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Bactericidal Effect of Alkalic Electrolyzed Water

KAzuTAKA OGIWARA, TOMOHISA OGAWA, NOBUYASU ASAKI,
YUKIHIRO NUMABE and KyuicHr Kamor

Aqua oxidized water (AOW) and Aqua alkalic water (AAW) are made by acidic electrolyzed
water making equipment ; OXILIZER (OXILIZER Co., Tokyo, Japan). AOW is acidic water
with a pH under 2.7 and is processed by electrolysis through a small NaCl mediated specific
membrane. It was over 1,100mV of oxidation-reduction potential and includes Cl;, OH-, Os,
ClO. AAW is alkalic water with pH 11.

AOW has a strong bactericidal effect on bacteria and virus but the effect is reduced by the
large number of organisms. It has a metallic corrosive function as well as an organic matter
action. There are few reports about AAW sterilizing without a metallic corrosive action. The
bactericidal effect of AAW to periodontopathic bacteria [Actinobacillus actinomycetemcomitans
(Aa), Porphyromonas gingivalis (Pg), Prevotella intermedia (Pi), Fusobacterium nucleatum
(Fn)] and Staphylococcus aureus (Sa) and Escherichia coli (Ec) was investigated. The bact-
ericidal effect of AOW and AAW were compared.

Bacterial strain Sa: 209-P, Ec: B, Aa: Y4 and ATCC 29522, Pg: 381 and ATCC 33277, Pi:
25611, Fn: 25586 were grown at 37°C in BHI (aerobic and anaerobic condition), GAM
contained hemin, menadion and yeast (anaerobic condition), and GAM broth (anaerobic con-
dition), respectively. After washing by centrifugation, each bacteria was suspended in PBS.

Serum and saliva were obtained from one healthy volunteer.

Bactericidal activity was measured by colony count seeding and grown on BHI or Anaero col-
umbia blood agar or GAM medium after treatment with AAW or AOW.

The results were as follows :

1. Bactericidal effect and effective concentration of AAW

Aa, Pg, Pi were killed in one minute (Aa; 108 to 10* CFU/m/, Pg; 108 to 10 CFU/m/, Pi;
less than 108 to 10 CFU/m!) from original 100% AAW, while it took more than one minute
to kill Fn, and Sa and Ec had survived after ten minutes. Further, sterilizing activity decreased
with AAW’ s dilution. AOW shows that a 25% concentration is most effective against perio-
dontopathic bacteria.

2. The effect of saliva and serum on bactericidal activity of AAW

As for Aa, Pg and Pi, the addition of saliva or serum in a concentration of 1% of AAW had de-
creased bactericidal activity slightly. However, the bactericidal activity was completely negated
by the addition of 10% serum of AAW. As for Fn, the bactericidal activity was negated in 1 %
of serumor salivery addition.

Key words : acidic electrolyzed water (G&EE1EEM#/K), Aqua oxidized water (7 7 7 (LK),
Aqua alkalic water (72 77/ 7% YsK), bactericidal activity (GREZIE),
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1. AAW BXU AOW ORREH

AOW 13, B EM/K R EERE OXILIZER OXMO1
(AARA X 54 F—HRE&H) T ER LR, BILE
JEENL 1,100mV PAE, pH 2.6 LR T HABEEZOL D
R EBCHt L. ¥7z, AAW 13 AOW FREERE, [
BRI 2> &[RRI BRER LEBRICHE L7z,

2. (EREH

Staphyrococcus aureus (Sa) 209-P #:, Esherichia
coli (Ec) B#E, Actinobacillus actinomycetemcomitans
(Aa) Y4 #, 29522 %, Porphyromonas gingivalis
(Pg) 381 ¥k, 33277 #k, Prevotella intermedia (Pi)
25611 #, Fusobacterium nucleatum (Fn) 25586 #£MD
6 HifE, S8HHEBA L.

3. HOEEHAELTORAREZE

Aa B 5% Yeast (Difco., USA) #shn BHI ¥k
¥ (Difco.), Pg 3B XU Pi 131 % Hemin (Shig-
ma. Co., USA), 0.02% Menadion (¢HAv2E, HA)
I GAM 74 3 L RfEEH (= v 24, EK), Fn
1X GAM 71 3 LM (= v 24) & ZhZHhH
v, HRRAR Y 7 AP THR AT T 37°C, 24 Il
#EAToTc.

Sa 3 & O Ec 1%, BHI #{&#5# (Difco.) & V>, #F
KT T37°C, 24RpiERE T o 72,

3%, 10,000 X g, 104381350 L TR L, phosphate
buffered saline (PBS) Iz T#i§#%, PBS i THIRL,

SRy vk ) BREAKOBREHRIC DT 131

SNIEEERE Spectronic 208 (BEERUERT, HHD) 121
% 540nm T optical density 2% 0.3 f1¥T, TAabbHAR
5231088 /ml DOEREIE S HE L.

4. MBFBLUCBRBORAR

ERMEE, BRACBEREEEDNIRT L T4TH
FEEE» ORI L RBME Y, BEICE- THREL
Iz.

MR IE, 2MER % 10,000 X g 1 T2043 30 Uiz BiF
BER L.

5. AAW B&U AOW DOEBEDREFRIZKLDIH

WZDONT

SRR IE, EBREL LT AAW Fkix AOW
Rk, HEIBEES0% AR, 25% A% 0.9m/ & #ind
HsREWE (1088/ml) 0.1m/ DLF 1m/ & L7z, XHRE
721k AAW B X0 AOW oFRicix, EBEAEkE
AL

FiE, FEEGETIRBIT 3=RICTTY, RICHLE
1, 5, 105514 D RISHE & SHIC A L 7235 # Tl 1065
BB, ERER spot i TEREE RO, T b
LIERTHIE LI AR R 1000 TOWTF,  Aidss
BEMHET T2 ~4 HHENER, Bohikcarn=—%2 K
i colony forming unit/m/ (CFU/ml ; £Hi¥k) ic#E
L, AHEARKD O BARR L iR L TCHEL 2.

Aa B, Sa, Ec i, 1.5%%X (BBL, Co., USA) &
A BHI ZFEXREHIEH, Pg H#B X O Pi icid Anaero
aw L V7 ¥k % K R s (BBL. Co.), Fn &
GAM JEXRFEHIEH (=v 24) LRV

6. AAW BLU AOW DOXEMRICBLIFEITER

FrEmFEOHEZONT

AAW B XU AOW iz xR L LT, MERE
MEE KRR RED 1% L < i310% & & FRnL AR
BoEEREL .

7. AAW B LU AOW 0 pH ZT{EIZTDOWT

HEMETFTTO AAW 5L 00 AOW @ pH %, #HAE
EMEEFEH L ¢34 pH 2 —#% — (Beckman, ¥i) 2k
YREE L 7.

FME %O pH X, AAW 5 pH 12.0, AOW 28
pH 2.5Th o7z
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£ 1 AAWBIU AOW OEFERIFE
FARERD AAW RUSEB (5) AOW RUGERR (43)
B OfEE R
(CFU/ml) 1 5 10 1 5 10
S. aureus (Sa) 209-P 2X10° 8x10" 8x10" 6X%10’ P b3 *
E. coli (Ec) B 1X10° 5X10" 8X10° 1x10° ® ¥ PS
A. actinomycetemcomitans (Aa) Y4 6X10° 6X10* % ¥ P P %
A. actinomycetemcomitans (Aa) 29522 6x10° 4x10* ¥ * % * X
P. gingivalis (Pg) 381 5x10° 2X10° % ¥ ¥ P P
P. gingivalis (Pg) 33277 5%10° ¥ ¥ ¥ P b P
P. intermedia (Pi) 25611 5%10° P ¥ P % * P
F. nucleatum (Fn) 25586 2% 108 2X10° 1x10* % X b3 X
¥ BHE¥ (CFU/ml)<1X10°
£ 2 AAWBIPAOW OREDHRICBIIZTHFRICLLE
HEMK FAREHEO AAW BUSEER (4) AOW FUGSEEH (45)
HIH e =33 HERE
(%) (CFU/ml) 1 ) 10 1 5 10
A ” : ” TR 6x10* * * % 3 *
: ?2:)20;3 cetemeomutans 4, 6x10°  5X10° 8x10° % % % %
25 6x10° 8Xx10’ 6X10" X x *
A. actinomycetemcomitans ik 410" * x * 8 8
) 295y22 50 6x10°  5Xx10°  1X10° 3¢ % % ¢
25 5%10°® 5%10° 2X107 * * *
P. gingivalis B 2X10° BS x * X X
'é(’Pg) 281 50 5X10°  4x100 B B 3% %
& 25 AX10°  4x107  4x10T % %
P. gingivalis R ® ® ® x * *
+ 815 50 5x10°  4x100 % s % % %
(Pg) 332717
25 5%10° 2x10° 4x10° * * B3
P. intermedia
. 50 5x%10° 2x10* x x * * *
(Pi) 25611 : : :
25 3X10’ 2X10° 3x10° * * X
F nucleatum T 2X10°  1x10* b3 b3 P Ps
’ 50 2X108 810’ 4x10° 4x10* * * x
(Fn) 25586
25 2X%108 2x10° 2X107 * * *

1 43LAN 1z A B3k 28 108 CFU/ml LR EE L v
ERO. & bz, Pg38l #Tix1 4 T AEEEN
103 CFU/m!/ £ T, Aa#td 1 5B AR 2310 CFU/
ml ¥ CEYERLE.

LaL7%ain, Fn TRERKOEZELCVWEVE 550
25 LA EORFHIZE L, &5Hic Sa LU Ec Tik 10
SHETHLELVEDEBD R 57z,

¥ EF% (CFU/ml)<1X10°

¥z, AOW JFUR TIXIRMEET o & BHE» 15
LINIC10® CFU/ml PIFEE LV D &R 7.
2. AAW B XU AOW OEFHRIZBLEFTER
Ick28% (%2)
AAW RS BB % R U -t AR IR 1 o
WTRF L7z,
AAW 50% 7Bk Tix, Aa#tf, Pg B, Pi 0AEK
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£ 3 AAWBI U AOW DEHEENOERIZ L 5
wipans PREEO  AAWEUEHM () AOW KISEN (5)
I OF (%) ER
° (CFU/ml) 1 5 10 1 5 10
A ot t . 0 6x10* % % % % %
: E’z ”)w;:‘g cetemcomitans 6X10°  Tx10°  2X10° % % % %
& 10 1X10°  1X10° % % 3% ¢
A ot t ., 4x10* % % % % %
: (a N ‘?Ogg%;e emeormitans 6x10°  4x10°  1x10° % % x %
& 10 4X10°  2X10° % ¢ ¢ 3%
P ineivals 0 9x10° % x % % %
: f;ng)wggis 1 5x10°  4x10°  1x10° % % % %
g 10 6x10°  2x10° x % % %
P vinsivali 0 % % % % % %
: ‘g(”;”g)w;;f” 1 5% 10° % % % % % %
& 10 5%10° ¢ x % % %
P. intermedi 0 * ® * o ® ®
S 25611‘1 1 5% 10° % % % ¢ % ¢
10 2% 10° % % % % %
. weleatum 2%x10°  1x10° x % % 3
. alu
(Fa) 25686 1 9x10°  2X10° 5x10° 5x10° 3% % %
10 9x10"  2x10" 3x10° ¥ R %

# AAW FUELRBEETHLES & 5 01458k
DO % XFL Lz, & 52 Fn T, 1045%TH
10t CFU/m! DA R Hivlz.

%7z, AAW 5% 7RI Tix, FLVAERRORD %
BDORPo T,

—7%, AOW TiE25% AL TH, 1 53LAPITaisi
HETOARE103 CFU/ml T LEE LR D & &
Iz.

3. AAW BXU AOW OBEMDRE~DERIZELD

gE (%3)

AAW  JFHEAS BBEENF %R L -t AR IR A i o
WTRE L 7.

Pg 33277 ¥ LU0 Pi Ti, MERZ 10%IRMLTH
AAW g & REED AER oD & Boiz. Lrl,
MEWE 1 % O Hc kY, Aa Bk X O Pg 381 #RTix
543% 110t CFU/m/ 0AFE¥%, &5ic Fn Tk
1055% T3 104 CFU/ml o4& E #hF R Lz,

Zhzxt L, AOW TIRMERRLI0% DIEMTH, 14324

NICHRMBEE T EE%%E108 CFU/ml LIF & # L
WP s

¥ £ (CFU/ml)<1x10°

4. AAW B XU AOW OFBEDR~OMFIZLS
BE (F4)

AAW J5E A BRE IR % R Uiz #EEEAE R I -
VTR L 2.

Mg 1 %o X v, Pg 33277 BB X O Pi TiF,
AAW  JiE & [RERD R OB & RToic 1 4Lk
D EZSBEL L=, ¥72, Aa Bk X O Pg 381 ¥
Tk 5 5% T 102 CFU/ml 04&#E¥%E, X biz Fn
TIX1043% T % 105 CFU/ml 0&FE Rz h ZhRL
Iz.

—%, AOW (&, i1 %DM TLA B Th 3
AOW ik & RIBR DB IR & R LT,

LA L, MiEL0%DIRIMNTIE AAW,
B OB 2B b7z,

5. AAW B&LU AOW 0 pH Z{EIZDWT (F5)

AAW o pH (AAW J5ik ; pH 12.0) 1%, 25%7
Rig<d pH 11.1 offiz Rz L. LaL, AOW Tik
25% M T pH 6.9 LA 0, MRE & bic BT 3
fHim & R” Lz,

¥ 7z, MEHR10% OESIICIMLIE 1 % DIRMTIX, AAW
25 pH 11.04}3E, AOW Tix pH 2.6 f3EDME % 7~ L

AOW & b4
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£ 4 AAW BLU AOW OREZE~DMIFIZ L 2%

LT Sl

AAW RUSERE (43) AOW SUCEEH (43)

MBS (%) ERH
(CFU/ml) 1 5 10 1 5 10
A tinomycetemc it 610° * o * * o
. ?1::; Y4y emeomitans 1 6x10° 2X10°  3x10° * X x
10 6X10° 6x10° 6x10° 5x10° 5x10° 5x10°
A. actinomycetemcomitans 2x10° 5 8 * * *
) 295y22 m 1 6x10°  5X10° 2x10° % % ¢ %
10 5X10° 5X10" 2X10" 5X10° 5X10*° 4x10°
P. gingivalis 0 2x10° % * ® ® ®
'fpi o 1 5X10°  4x10°  4x10° % N % %
g 10 5X10°  5Xx10° 5x10° 5x10° 4X10° 4x10°
P incivali 0 % % % % X X
: ‘f;"g)wga;; 1 5x10°  1x100 % % % %
& 10 4x10°  5X10°  4x10° 4Xx10° 4X10° 4Xx10°
% x % % % %
P. int )
intermedia 1 5x10°  3x100 % % % %
(Pi) 25611
10 5X10°  5X10® 4X10° 4X10* 4x10° 4x10°
0 9X10°  1x10°* s % ¢ x
F. nucleatum
1 2x10°  2x10° 1x107 2X10° % % ¥
(Fn) 25586
10 2X10°  2X10%° 2X10* 2x10® 2x10° 2x10°

£ 5 AAWBIUVAOWOERIBEHT THOpHEL

8 R G4 AAW AOW
A B ALK 7.0 7.0
JE 12.0 2.5
50% A BRI 11.4 6.5
25% A 11.1 6.9
TR + 1 9% MR 11.7 2.5
JEHE +10 % M 11.3 2.7
JEHE +1% ML 11.2 2.6
JE %+ 10% i 10.0 5.6

7, MiE0% D I X Y AAW A% pH 10.0,
AOW Tk pH 5.6 Offiz R L7-.

£ ¥

G H, BExBYYEICT 1AM E LTHAEDE O
Exdeah, BHAEEPBREIATVS. 2, %
D—F5TRRE O MRS LB bhTws. &
biz, AF¥ U UMMET K UskE (MRSA) JRYUE %
U4 VAMEBRTH S HIV, MEFEREDR, AR

¥ £®# (CFU/ml)<1X10°

b LTHBELR>TV 310,

5, $REERTH & RERE T ARk S LR FH D A i et
LTREME L T2 L, HRR o HRERICE
FAEMELRD STV S, LA LZoAicEL,
FHERCESRICHT 2 Ee LEL T 3M8EALH 5.

Z T, AERTIZ AOW AR s S5 5
nNo, FRERRER X Y, SRERIER O 2 v
AAW o BEDREMBD L L bic, HEAKBICHT S
WEHA~O7 7 —5L LT, {LIEMERLBEE T3 Sa
BLOS 7 LEHEORRIFEEEHO—D>TH S Ec &
SHRMERE L L, hERIEHME T 2 REDRB X
UEEDRA~OWERR, Mk 2082 REL, AOW
DOFEBRNF L ik L 7.

AAW JFikix, 105% T L BMERTH S Sa Bk
W Ec 0EEEEE LIPS ERP o7 DT X L,
Aa ff - Pg B - Pi % 1 yfite TR LUF o £FE
TELAHD S EMARFEDRE T L. L L
5, Fn BAEROELVEBLEHB 50125 HL LD K
MalEe Lic. &6ic, flic X 28% Rat Lick
B, S0%FRIETH AAW R OBERE & FIRED
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LLbENRETFT Th o723, BBHRETIHIELA
EREHRE RS IlroTe.

Zhicxt L, AOW TiH25% ARG T b5 Ml i &
ToAERE 1 HLINIZ10% CFU/ml UTFE#E L < B
HEFT.

WA EE ORAEBHIEE, HEE kLT pH
NEL Y, R ERFEEWE b R 7 b Y I oREEE
FierEzbn5, AOW LHBELT AAW 35H
ABFG b DD, 50%FBRILLL L DOWREE 2% b Ui B JHHA
BB IS 2R ESR e A TE 3 L bR

BEPRE R LA D= XML TR 22,
50% Ll DBER Iz BT 5 AAW TRESELED SR
72z Lix, AAW o pH BE0FE pH XD bEWVT
LT A h Y thic X 2 EEREER R X OARIERE
i2BIF 3 H: ® OH @ ofihnHigs .

sbhiz, AAW o BEHENEEIC L > TELHED
ez bix, FRAEhOER b OEREREDEV 0L
DR & LTz,

$72, AAW % #FWRT 52 & TREEMET L
2, ZoBo pH L bI2iETFL, BRELTHE
NEOEFIITZ SN BRIEL e o FTREME DB X DL
7z.

IR ORERIZ, AAW i AOW L [FIEE, #JEYHIK
HHEOREICEDTh Y, AREKICRIT 2HREMK
(AAW 5 XU AOW) &MY BB, E Lz ZE
Ba B s RO HAAEE Ly L Bbihv.

Wiz, AAW 35 XUV AOW D OfERNIEH D7 7' v —F
L LT, BEHRCEIETER WEORBERIIL
iz,

AAW JEEICERR 10% S L < idMif 1 % o @ T
1%, Aa Bt - Pg B - Pi & 1 0% T, KPEEUTO 4
B E TR S B0, EESEEZ ML Ty v
AAW R L W3 3 L 2 OFRE IO THIETL
7. ¥z, Fn TRREEREL0% L < i2iiE 1 % o Fnic
I VIO HTHRRER AR ETRL, REDROET
»RDT.

Zhizxt L AOW Tik, & T ORI 38\ T
10% % U < 13 i 1 % s & 2837 T ILEE
Db otk

LaL, 0% 0ENTiE AAW, AOW b 4
B OB RED bRT, &b EEDELTRITHE
L7z

WERSP ML & RN+ % 2 & TREKFRIC AAW @
BEAPMET Lo, FEO— & U THERS MIFHR
iz k3 pH oZfbb#E 2 o, pH oEBizb T

By v BREKDRE

WO T 135

INThH ol L LREHOETOEBENRFEETH S
LIFEZEN o b I—FH T, WESMIFEF OEARE
B (EEW%10% ; 0.2mg/ml, 1i%10% ; 7.0mg/ml) 23
AAW OTREREHRMEIRE® (AAW o pH 10.0;
11.2mg/dl, pH 11.5; 21.5mg/dl) @2 T 72 T &
R, MERCMIES BB BT, BosBRELrEL
TWBOZ LR AAW o BEHE2 KT S¥RA
ML LTEL LML

¥72, AOW icoWTELETiz, ZOFEZE L HR
T X AR, WERR - MBI X BEEERED L, RER
TbAEDREE S B, & big, AEBRTIX Pi % strain
DRAB Fn o ThkEzMz, AOW o HZH
Rl

DI EOFERMNS, invitro 72 28 b BEEER BT 5
AAW offfix, AOW L[lkE, hHEAKERLED O
WEBOTH;, AE~OICHORREEEZ R L. LD
U, BRSO 2T5E, Fn BNEET ZEA0C X3
BIFEHR MRS RICHEET i~ DA, %
RS AN ETH R EOREENILETH L LE2 LN
7. k70, EA~OHAL LTIRZZHA, pH 2307k
VA B Y flicECTV BT e D, REEELEBE
LAThER BT, SHBMET_EMETH L LEDN
7z.

® W

1. AAW OFBEHRICONT

AAW i3 AOW L [Akk, #EWREMEME (Aa, Pg,
Pi, Fn) et LCREDREZTTLAHL v & e -
7o A bicF OBREREE, AOW L Hlkd 5 L #ih
ARG, 5 HLRNICED b,

L» L, Sa, Ec izt 3%%i3020o7.

2. AAW OREHRICBLEFTERS LVMEICD

WwT

Aa, Pg, Pi ekt 3 AAW OFEBIE~DOFER,
S A 0 1/108 OMERRS> 1/100 B O IfiLiE Tidb 3 2
<dhote. LinL, Fn Td RS MED FECLY
AAW OFEHHBET L .

¥ 7o, RSB R O 1/10B o fiF0fFEic L V), AOW
LRI 7 OBE HTERIER L.

X B

1) BHMLE, i BB X 2REDR L
ERIFVEOMF. WIS 1995 37:152~
161.

2) WHE—, i BREELD O A BALELA D
EEHE. HWRE 1994 37 : 755~765.

3) HRER, 77 7 BALKOTIMAEDZIR.



136

4)

5)

6)

7

8)
9
10)

11)

BRI 1993 37 918~919.

SRR, fih: 7 2 7 EME A OFAEE 1
TUTFRYUANR, iR, BEIC X T 5 1E
. BEIR L 4% 1993 20 : 469~473.
WEHEE, it 0 OXILYZER 2 X 3 EMEA DS
BEE~OIEH, F—# A>T,
mhfEEk 1993 37 : 921~927.

EKFEE, M BARIC L SEMLEMRADOEY 4
R, BHEER L OREEOER. WY —
F 1993 37 : 1055~ 1060.

EAR(ER. i EERAISE AR 2 B
KORGEIZ ST, e 1994 14 : 125
~131.

FEEA—, fih : SREEMEK O SRR T 0.
the Quintessence 1994 13 : 33~40.
PEEH, i 727 7Rk 75— 2
Hlhs. PHHEE 1994 35 : 692~697.
NERZ, i FIEOWFHICB T 57 2 TRME
KOZNE. ¥ 1995 82 : 14€0.

HEFE, fh 7 7 7 RBILKOMER P LA
MERBEREICE XIET 8 (F—H) 77 7Rk
KEWBEOMEREH PMN OBRED 25 {k. H
HfREE 1995 38 : 91~98.

AR, fih . 7 7 7 Bk OMERE T SN

it

13)

14)

15)

16)

17)

18)

19)

Vol. 15 No. 3 1996

MERBEAEIC 3 L ETE T8 77 7Rk
KEWHE OMERE PMN F-7 7 F LB 0%
fb. HifRiE 1995 38 : 154.

IR, M SERIRE T 57 7 T EE
KROFKBIR. FigAdE 1995 16: 19~27.
HIHEEE, fh : SRHEF 3 1 2 BELAK OB
RIEMOMREMZH 2 (2). HRAEY 1995
85 : 395~404.

EFUIE, M MR - DERSMRMER Y I B
% BRE D R & B AL o FH
1993 19: 83~091.

EFFRE, filh: Part 4 MRSA O#HFILE 4% D
Bt PIRRYER 1 58 (6). e pNIRIL) Lk 0> 37 3 o
b AH i) e HER () ol FoprEY
1993 49 : 1009~1014.

Kieser, J. B., et al : Periodontics. A practi-
calapproach. Wright, London. 1990, 26~ 29.
&M, M WmEtko s KTy 2L B
#t, 1995.

KIEFNZE, fth : Actinobacillus actinomycetem-
comitans, Porphyromoncs gingivalis, Fuso-
bacterium nucleatum (2% ¥ 2 R 1R D
TEVERRRIEA: & % - RRERICB L EFTHIK, 7t
RO, HHHzE 1995 37 : 628~640.



