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INHEREEEMLEZONTEN®, EHUTHLINEH
WOREIZL ) ZORBHEIEFELLET T 5. —H, BE
BrSERSNEZT VA )VEERK (LLT7IVHYK) IE pH
P11 ET VA ENEBVLD, Kk, HFECHELCE
B OBREIIHFEIN TS, HREBPHEFHO-OICHEA
DHEEFFER SN TELI®, BREBLUVHEDHEEICF
HT&3 LW RETHEPLBEAMSROLA TS,
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B - WELTBY, MEMAFEOFRL 2T b
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1. fERERK

EWAKERKE (k&4 3 ERAKR L4, ROX-20 TA)
PHOERINIZT VA YK (pH11.5, BILETEN
-820mV) B X UMK (pH2.6~2.7, B{LRITEM
1,100 mV, HXhEFEEE 36~40 mg/L) #ARERRICHLL
720 XERHFBR E LT, AREKIBE % 100 mg/L 1A
BL-REEERT M) 7 A (BREEKRASH) KB
W O(CREAK) 2EHALL. B, WFholmd ERER
WAL 72,

2. ERZENTOHHERAR

1) AERE#

Staphylococcus aureus 209 P JC-1 #k, Escherichia
coli NIHJ JC-2 %, Salmonella typhimurium ATCC
13311 ¥k & BV 7z,

2) fFEFEM L ERGHE

MEZNESELEMELT, A7V LAMK (30x
30x0.5mm), % 4 V/hF (30x30x5 mm) % & USIZ#
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—+ (30x30x1 mm, 4 HMER) EH\/ B, 2h
LOEWDI L, AFVLARESANEIHFIAY Y=L
WCANTHERBEL, ¥—¥RAFFIAVr—VIZANRT
BERSRAE L 2o #Ic BRI L2,

HBORAPL L SICHORM~DN FHER, 21l
BA A BV T ARy anRMeE 0 REN (PBS,
pH17.2) v VTl (FCS), ¥5F >~ (GEL) &
JURAFLINY (SM) #01% b L Cid1% A7
BHICSHOE % 1x10°CFU/mL 2% 2 & 5 I2iPilE &
7%, FAREHTHML, 5MEOMHENNL 2 5
x10‘~5x10°CFU/mL)s XK\ T, LilOHEHEM (R 7
YVRA, #40, H—¥) 2220mLO¥EPICERT
30 S RABERICHEAOH L THHSE, MHENET
BE L7

3) HERERE

BERBEZRLEEMICOVWTEEY O H LTINS
RBYERLL. 4205, UALIIMNKOATES
B, AHEH2RIT7TVA)KDOATHE, NH3 I3 KREK
DATHE, NH4IBERKOATHEKE, LH53T
NVAYK, BRK, BEKOEISKEL:. B, T
NORBLERy PR L TEMKEZ 10 mL D
#T10~15 BRIV L7, 4L, A—+Fid10mL
OWHERIZ 10~15 BHMRIEL, BEIRELA, HER
Biz3m#ghEL,

ARBOBEIX 1~5 DNHEKE, BEMZRE S v—
LICBL, 272bI2#X (HK, 9ecm ¥ v— V) RM@
A% 7%, 37C, 24 BFHERL, Ju=—¥25b
EEMBL-VOERBEEEL, %8, Ju=—»@
BLCHETE do7-BE&ICidau=—¥%>1,000
L L7 SEOEBRTEHEON-EFNFLOLEKZD IO
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EOIUZ—HERBT A LI W EEHREHE
L7
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ROBMAL S PICRERMOBEEZHRICLT, EEK
ETNAVKIZE BHEEHREKREKREHNERDS
EeEL .

1) EFEEHE

HAEWRBEE LTREMDRELZLUTO L ) ICEM
L7=%, $hbb, MO, KEIXUHEZEDORE
100ecm?* % X Wo 74—+ (10x10cm % 3x3 cm
fHEL) 2K VILX—} 80 % 0.05% & PBS 10
mL EHLIEED LAFEZ VL (HMo%ai
10x10 cm % #E# 100 mL THEWVWH L 72), #RiEFH % &
BHICARLEZAZh 2 ZEERFIR (HK) 0.1mL
Bikg, 35C, 24BEMBEEL, AL =—¥2bH
—BHEREEEL. KBEBOBEE B 1 mL %
FVEFyal— MEXEM (HK) 15mL & BREE

L 24 IR 2 L 7co Ko/l Lcifita oo = — & W
ELUMRBHALH 72 ) OMK B E RD Tz,

2) BIBRN ORI S i A AR

DERDBHE & DIMD DI HNEEN S T EE
LW (Z7ay, K, WMo T, Be#t, 738
b, Ty r k) CBWT, KN, XD, ER%
OMALINIE A LIcH U SN, HMIEBE X
o R B M0 L 7o R S ILIPERD THTUL F &
AT o e Thabh, ERKICKEKRTHECRL, I
HHMTTI v v 7k, KBKTTT W BBAIC
S B - AL R KK L R DR R RRTEAK &
TAAYKICMRATERL 2 %, SMAOMAIRIZ
AiEAKERE Le SNODEE - BRI - A
MABERDHIEB KM L 7ze 2B, e & B
i3 10 L/m* ‘T 60 #IN¥EH L 7=,

3)  MALTARCHT B AR

BMEBATLHREPOFRME ST L HEDR LA
Too Thibb, 7V8RESHICBATILREIIBVT,
VEERT, 1E¥Erh, (EBoRARE Hh, AR, 27,
F) 100cm® (72U, ATixek, FHIF¥ELE)
ERENY, —BAAKE KWEREENE L. %k
FHiEGREABEIUERAKEHCLIHELHERNDT =2
T LZA o T o7ze. Thbh, fEEPIIKEKE
¥ UL BB EITV, (E¥EKIIAKEK TR & KE
KCHFEL BRKIZOVWTIREFTZAAIALS D
VL B®BEITOROTKEKRTHRIBEET AL H
Too BTBLUFRHISLEHAEHCTHEFELLL
bBLT30H, Mz 1.7LT108b ALV L. 2B,
CHOHDO%SE - RERIERF - AWIHEROLEED 12
EhL 7o
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1. EBRFENTOHERR

0.1% & %\ 1% 1% SM ifhl PBS |2iE S €7 ® % R
TYLVANE, SANVPRRLTIIH—BIIHESET
EKCTHELTOREERAR. TOKE, 0.1% SM
MPBS THABLI-EHEM&FSE-EHOHFERART
i, WThOBBOERAB L U7 VA ) KB
HEL TREKRS & O K EMLE TRV EERD R
EooNiz (Tablel)o T/, 7 H Y KU |2 HEH
KEBUAKTREL - HEERBUIT O~BMIcHI L
2o TNENORBHOAFEBOMB L BT 2L, ¥
1 VR EROBERDENIZL Do,

1% SMIMPBS CHE L -HB 2 E S EMHD
HEABRTIZ, 0.1% SM I PBS # W /2 &ic 4
BEAPEL ML (Table2)o L2 L, 7 Hh Yk
MEBRICHEBK E MK TR L 25580 KIE 0~
B0EEETHY), KBEMEVEENENAD SN,
REKS & UBRMKEMLEIZ, SMIRME 0.1% D3
BT V) KALEB I RK & K TOLER L - B
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Table 1. Electrolyzed alkaline and acidic water disinfection in PBS supplemented with 0. 1% skim milk
CFU/material
Bacteria Material

non treated T1 T2 T3 T4 TS
stainless steel >1,000 >1,000 198.0 9.0 1.0 0

E. coli NIHJ JC-2 ceramic tile >1,000 >1,000 476.3 11.7 12,0 3.7
gauze >1,000 >1,000 >1,000 1.8 0 0
S phimuri stainlessateel  >1,000 >1,000 208.3 8.7 1.0 0

Ang 1’;’;‘;’1‘“"‘ ceramic tile >1,000 >1,000 586.7 14.7 9.0 1.3
gauze >1,000 >1,000 >1,000 0.3 0 0
stainless steel >1,000 >1,000 138.7 12.7 1.0 0

S aureus 209 JC-1 ceramic tile >1,000 >1,000 858.7 25.7 15.0 3.0
gauze >1,000 >1,000 >1,000 0.7 0 0

Electrolyzed acidic water (pH 2.5-2. 7, 40 ppm of dissolved chlorine). Electrolyzed alkaline water (pH 11.6). CFU: colony-
forming units. The test material was soaked in bacteria (1x10° CFU/mL) suspended in phosphate-buffered saline (pH

7.0) supplemented with 0. 1% skim milk for 20 min, After removal, the material was gently washed with 10 mL of each type
of water for 10-15 s. Treatment: T 1: washed with distilled water; T 2: washed with alkaline water; T 3: washed with sodium
hypochlorite (100 ppm of dissolved chlorine): T 4: washed with acidic water; T 5: washed with alkaline water, distilled
water, and acidic water. Data are presented as the mean of three experiments with triplicate determinations (n=3).

Table 2. Electrolyzed alkaline and acidic water disinfection in PBS supplemented with 1% skim milk
CFU/material
Bacteria Material
non treated T1 T2 T3 T4 T5
stainless steel >1,000 >1,000 >1,000 28.7 19.0 2.7
E. coli NIHJ JC-2 ceramic tile >1,000 >1,000 >1,000 200.0 179.7 24.7
gauze >1,000 >1,000 >1,000 18.0 12.7 0
S typhimurium stainless steel >1,000 >1,000 >1,000 30.7 40.7 2.0
Ang Laa1t ceramic tile >1,000 >1,000 >1,000 193.3  168.7  31.0
gauze >1,000 >1,000 >1,000 28.7 41.0 0
stainless steel >1,000 >1,000 >1,000 66.3 69.7 0
S. aureus 209 PJC-1  ceramic tile >1,000 >1,000 >1,000 194.7 217.0 7.7
gauze >1,000 >1,000 >1, 000 23.3 29.0 0

Electrolyzed acidic water (pH 2. 5-2. 7, 40 ppm of dissolved chlorine) . Electrolyzed alkaline water (pH 11.5) . CFU: colony
—forming units. The test material was soaked in bacteria (1x10° CFU/mL) suspended in phosphate—buffered saline (pH

7.0)supplemented with 0. 1% skim milk for 20 min. After removal, the material was gently washed with 10 mL of each type
of water for 10-15 s. Treatment: T 1: washed with distilled water; T 2: washed with alkaline water; T 3: washed with sodium
hypochlorite (100 ppm of dissolved chlorine) ; T 4: washed with acidic water; T 5: washed with alkaline water, distilled

water, and acidic water. Data are presented as the mean of three experiments with triplicate determinations (n=3).
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BIWRLALIIC, HROKEXKEHCHUBEETIE
HUBOHEIREL TOHT7 VA ) KB L UM
TUETHZLICL Y EBHPEA L7 T/, Table4d
WWRLAZEIIZ, K- RO TPICERON-KBEER
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Table 3. Number of bacteria recovered after washing and Table 4. Number of coliform recovered from materials in the
disinfection with water or electrolyzed alkaline and kitchen after washing and disinfection with water or
acidic water electrolyzed alkaline and acidic water
Log CFU/100 em* Log CFU/100 cm*
Material after Material after
before tap electrolyzed before tap electrolyzed
water water water water
Floor (fish handling area) 6.32 5.92 4.36 Floor (fish handling area) <1.00 <1.00 <1.00
Floor (cooking area) 4.04 5.156 2.86 Floor (cooking arca) 1.48 2.00 <1.00
Wall 5.04 2.30 2.64 Wall 1.78 <1.00 <1.00
Shelf 5.95 2.52 3.587 Shelf <1.00 <1.00 <1.00
Rack 3.15 3.08 <1.00 Rack <1.00 <1.00 <1.00
Measuring rack 3.83 2.00 <1.00 Measuring rack <1.00 <1.00 <1.00
Aluminum container 5.57 6.11 4.16 Aluminum container <1,00 <1.00 <1.00
Sushi robot 2.11 2.32 1.48 Sushi robot <1.00 <1.00 <1.00
Apron 4.93 3.60 3.23 Apron <1.00 <1.00 <1.00
Handle of refrigerator door" 4.00 4.56 2.28 Handle of refrigerator door" <1.00 <1.00 <100
Rubber boot*' 6.96 5.30 2.98 Rubber boot* 3.28 1.00 <1.00
Handle of cold table" 3.04 2.85 2.23 Handle of cold table" <1.00 <1.00 <1.00

"logiw CFU/material. *log., CFU/25 cm®. CFU: colony-forming
units. Each material was washed with tap water or electrolyzed
water (alkaline and acidic water) based on daily cleaning using
tap water at a public market in Toyohashi City. The CFU of
bacteria was determined by Udagawa surface-wiping™'. Data are
presented as the mean of three experiments with triplicate
determinations (n=3).

"logi.. CFU/material. *logi, CFU/25 cm*. CFU: colony-forming
units. Procedure: See Table 3. Data are presented as the mean
of three experiments with triplicate determinations (n=3).

Table 5. Number of bacteria recovered from materials at each work step

Log CFU/100 cm*
Material washing during work after disinfection
before during
tap water EW SH EW
Cutting board" <1.00 5.15 4.82 <1.00 3.48 1.70
Cutting board” <1.00 3.40 3.58 1.30 1.48 1.48
Handle of knife''* 2.28 4.45 5.15 3.79 1.95 3.56
Cutting edge"* 1.00 4.53 5.0 <1.00 1 <1.00
Handle of knife * 2.88 3.23 2.63 3.41 3.04 3.96
Cutting edge” * 2.41 2.58 3.26 2.52 2.56 3.30
Hand"* 4.75 3.65 4.75 2.83 4.68 2.45
Hand” " 4.04 3.18 2.72 <1.00 3.30 <1.00
Dish towel 4.92 3.56 ND <2.00 2.30 <2.00

YFor cutting whole fish. *For slicing fish meat (sashimi). ‘logi CFU/material. ‘logi CFU/hand. CFU: colony—forming
units; ND: not done; EW: electrolyzed water; SH: solution of sodium hypochlorite (100 ppm of residual chlorine). Procedure:
Materials were washed with tap water or electrolyzed water as in usual daily cleaning. Data are presented as the mean of

three experiments with triplicate determinations (n=3).
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Table 6. Number of coliform recovered from materials at each work step
Log CFU/100 ¢cm*
Material washing during work after disinfection
before during -
tap water EwW SH EW
Cutting board" <1.00 1.96 1.48 <1.00 <1.00 <1,00
Cutting board” <1.00 1.00 <1.00 <1.00 <1.00 <1.00
Handle of knife' <1.00 1.90 2.60 3.30 <1.00 <1.00
Cutting edge' * <1.00 2.69 2.20 <1.00 <1.00 <1.00
Handle of knife’ * <1.00 1.00 <1.00 <1.00 <1.00 3.15
Cutting edge”* <1.00 <1.00 <1.00 <1.00 <1.00 1.80
Hand"" <1.00 1.00 <1.00 <1.00 <1.00 <1.00
Hand"" 1.30 <1.00 <1.00 <1.00 <1.00 <100
Dish towel <2.00 <2.00 ND <2.00 <2.00 <2.00

"For cutting whole fish. *For slicing fish meat (sashimi). ‘log,w CFU/material. 'logi. CFU/hand. CFU: colony-forming
units; ND: not done; EW: electrolyzed water; SH: solution of sodium hypochlorite (100 ppm of residual chlorine/. Procedure:
See Table 5. Data are presented as the mean of three experiments with triplicate determinations (n=3).

THALGNLERo/oI NG, FUBHED: W ¥R
AN ERDRICLD2LDOTIE R, BEAOILEM
PFRR, BRARBICERNTLEHEL. U EDERM
RXEDNR, ARBREERML

T3, BWIIHT2EMKOMHERRE LR 5
o, BHOREZELTYINVE, SVI20EHELT
ATF VA%, fiMORHLHIZHT—EExH, Choo
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e LT, NRET DML - TRIAHIRT VK
FAICHLBDSNEYY) T &, MR (AR A,
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Bk#E - BRESNL D, RADLBIZIZEA LRV,
MK E X OB 2 L 7o f 4 0@ RERTIZ
BEAABITFON TRV, L2d, BETOMAIE
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Efficacy of electrolyzed water for kitchen disinfection
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Electrolyzed acidic and alkaline water generated from tap water containing a small amount of salt by
electrolysis is strongly bactericidal (acidic) and degrades organic materials (alkaline). Food may become
contaminated by pathogenic microorganisms from kitchen equipment and the hands during food
preparation. To prevent food poisoning, we studied disinfection using electrolyzed water on several kitchen
materials. Applying sodium hypochlorite (residual chlorine=100 mg/L) and acidic electrolyzed water (pH
2.7, residual chlorine=35-40 mg/L) against Escherichia coli, Staphylococcus aureus., and Salmonella
typhimurium adhering to tile, stainless steel, and gauze containing 0.1% protein killed almost all
bacteria. When 1% protein was added to the bacteria, they survived on the above materials after
disinfection with sodium hypochlorite and acidic electrolyzed water. Almost all bacteria were killed by
disinfection with acidic electrolyzed water after washing with alkaline electrolyzed water. Disinfecting
contaminated materials such as cutting boards, boots, and knives with acidic electrolyzed water after
washing with alkaline electrolyzed water markedly decreased bacteria to the same level as with commonly
used procedures such as disinfection with sodium hypochlorite after washing with tap water. These
findings suggest that washing and disinfection with electrolyzed water effectively prevents bacterial
contamination of foods because electrolyzed water can be used in the same way as tap water.



