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Abstract

Objectives: Kendo protective equipment is used without washing for a long time. Staphylococcus

saprophyticus, Micrococcus luteus, and Bacillus sphaericus are frequently isolated from the mask

(‘men’ in Japanese) of kendo protective equipment during one year. To investigate the bactericidal

effects of electrolyzed acidic water on these three bacteria, we observed their cellular structures by

electron microscopy after treatment with such water.

Methods: Each bacterium isolated from ‘men’ was treated with electrolyzed acidic water and then

observed under scanning and transmission electron microscopes.

Results: When S. saprophyticus was treated with electrolyzed acidic water and its cellular

structures were observed under a transmission electron microscope, ghost cytoplasm was observed, in

which no ribosomal granules or fibrous DNA structures were present, and the cell wall inner layer was

detached from the outer layer. Under a scanning electron microscope, the structure of the cell wall

surface layer was wrinkled, and round pores were partially formed, indicating that the cytoplasmic

structures were flushed out of the cells treated with electrolyzed acidic water through the pores formed

in the cell wall. In M. luteus, the destruction of ribosomal granules and that of DNA fibers were

observed to be similar to those of S. saprophyticus. For B. sphaericus, the effect of electrolyzed acidic

water was investigated using vegetative cells. A dissociation between the cytoplasm and cell wall

wrinkled the cell surface layer.

Conclusion: On the basis of above findings, electrolyzed acidic water was found to destroy the

cellular structures of the three bacterial species frequently isolated from kendo men within a short

time. Electrolyzed acidic water may be useful for disinfecting of kendo equipment.
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Introduction

Infectious diseases caused by weakly toxic, non toxic, and

non harmful bacteria, which have been considered to normally

cause no infectious diseases in healthy individuals, have

recently been reported (1). Human infections by these non

pathogenic bacteria are called opportunistic infections. Many

cases of opportunistic infections caused by non-pathogenic

bacteria, such as Pseudomonas aeruginosa, which had been

considered non pathogenic, and non-pathogenic epidermal

Staphylococcus and Enterococcus, have occurred as a result of

irradiation with electromagnetic waves, the administration of

immunosupressors for organ transplantation, the use of anti-

cancer drugs and adrenocortical hormones with advances in

medical care, an increase in the number of AIDS patients whose

immune system is weak, hard exercise, and decreased physical

strength after disease (1–4). Thus, the analysis of environmental

bacterial floras is important with regard to microbiology, public

health, and the prevention of epidemics. At the same time,

investigations of the inhibition mechanisms of bacterial prolif-

eration and the bactericidal effects of various disinfectants and

drugs for isolated and identified bacteria are urgently needed

for the establishment of measures for bacterial eradication. To

clarify the states of bacterial floras in natural environments, our

laboratory has incorporated an advanced instrument, the auto-
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matic bacterial test system, and performed detailed isolation

and identification studies of bacteria found on educational and

work facilities, exercise devices, exercise protection equipment,

and uniforms. We have identified bacterial flora found on kendo

equipment and judo and wrestling mats, as well as in pool

water, sumo ring soil, and dance fields (5–11). Furthermore, we

have been studying the in vitro bactericidal effects of various

disinfectants on bacteria constituting the flora in various sport

education facilities and sport equipment from hygienic, public

health, and epidemiological viewpoints (5, 12).

Kendo is a contact sport in which players hit their op-

ponents with bamboo swords and wear protective equipment

including a kendo mask. Kendo protective equipment is used

for a long time without washing, usually until the equipment

becomes worn out (13). Thus, elucidating the bacterial flora

present on kendo protective equipment including the men is

important with regard to microbiology, hygiene, public health,

and the prevention of epidemics. In addition, investigations of

the bacterial proliferation inhibition mechanisms and antibacte-

rial effects of various disinfectants against identified bacteria

are urgently needed for sport education and the establishment

of measures for bacterial eradication. In this study, to clarify

the bactericidal effects of electrolyzed acidic water on three

bacterial species present on men, namely Staphylococcus

saprophyticus, Micrococcus luteus, and Bacillus sphaericus,

isolated and identified at high frequencies throughout the year,

changes in bacterial ultrastructure were observed by electron

microscopy.

Materials and Methods

1. Sample collection

Twenty subjects were randomly selected from male and

female members of a kendo club of University. The bacterial

flora on their kendo masks was sampled and studied investi-

gated for one year. After kendo classes and practice, kendo

protective equipment is usually stored in a gymnasium locker

at room temperature (20–25°C) without periodic disinfection or

sun exposure. For sample collection, a Countact (Biomerieux

Japan) was placed on the inner surface of the left jaw region

of a ‘men’ immediately after kendo practice, and the entire

Countact was pressed with 500 g of pressure for 10 sec using a

Countact applicator (14).

2. Culture method

The sample collected on the Countact was cultured at 37°C

for 24 h in an incubator followed by culture at room tem-

perature for three days (8). The morphology and color of the

colonies collected on the Countact were observed, and the colo-

nies were subjected to isolation culture using heart infusion

agar medium. Isolated bacteria were subjected to pure culture

on heart infusion slants.

3. Identification using automatic bacterial test system

Each pure bacterial culture was Gram-stained. Then, the

cell morphology of each culture was observed, and the Gram

stain result was observed under a light microscope (Nikon

E500). Cards for identification (bioMérieux, Inc., France)

were selected on the basis of Gram stain reactions. After ini-

tial classification, the bacteria were suspended in physiological

saline and the resulting solution was placed in the card or ATB

plate (bioMérieux, Inc., France). The card for identification was

computer-processed using VITEK AMS and ATB automatic

bacterial test systems (bioMérieux-Vitek Japan, Ltd.) and the

bacteria were automatically identified after 4–48 h (15).

4. Samples of bacterial strains

Among the bacteria on the ‘men’ identified by the rapid

automatic bacterial test system, S. saprophyticus, M. luteus,

and B. sphaericus, which were detected at high frequencies

throughout the year, were selected. Staphylococcus saprophy-

ticus and B. sphaericus were cultured with shaking in nutrient

broth at 37°C for 24 h, and M. luteus was cultured in heart infu-

sion broth (Nissui Pharm.) under the same conditions (7, 14).

5. Treatment of bacteria with electrolyzed acidic water

Each bacterium isolated from the ‘men’ was suspended in

0.5% NaCl solution and adjusted to 10
6–7

 cells/ml. The bacterial

suspension (0.2 ml) was added to a test tube containing 1.8 ml

of electrolyzed acidic water (Oxilyzer, Koken Co.) (pH 2.7

or lower, oxidation-reduction potential: +1,100 mV, dissolved

chlorine: 20–60 ppm), left to react at 20°C for 0.5 or 10 min,

and diluted (14, 16). The samples were cultured on nutrient

agar medium at 37°C for 24 h, and the viable bacterial cell

concentration after treatment with electrolyzed acidic water

was determined from the colony count on the medium.

6. Transmission electron microscopy

Each bacterium taken from the culture was fixed with

2.5% glutaraldehyde (TAAB) for 1 h at 4°C and then postfixed

with 1% osmium tetroxide (EM Science, USA) for 1 h at 4°C

(17). The suspension was then centrifuged and the resulting

pellet was embedded in 2% agarose (Nakarai Co.) followed

by dehydration in a 50–100% graded ethanol series and then

dehydration in 100% acetone (Wako Pure Chem. Co.). The

samples were embedded in Spurr’s resin (EM Science, USA)

and subjected to serial sectioning using a Leica UCT micro-

tome. Sections were stained with 3% uranyl acetate (Merck,

Germany) at room temperature followed by staining with lead

citrate, after which they were examined with a JEOL CX-100

electron microscope (16).

7. Scanning electron microscopy

Each bacterium was washed with 0.1 M phosphate buffer,

and fixed with 1% glutaraldehyde (TAAB). The sample was

then dehydrated in graded ethanol series, and subjected to

critical-point drying using isoamyl acetate (Wako Pure Chem.

Co.) as intermediate solution and liquefied carbonic acid

gas as transfer solution (10, 12). After drying, the sample was

subjected to vacuum double-vapor deposition of carbon and

gold (JEOL JFC-1600), and observed at an accelerating volt-

age of 10 kV under a scanning electron microscope (JEOL,

JMS6040LV).
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Results

The bacteria from the ‘men’ were analyzed using the

automatic bacterial test system, and about 40 major species

were isolated and identified throughout the year. Gram-negative

rods were most frequently isolated, followed by Gram-positive

rods and Gram-positive cocci. No Gram-negative coccus was

isolated from the ‘men’ within the range investigated. Thirteen

Bacillus species were isolated from the ‘men’. Bacillus sphaeri-

cus was isolated at a high frequency during the year, but B.

subtilis, B. circulans, B. pumilus, B. thuringiensis, B. megate-

rium, B. cereus, B. lentus, B. licheniformis, B. macerans, B.

alvei, B. laterosporus and B. coagulans were isolated at low

frequencies from the ‘men’. The bacteria identified included

the pathogenic etiological agent of Vibrio enteritis and Vibrio

parahaemolyticus.

Table 1 shows the three bacterial species isolated from

the ‘men’ at a high frequency. Bacillus saprophyticus was

most frequently isolated among the Bacillus species, and the

frequency was 37%. The frequencies of Micrococcus luteus and

B. sphaericus were 34% and 17%, respectively.

Figure 1 shows the changes in the frequencies of the three

most frequently isolated species, namely S. saprophyticus, M.

luteus, and B. sphaericus, during the year. The frequencies of S.

saprophyticus and B. sphaericus increased during summer (Fig.

1). The detection rates for S. saprophyticus and B. sphaericus

in September were 60% and 30%, respectively (Fig. 1). In

Table 1 Staphylococcus saprophyticus, Micrococcus luteus and

Bacillus sphaericus species were isolated from ‘men’ at a high

frequency

Bacterium

Number of ‘Men’

Frequency 

(%)
Tested

Positive for 

bacterium

Staphylococcus saprophyticus 180 67 37

Micrococcus luteus 180 61 34

Bacillus sphaericus 180 31 17

Fig. 1 Changes in frequencies of three most frequently isolated species, namely Staphylococcus saprophyticus, Micrococcus luteus and

Bacillus sphaericus during year.

Fig. 2 Bactericidal effects of electrolyzed acidic water on Staphylococcus saprophyticus, Micrococcus luteus and Bacillus sphaericus. No

growth was observed after treatment with hydrolyzed acidic water at 20°C for 0.5 minites for M. luteus and 5 min for S. saprophyticus. For B.

sphaericus, the number of viable cells represented about 0.001% of the initial number of cells after 0.5 min and less than 0.0001% after 15 min.



Environ. Health Prev. Med. Studies on Bactericidal Effects of Electrolyzed Acidic Water on Bacteria

209

contrast, the frequency of M. luteus was constant throughout the

year, showing that this M. luteus is the most common bacteria in

the bacterial flora on the ‘men’ (Fig. 1); thus, and Micrococcus

luteus can be called the bacteria of the kendo mask.

The treatment of the three bacterial species with electro-

lyzed acidic water as disinfectant at 20°C for 10 min showed a

strong bactericidal effect. Figure 2 shows the time course of the

bactericidal effect of electrolyzed acidic water on Staphylococ-

cus saprophyticus, Micrococcus luteus and Bacillus sphaericus.

No growth was observed after treatment with hydrolyzed

acidic water at 20°C for 0.5 min for M. luteus and 5 min for S.

saprophyticus. For B. sphaericus, the number of survivors

represented about 0.001% of the initial number of cells after

0.5 min and less than 0.0001% after 15 min (Fig. 2). This is in

good agreement with the electron micrographs (Figs. 3, 4 and

5). Note that the growth of Bacillus sphaericus was not entirely

Fig. 3 A, B and C: Transmission electron micrographs of Bacillus sphaericus. Bar=1 μm. D and E: Scanning electron micrographs of

Bacillus sphaericus. Bar=1 μm. A: Bacillus sphaericus cells were double-fixed with 2.5% glutaraldehyde and 1% osmium tetroxide fixatives. B:

Treatment of B. sphaericus cells with hydrolyzed acidic water at 20°C for 0.5 minutes decreased cytoplasmic density. The arrows indicate a

decrease in electron density in the septum region. C: Treatment of B. sphaericus with hydrolyzed acidic water at 20°C for 10 minutes decreased

cytoplasmic density and separated the cytoplasm from the cell wall. Bar=1 μm. D: Scanning electron microscopic observation of B. sphaericus

before treatment with hydrolyzed acidic water. E: Bacillus sphaericus after treatment with hydrolyzed acidic water observed under scanning

electron microscope.
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inhibited at 20°C for a 15-min treatment with hydrolyzed acidic

water (Fig. 2).

Figure 3A shows ultrathin sections of B. sphaericus that

was isolated from the ‘men’ and observed under an electron

microscope. The cells were that double-fixed with 2.5%

glutaraldehyde and 1% osmium tetroxide fixatives. Bacillus

sphaericus cells were rod-shaped with a normal cell wall and

a normal cell membrane, and ribosomal granules, DNA and a

septum were noted in regions with decreased electron density.

A cross section of the spherical morphology is shown in Fig.

3A. Figure 3B shows ultrathin sections of B. sphaericus treated

with electrolyzed acidic water at 20°C for 0.5 min as observed

under a transmission electron microscope. The arrows in Fig.

3B indicate a decrease in electron density in the septum region

of the mitotic surface. Treatment of B. sphaericus with electro-

lyzed acidic water at 20°C for 10 min decreased cytoplasmic

density, separated the cytoplasm from the cell wall, and formed

spaces in the cells, which clearly show ghost cytoplasm (Fig.

3C). Cells were partially destroyed, and electron density de-

creased owing to the outflow of cytoplasm. Figure 3D shows a

scanning electron microscopic observation of B. sphaericus be-

fore treatment with electrolyzed acidic water. The morphology

of the vegetative cell was a rod, and the cell wall surface struc-

ture was smooth. Figure 3E shows B. sphaericus after treatment

with electrolyzed acidic water as observed under a scanning

electron microscope. The cell wall was cracked and markedly

shrank (Fig. 3E).

The bactericidal effect of electrolyzed acidic water on S.

saprophyticus was investigated. No cell proliferation was noted

after treating the cells at 20°C for 10 min. Figure 4A shows an

electron microscopic observation of an ultrathin section of

S. saprophyticus cells without treatment with electrolyzed acid-

ic water. Saphylococcus saporophyticus cells with a normal

cell wall, a cell membrane, ribosomal granules, and DNA are

observed in the section (Fig. 4A). Figure 4B shows the section

as observed under a scanning electron microscope. The cells

were treated with electrolyzed acidic water, and the effect of

such treatment on the ultrastructures were observed under a

Fig. 4 A and C: Transmission electron micrographs of Staphylococcus saprophyticus. Bar=0.5 μm. B and D: Scanning electron micro-

graphs of Staphylococcus saprophyticus. Bar=0.5 μm. A: Staphylococcus saprophyticus cells before treatment with hydrolyzed acidic water. C:

Staphylococcus saprophyticus cells were treated with hydrolyzed acidic water, and the effect of such treatment on the ultrastructure was observed.

B: Staphylococcus saprophyticus cells were before treatment with hydrolyzed acidic water. D: Staphylococcus saprophyticus treated with hydro-

lyzed acidic water. The arrows show that the structures of cell wall shrank and partially cracked.
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transmission electron microscope (Fig. 4C). As observed in

Fig. 4C, ribosomal granules and DNA were absent in the cells.

However, the external morphology of S. saprophyticus showed

a thick cell wall as in the control, showing that the characteristic

spherical structure of Staphylococcus was maintained (Fig. 4C).

In the ultrathin section shown in Fig. 4C, the surface layer of

the cell wall was partially detached. Figure 4D shows Staphylo-

coccus saprophyticus observed by scanning electron micros-

copy. The cell wall shrank and partially cracked shown by the

arrows, resembling that of unicellular green algae. These find-

ings were consistent with the transmission electron microscopy

findings in the region with the detachment of the surface layer.

Figures 5A and 5B show ultrathin sections of a tetrad,

Micrococcus luteus, observed under a transmission electron

microscope. A normal cell wall, ribosomal granules, DNA, and

a new septum were observed in the M. luteus cells (Fig. 5A).

Figure 5C shows the M. luteus cells observed under a scanning

electron microscope. The surface layer was smooth, and no

deformation of the cell wall was observed (Fig. 5C). Figures 5B

and 5D show M. luteus cells treated with electrolyzed acidic

water for the observation of bactericidal effect. Treatment with

electrolyzed acidic water rapidly decreased the viable M. luteus

cell count (Fig. 2). As in S. saprophyticus, electrolyzed acidic

water induced the appearance of ghost cells with decreased

electron density owing to the deformation of the cell wall and

the loss of cytoplasm in M. luteus cells, structurally showing a

bactericidal effect (Fig. 5B). Figure 5D shows M. luteus cells

treated with electrolyzed acidic water observed under a scan-

ning electron microscope. Compared with the control shown in

Fig. 5C, the cell wall structure was markedly deformed (Fig.

5D).

Discussion

Bacteria are classified into strongly toxic bacteria with

pathogenicity and weakly toxic bacteria (18, 19). The frequency

occurrence of opportunistic infections has increased with

advances in medical care, for example, infection with weakly

toxic bacteria often occurs in patients with organ transplants,

infectious diseases complicating AIDS, and decreased resis-

tance to infections as a result of the administrations of aderno-

cortical hormones, anticancer drugs, and immunosupressors

Fig. 5 A and B: Transmission electron micrographs of Micrococcus luteus. Bar=0.5 μm. C and D: Scanning electron micrographs of

Micrococcus luteus. Bar=0.5 μm. A: Transmission electron micrographs of M. luteus. B: Treatment of M. luteus cells with hydrolyzed acidic

water decreased cytoplasmic density. C: Scanning electron micrographs of M. luteus before treatment with hydrolyzed acidic water. D: Micrococcus

luteus cells after treatment with hydrolyzed acidic water observed under scanning electron microscope. The structures of the cell wall markedly

deformed and shrank.
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for organ transplantation (20). Infectious diseases caused by

nonpathogenic bacteria and weakly toxic bacteria that do not

occur in healthy individuals, and opportunistic infections

by many weakly toxic bacteria, such as Staphylococcus,

Pseudomonas, and Corynebacterium species, and fungi have

become social problems (19, 20). Under such circumstances,

we consider that a prior understanding of the state of bacterial

floras in environments is important for education and the

prevention of epidemics, and for general basic knowledge of

teachers and students.

Kendo players wear ‘men’, ‘do’ (body armor), and ‘kote’

(hand guard) to protect the body. This equipment is used

without washing for a long time, usually until it is worn-out. In

1994, Tabuchi measured the number of bacterial cells adhered

to the jaw region of ‘men’ by colony counting, and investigated

measures for the eradication of bacteria from protective

equipment (13). Tanaka et al. (14) isolated and identified

bacteria from ‘men’ throughout a year using a rapid automatic

bacterial test system, and initially identified the bacterial flora

on the ‘men’. Furthermore, the bactericidal effects of various

disinfectants on the bacteria constituting the flora have been

studied with regard to hygiene, public health, and epidemiology

(7).

In this study, we examined S. saprophyticus, M. luteus, and

B. sphaericus from the bacteria specific to the bacterial flora

on ‘men’ because these bacteria were frequently isolated.

We treated these bacteria with electrolyzed acidic water

and observed changes in their microstructures by electron

microscopy to clarify the effects of electrolyzed acidic water.

About 40 bacterial species were isolated on the ‘men’ and they

belonged to the genera Bacillus, Flavimonas, Chryseomonas,

Acinobacillus, Stenotrophomonas, Corynebacterium, Comamonas,

Flavobacterium, Micrococcus, Pasteurella, Pantea, Pseudomo-

nas, Vibrio, Eikenella, Sphingobacterium, Staphylococcus, and

Acinetobacter. Among these, Gram-positive cocci, Staphylo-

coccus and Micrococcus, and Gram-positive rods, namely,

Bacillus, were frequently isolated throughout the year (14).

Staphylococcus saprophyticus was the most frequently identi-

fied organisum and, accounted for 37% of all the isolates,

followed by M. luteus, which accounted for 34% (Table 1).

Micrococcus luteus was detected at an almost constant rate

throughout the year, showing that M. luteus is the most common

bacteria detected on the ‘men’. Bacillus sphaericus accounted

for 17%. As shown in Fig. 1, B. sphaericus was frequently

identified throughout the year and is considered to be “one of

the bacterial species in ‘men’ ”. Twelve other bacterial species

of Bacillus were isolated. Many Bacillus species are nonpatho-

genic and widely distributed in nature, in which they form

resistant spores. The bacteria change from the vegetative cells

to the durable spore in culture at 37°C for 24 h after being

maintained at room temperature (20–25°C) for 7–10 days

(23). As shown in Fig. 2, the growth of B. sphaericus was not

entirely inhibited at 20°C for 15-min treatment with hydrolyzed

acidic water. Bacillus sphaericus cells can endure severe

environments and are highly resistant to disinfection, dryness,

and heat (23). The high numbers of Bacillus may reflect the

characteristics of bacterial species in this genus. Bacillus cereus

was isolated and identified. B. cereus has been reported to cause

opportunistic infections such as sepsis, bronchial pneumonia,

meningitis, and panophthalmitis. Patients with food poisoning

caused by B. cereus showing diarrhea, abdominal pain, and

vomiting have been reported in western countries and Japan

(24, 25). Thus, B. cereus has attracted attention as a species that

cause food poisoning (25).

Figure 1 shows changes in isolation frequency throughout

one year. The frequencies of S. saprophyticus and B. sphaericus

increased during summer. B. sphaericus produces a foul odor,

and this may be the cause of the bad smell of ‘men’ during

summer. The reasons for the high frequencies of isolation and

colonization (flora) of these bacteria on the ‘men’ are important

and need to be investigated.

Electrolyzed acidic water is safe for human use, but has a

rapidly acting relatively wide antibacterial effect. The electron

micrographs shown in Figs. 3B, 3C and 3E were taken to ultra

structurally investigate the bactericidal effect of electrolyzed

acidic water. A vegetative cell of B. sphaericus was thin-

sectioned and observed by electron microscopy. The rod-shape

and cell structure were maintained, and the cell membrane was

also clearly observed, but a decrease in cytoplasmic electron

density was found in the septum region as seen in Fig. 3B. In

addition, linear structures with a low electron density were

observed toward the inner side of the cytoplasm. In the cells

shown in Fig. 3C, the cytoplasm was markedly altered, and the

cytoplasm and cell wall were separated. The cell membrane and

cell wall were partially wavy, showing good consistency with

the findings of transmission and scanning electron microscopes

(Figs. 3C and 3E). The structures were markedly damaged in

B. sphaericus treated with electrolyzed acidic water.

The bactericidal effect of electrolyzed acidic water on

Staphylococcus saprophyticus was investigated (Figs. 4A–D).

Tanaka et al. (12) reported the bactericidal effect of treatment

with 20–100% ethanol at 37°C for 15 min. The viable S.

saprophyticus cell count rapidly decreased at concentrations up

to 40%, and the proliferation rate of the bacteria treated with

40% ethanol was 0% (14). Based on the proliferation test in

which the removal in ethanol of S. saprophyticus under these

conditions was carried out, the finding may have been due to

the bactericidal effect of 40% ethanol; therefore, the effects of

ethanol treatment on morphology were observed by electron

microscopy (12). Staphylococcus saprophyticus was cultured at

37°C for 24 h and observed under an electron microscope. In

cells before the initiation of division, ghost inner structures

were observed; cytoplasmic ribosomal granules were markedly

lost, and no fibrous structure of DNA was observed. Moreover,

ribosomal granules and DNA fibers were destroyed, and the

outer layer of the cell wall was detached. These cellular struc-

tures are initiated by the stepwise separation of the cell wall

from the outer layer with the exposure of the cells to ethanol

with time (12). The spherical morphology of S. saprophyticus

was maintained even though ghost cytoplasm occurred in the

cells. The electron microscopy findings of treatment with

hydrolyzed acidic water in our study (Figs. 4C and 4D) were

similar to those of ethanol treatment in Tanaka et al. (12). In

the scanning electron micrograph shown in Fig. 4D, pores

were observed in one part of the cell wall, indicating that this

was a structural change caused by hydrolyzed acidic water
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consistent with the detachment of the cell wall from the outer

layer caused by the ethanol treatment in the above report.

Micrococcus luteus is part of the normal flora of normal

skin and is an environmental contaminant in soil and water (19).

It is normally nonpathogenic, but its involvement in opportunis-

tic infections, such as endocarditis, has been reported (21, 22).

Figures 5B and 5D show the bactericidal effect of electrolyzed

acidic water on M. luteus cells on electron microscopy. In Figs.

5A and 5B, Micrococcus luteus was embedded, thin-sectioned,

and observed under an electron microscope. The cell wall, 70S

type ribosomal granules, DNA in the center, and the septum

were observed (Fig. 5A). The transmission (Fig. 5B) and

scanning (Fig. 5D) electron microscopic findings of M. luteus

treated with electrolyzed acidic water are presented. As seen in

Fig. 5B, cytoplasmic structures such as ribosomes were lost.

The electron microscopic findings indicate that cytoplasmic

substances and ribosomes were exposed to electrolyzed acidic

water at specific sites around the cell. On scanning electron

microscopy of these cells, the cell wall was wavy and

depressed, showing marked deformity of the cell morphology

(Fig. 5D). Tanaka et al. (12) treated M. luteus cells with ethanol,

and found that the number of high electron-dense granular

structures increased in the cytoplasm. A similar accumulation

of granular structures caused by an imidazole antifungal agent,

raconazole, was observed in Trichophyton rubrum fungal cells

by electron microscopy. However, such a cytoplasmic accumu-

lation of granular structures was not observed in M. luteus

treated with electrolyzed acidic water.

Some microorganisms induce various diseases, such as

infectious and allergic diseases, in humans. Many cases of

infections caused by bacteria with a low toxicity, considered to

be nonpathogenic and to cause no disease in healthy individu-

als, in patients with a weak immune system have recently been

reported. The numbers of such opportunistic infections have

been increasing with advancements in living environments

of humans and medical care. There are various educational

programs in sport education universities with regard to public

health and epidemiology. Information on the microbial con-

tamination of educational environments and facilities is very

important for education and the prevention of epidemics. To

obtain such information, routine isolation and identification

of bacteria from various sport education facilities and sport

equipment are necessary, and adequate preventive measures

against epidemics should be established. Electron microscopy

showed that electrolyzed acidic water exhibited a bactericidal

effect on the three bacterial species frequently isolated from

protective kendo equipment. The analysis of the bactericidal

mechanism of electrolyzed acidic water on the three bacterial

species is an important subject to be investigated in the future.

Acknowledgements

This work was supported by a Grant in Aid for Scientific

Research (No. 15570054 to Osafune) from the Ministry of

Education, Culture, Sports, Science and Technology, Japan.

We thank Professor Shigeji Aoki of Advance Research

Center, Nippon Dental University at Niigata and Professor

Harvard Lyman of Department of Biochemistry and Cell

Biology, the State University of New York at Stony Brook for

reading this manuscript, and Mr. Kazuyuki Tanaka for his

technical assistance.

References

( 1 ) Kaplan JE, Masur H, Holmes KK. Guidelines for preventing

opportunistic infections among HIV-infected persons. MMWR.

2002;51:1–46.

( 2 ) Jones JL, Hanson DL, Dworkin MS, Kaplan JE, Ward JW.

Trends in AIDS-related opportunistic infections among men

who have sex with men and among injecting drug users,

1991–1996. J Infect Dis. 1996;178:114–120.

( 3 ) Jones JL, Burwen DR, Fleming PL, Ward JW. Tuberculosis

among AIDS patients in the United States. J Acquir Immune

Defic Syndr Hum Retro Virol. 1996;12:293–297.

( 4 ) Slutsker L, Castro KG, Ward JW, Dooley SW. Epidemiology

of extrapulmonary tuberculosis among persons with AIDS in

the United States. Clin Infect Dis. 1993;16:513–518.

( 5 ) Tanaka K, Osafune T, Hakamada D, Shizawa K, Ito T.

Bactericidal effects of evaporated formaldehyde against

Staphylococcus saprophyticus, Micrococcus luteus, Bacillus

sphaericus isolated from the men of kendo. J J Phys Educ

Hlth Sport Sci, Tokyo. 2000;35–40. (Article in Japanese)

( 6 ) Tanaka K, Osafune T, Ito T, Koike N. Bactericidal effects of

the electrolyzed acidic water against Bacillus sphaericus

isolated from the “men” of kendo by electron microscopy.

Medicine and Biology. 2005;149:57–62. (Article in Japanese)

( 7 ) Osafune T, Tanaka K. Identification of bacterial flora in the

men of kendo. Medicine and Biology. 2002;145:5–9. (Article

in Japanese)

( 8 ) Kiyohara N, Kobayakawa Y, Lyman H, Osafune T. Identifi-

cation of bacterial flora in the water of swimming pools

throughout the year. J J Sport Health Sci. 2006;51:1–9.

( 9 ) Mitsubosi M, Osafune T, Lyman H, Matsumoto S, Ogawa M,

Tohno T. Studies of anaerobic bacteria Clostridium tetani

found in the dohyo. Res J Budo. 2001;2:31–39. (Article in

Japanese)

(10) Mitsuboshi M, Osafune T, Tanaka K, Fujimoto H, Ito T.

Identification of bacterial flora on the wrestling mat by the

Auto microbic system. Medicine and Biology. 2003;147:37–

40. (Article in Japanese)

(11) Kobayakawa Y, Osafune T, Tanaka T, Sugawara I. Identifica-

tion of bacterial flora in the Iwai beach. Bull NSSU. 2002;

31:75–84. (Article in Japanese)

(12) Tanaka K, Osafune T, Hakamada D, Shizawa K, Ito T. Elec-

tron microscopic studies of Staphylococcus saprophyticus,

Micrococcus luteus, Bacillus sphaericus cells in the men of

kendo after in vitro treatment with ethanol. Inst Phys Edu

NSSU. 2001;30:297–310. (Article in Japanese)

(13) Tabuchi T. Studies of bacterial number from kendo equip-

ment. Res J Budo. 1996;26:41. (Article in Japanese)

(14) Tanaka K, Osafune T, Hakamada D, Shizawa K, Ito T.

Identification of bacterial flora in the men of kendo of during



Environ. Health Prev. Med. Studies on Bactericidal Effects of Electrolyzed Acidic Water on Bacteria

214

the four seasons. Res J Budo. 2001;34:23–33. (Article in

Japanese)

(15) Lapage SP, et al. Identification of bacteria by computer:

General aspects and perspectives. J Gen Microbiol. 1973;

77:273–290.

(16) Iwasawa A, Nakamura Y. The concept of how to use strong

acidic electrolyzed water. Pharm Tech Japan. 2001;17:479–

485. (Article in Japanese)

(17) Osafune T, Schwartzbach S, Yamato M. Immuno-cytochemical

localization of RuBisCO in the compartmentalized osmio-

philic body in dark-grown cells of Euglena gracilis Z. J

Electron Microscopy. 1996;45:239–241.

(18) Spaulding EH, Traunt JP (Eds.) Manual of Clinical Micro-

biology, Isenberg, HS and Sampson SJ (2nd ed.), Washington:

American Society for Microbiol.; 1980. p. 250.

(19) Boone DR, Castenholz RW, Garrity GM. Bergey’s Manual

of Systematic Bacteriology, Vol. 1, 2nd ed. Berlin, Heidel-

berg: Springer-Verlag NY; 2001. p. 1–721.

(20) Mironov A, Savitskaia KI, Vorobev AA. Opportunistic micro-

organisms in urinary tract diseases. Vestn Ross Acad Med

Nauk. 2001;2:7–11.

(21) Youmeus GP, Paterson PY, Sonmers HM. Staphylococci.

The Biological and Clinical Basis of Infectious Diseases.

Philadelphia: WB Saunders Co.; 1980. p. 629–639.

(22) Wistreich GA, Lechtman MD. Microbiology, 3rd ed. Encino,

California: Glencoe Publishing Co.; 1980. p. 115–159.

(23) Hobbs G, Cross T. The Bacterial Spore, Vol. 2. Academic

Press; 1983. p. 49–78.

(24) Kohashi O. Toda’s New Bacteriology. Amako K, Minamishima

Y editors. Tokyo: Nanzando Co.; 1997. p. 484–485. (Article

in Japanese)

(25) Terranova W, Blake PA. Bacillus cereus food poisoning. N

Engl J Med. 1978;298:143–144.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


