves in water to form HOCl, which partially dissociates to
form ClO−. The equilibrium between HOCl and ClO− is pH-dependent. At pH between
4 and 6, HOCl becomes the predominant species. It is believed that HOCl’s germicidal
activity is due to its ability to penetrate the microbial cell wall and plasma membrane,
causing damage to the DNA and also inhibiting enzyme activity essential for growth [18].
Kiura et al. [19], Nan et al. [20], Ding et al. [21] and Kim et al. [22] reported on the bacterial
cellular morphology before and after treatment with solutions containing free chlorine
by transmission electron microscopy. They concluded that bacterial cells were damaged,
destroyed or deformed due to exposure to SAEW with free chlorine concentrations between
10 to 60 mg/L.

Due to the SARS-CoV-2 pandemic, people spend more time indoors. Fungal and
bacterial communities on household surfaces are diverse in composition, and they can cause
several diseases such as asthma or allergies. Regularly cleaning or washing surfaces with
SAEW may be a safe way to prevent these microorganisms from spreading inside the home.
Results presented in this research suggest that SAEW can remove pink-colored biofilm and
black mold. From the overall results of this research, we can say that SAEW has a low HOCl
concentration, and thus, repeated application of this substance is suggested, especially
when disinfecting surfaces. Parish, et al. [3] reported that chlorine aqueous solutions are
commonly used in a concentration range of between 50 and 200 mg/L, with a contact time
of 1 to 2 min to sanitize surfaces or equipment in contact with food. In this research, we
set the contact time to 3 min, which is long enough to secure SAEW’s action. SAEW can
easily react with organic matter and, therefore, may react with organic matter such as dust
before it can reach the target microorganism. Therefore, it is recommended to clean target
surfaces or remove organic matter from them before SAEW application to maximize its
disinfection potential. According to Takehara and Fukuzaki [23], the maximum decrease
in available chlorine concentration due to the presence of organic matter was observed at
pH 9.5, whereas the minimum was reported at pH 4.5. Considering that the pH of SAEW is
between 4.5 to 6, it can be said that the presence of organic matter has a smaller impact when
compared with sodium hypochlorite (ClO−), which has pH of around 8.5 to 10. Moreover,
Takeda et al. [24] reported that 34 mg/L of SAEW was effective in inactivating SARS-CoV-2
even in the presence of high concentrations of organic substances.

The application of SAEW is diverse; it can inactivate bacteria and viruses and be
used either as solution or spray. This study constitutes a first approach to evaluate new
applications of SAEW in dwellings such as for preventing or reducing common fungi and
bacterial contamination. High concentration disinfectants tend to be effective, but also
produce harm. Conversely, safe disinfectants are commonly less effective. In this regard,
SAEW constitutes a possible alternative. The safety of SAEW in Japan has been extensively
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studied by the Food Safety Commission, the Ministry of Agriculture, Forestry and Fisheries,
the Ministry of Environment, and the Ministry of Health, Labor and Welfare. No risk of
harm to humans, animals or plants has been found. Considering that SAEW has a low
HOCl concentration (lower than 80 mg/L) but rapid action, it is highly recommended that
it be used under running water conditions [24] such as when washing bath tubs or kitchen
sinks or when used for hand washing. Further studies can be performed with several
surfaces and more species to better understand SAEW’s application range.

5. Conclusions

Results obtained in this study demonstrated that SAEW effectively reduced colonies
of Methylobacterium mesophilicum, Rhodotorula mucilaginosa and Cladosporium cladosporioides.
A maximum reduction of M. mesophilicum was observed after washing the plate 5 times with
10 mL of SAEW 40 mg/L. For R. mucilaginosa and C. cladosporioides, greater than 2 orders of
magnitude decreases in their populations were observed. Overall results indicated that
SAEW was particularly effective against the R. mucilaginosa and C. cladosporioides species
commonly found in Japanese households. Mesh experiments showed that SAEW can
remove black mold.

SAEW is a highly safe disinfectant due to its low HOCl concentration (0.008% of HOCl
at most and 99.992% water). It can be effective even at low concentrations, which makes
it suitable for surfaces and household disinfection, especially when used under running
water conditions.
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