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Removal Effects of Microorganism and Pesticide Residues on
Chinese Cabbages by Electrolyzed Water Washing
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Abstract This study investigated the washing efficiency of electrolyzed water for the removal of microorganisms and
pesticide residues from Chinese cabbage. Initial total bacteria and coliform counts were 6.64 and 3.56 log cfu/g
respectively. After washing, total bacteria count of tap water (TW) were 5.97 log cfu/g and low alkaline electrolyzed water
(LAIEW) and strong acidic electrolyzed water (SACEW) were 1.63-4.67 log cfu/g. Especially SAcEW-100 was found to
the most effective method of washing the cabbages. After washing, the coliform count was dramatically reduced. The
removal rate of pesticide residues by NaClO treatment (36.93-50.13%) was greater than that of TW treatment (32.28-
38.46%). The removal rate of LAIEW-100 and SAcEW-100 was 63.79 and 78.30% respectively, and was higher than those
of TW and NaClO treatments. The vitamin C content of the Chinese cabbages after all treatments did not differ
significantly. Consequentially, the electrolyzed water was found to be effective to remove bacteria and pesticide residues

from Chinese cabbage without affecting quality.
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£ g AREE AEE 2011d 69 A= 9ol 3t
‘B FT MFE ol &Stk W A= 2633 em, TEH
16.67 cme|H A= 2.85kgelth. AlF WEo2= FA14, &
EE(tap water, TW), 2FotARANIEFNaCIO) &4, 7FAd A
3| 4(Strong acidic electrolyzed water, SACEW) 2 <F&Zz] 73|
Z(Low alkaline electrolyzed water, LAIEW)E AME-3I1oH, &
AYa g3 47 50, 100ppm FEE o] &S ATH AlF U
2 ujF FA 10819 AlFe 108 T AT = APl AL
&3t s AAZAE got B 98 S ARAA
A ARl met FRTol 8alste] 2L XA 17 A
A F 24N 7F Bt AxRSt AFHFER A oy FoF
7S B8 ARRE 5 B AFAIE chlorpyrifos,
prothoifos®} deltamethrin ©]THTable 1).

lo

b1

Lt5l-2hel M2{(ORP) ¥ Rlojgd£4HHCIO) s

2Hel 3 9= ORP(Oxidation-Reduction Potential) meter(RE-
12P, TOA Electronics, Tokyo, Japan) AM&-3le] =73l om, =}
oAt S AF Tl wet A7) 50mLel KI 2g,
acetic acid 10 mLe} HEAIA|oRS B W 7lste] Sz4Ao] HE
£ 3 T 01N NaS,0, &8N0 =2 S7Ale] golo] FErsd uw)
7] BA sl T2 243 TE pHE pH meter(AB 15 Fisher
Scientific, Pittsburgh, PA, USA)E =43} T}.

I

OdsE &3

Wi 30 g& Haol] Wi FA 10u1e] HE 0.85% saline
SN o] stomacherZ 137+ F&AIZ § Zbzbe] Al8AS 1
mLA Fste] 9mLe] HaE 0.85% saline § 02 3|43l ¥
Efuse] 1mL¥ Y-S 3 pouring methodZ A& 33 th BiX|
= Fd5E plate count agarg, U 5E chromacult agar
(Merck, Darmstadt, Germany)& AME3lH oM HjAE H2 &
37°Coll A 24417F vkt 5 colonyTE =73k colony forming
unit(cfu) .2 FA 8T

=8 &
AFA ol e A8 F&, B4 B ARset 42 AF
FTH10) WHoZ FATh BlF 50gS 300mL beakero] HIL

ettt ojztelg NaCl 10 g0l |31 w2l |a 127 39
F 3 w7t H=s 340 wAE 2
F st 40°C olste] F8x FoM Aartng ST

Table 1. General information of the pesticides used in this study

Table 2. GC condition for the analysis of the pesticide residue

Instrument GC2010 (Shimadzu, Tokyo, Japan)
Detector ECD
Column DB-5 (30 mx0.25 mmx 0.25 pum)
Injector temp. 260°C
Detector temp. 280°C
120°C 2 min (10°C/min)
Oven temp. 220°C2 m@n (7°C/m§n)
250°C 2 min (7°C/min)
280°C 15 min
Carrier gas N,
Column flow 1.0 mL/min
Split ratio ECD:split mode 20:1
Injection volume 2 uL

FES 7 w59 F Ao FEsih BAE A8
Florisil cartridge(Waters Co., Milford, MA, USA)E &3} 314
T}, Florisil cartridge ©l hexane 5mL%} 20% aceton/hexane
SmLE FHAZ F 5 FE2AS cartridge el HaL &4
Ak &9 Al FF31] 20% acetonhexaneSZ U HFO
2 o] GC AE8A oz ARESIIth(Table 2). 378 S
TYAIR 50 goll FoF FFE&NE 1ppm¥ o £ v &
dot o R BASIAY J4ee woF e did %=
=3k

HIEIZI C &3

HIERR C S AFFH)el o WHes 4 HAxd
AlE 02 g4l 5% metaphosphoric acidHPO,) &% 20 mLS 713}
3L blender(KA-2600, Kaiser, Seoul, Korea)Z 187} S502
A3l A7 3 YA1E-E]7](Centrikon T-324, Kontron Instruments,
Milan, Ttaly)S ©]-8-3t] 8,000 rpmollA 1087 94 Eajsle] o
L A5NE 045 um filter2 oJFet & 3| 8|43} HPLC
o Y3t B3I EFEZS L-ascorbic acid(Sigma Chem-
ical Co. St. Louis, MO., USA)E A}&3I4th Columne p-
Bondapak C¢(125A, 3.9x300 mm, 10 um; Waters Co.)& A}-&-3}
937, solvent 712 water 1L methanol, acetic acid Z}Z} 10
mL%, 1-hexane sulfate sodiume 1g2 H7F5IA ). Flow rates=
0.8 mL¥.o™, A& 254 nm, injection volumeS 20 pL T}

SH X2

A Aol FAHE= SAS system(Cary, NC, USAYS ©]|-8-3}
o BAREA(ANOVAYS 3Ker 7+ A2 #7F 7217402 Duncan’s
multiple range testg ©]-8-31 p<0.05 FEAlM S AS3AH

Pesticide Chloropyrifos Prothiofos Deltamethrin
S S, OCH,CH.
cl N OIL!(OCHQCHS)Z ¥/ o B A 9 CB{C 0
Structure RN e N_o’ “SCH,CH,CH, £= L 0" M
I = Br 57<
PN Ho X H
cl cl | CH3\CH3
Formula C,H,,CL,NO,PS C,H,:CLO,PS, C,,H,,Br,NO,
M.W." 350.6 3452 505.2
MRS? (ppm) 0.5 0.05 0.5

YM.W. : molecular weight; ?MRLs : maximum residue limit.
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B A7el ARgE AHFO] FRE AJIRMUEF £
(NaOCl), 7] Aal53(SACEW), kel Hal|l 43 (LAIEW)E
27 FEdA: v=E 27t 47.52-56.733 93.61-106.00 ppmars=
o]tHTable 3). A& B¢ FErt Aadhs AFS HoH &
3] SACEW-50, 100 A 2]7-¢] Xpoldast s%=rF 2710 Hla10%
T gAEte] 7P =2 A4S e Jalgee Ade] 4
4e TWell 71 2%7]5—6]] = Aos ol 34" NaCl
2 Hallg A R 2 JJr =55 Hst A7) BaE 5
3 At fE RS 2}0} s @ gt} A7) 2 F
o &aE NaCle 54 cm} A Na'Z Haj=n FA
OH, H' = A4HT}. CI'e} OHS} 22 gol &S AAE 4
%—QL_E o]E3ted, 0,714, CL71Al, OCI, HOCIZ H4ks A
sl H'9} Nat 22 gol22 RS do] $F0= o] 5sly]
H, NaOHE AAsHA #©rk12). 94 39t & 7H wol A
AEE FHE HCIOSE WAE Aol 7P4 aadoln 7he
FE2 CIO BT} 80u) o4 AaES 7FITH(13). SACEWS] 7
% SACEW-1009] Al 10+ 743+ ¥ 79.76 ppm= =71 B}
15% o)A 72281592 ™ NaClO-1003 LAIEW-1002 z+z} 7.6
6.3% 7.%&0} k. pH—— TWS A4 %7] 755 =0l9loH Al
2108 F 734 FFEOE v adte ATFES UERiTh
NaClO-1003} LAIEW-100¢] 7-¢- %71l pH 9.55¢} pH 9.05

4_:[m

ox Rl 2 ¥

2 AggEd vjd 22 2445 YA m SACEW-50, 100
2 %7] pH 331-3.622 7AiM <ol om Az g9t & st
7F ik, TWe] 27] ORP9] 73%- 606 mVE NaClO2} LAIEW
9] 753-771 mVe} M3 S JERd W SACEWS] ¢
1137-1150 mVE =& 55 UeRiich HWEOP TW2} SACEW
o] 7% Zr23% et NaClost LAIEWS] 7% tha S7fehes

S BT =& ORPE MAE AxERS % sted Woj7)1d
of &4 dsiA dok4). Eﬂ”i" Z2]ol] H3F ORPE 200-
800 mVel™ —200-400 mV Hel= F71d7e S2lol Hgs A
o= dHA Ut19).

o|ldg

AlZol ot wAE Ao A3}, 7] FHFTE 6.64 log cfwg
FEolRom AR Bt Zadhs A3 JeERICKFig 1). TW
AT A9 AH 102 T 597 log cfg FF0IR o Al HSE
Aol 73 A 3 77 2.34-4.88 log cfu/g & Tww:} ke
HA7F E5S & 5 AU NaClo XE] 72 FdE 4.01-4.67
log cfu/g® TW xm%oﬂ HlE =& 7AAE %13»} LAIEWS}
SACEW H|fHUE YW 745 Yeplith 71E0] L5AR
©ol AME3SaL Sl NaClo g0l vls] Asl4e] Ad E3+=
Hojd AL I 4= o™ Grava 52 AT(16)0IME H|
523t 432 JeERlIth £3] SACEW 272 A$- AHSE
7 7P we A g9E Bow Al 108 AT F 1.63
log cf/g® 2 5 log cfu/g ©1’4e] HAaE VERAUTE SACEW-50

FollA AlH 10 % ZH2F pH 9.037 pH 8.58C.= #Fastel o A= NaClO-100 2]l vle) FiEsrh =9kom s
Table 3. Change on physicochemical properties of the washing water
Washing time(min)
Treatment"
0 3 5 10
™ - - - -
NaClO-50 56.73+1.27% 58.15+0.40° 56.02+1.52° 52.65+1.05°
NaClO-100 106.00+0.80* 97.86%+1.34° 97.86%+1.54° 90.77+1.14°
{pl)grlno) LAIEW-50 47.52+1.29™ 46.10+0.85 46.80+1.20 46.98+1.62
LAIEW-100 99.29+0.71% 99.99+2.31* 92.96+6.24° 97.16+2.04%
SACEW-50 51.06+0.94* 46.09+2.11° 43.97+2.53° 43.26+1.94°
SAcEW-100 93.61£1.95° 81.56+6.44° 81.56+7.04° 79.43+0.84°
™ 7.55+0.10™ 7.40+0.06 7.43+0.26 7.34+0.06
NaClO-50 9.54+0.01° 9.12+0.03° 8.96+0.03° 8.89+0.04°
NaClO-100 9.55+0.12° 9.10+£0.01° 9.04+0.01° 9.03+0.08°
pH LAIEW-50 8.77+0.05™ 8.60+0.05 8.61+0.05 8.70+0.02
LAIEW-100 9.05+0.01° 8.88+0.08° 8.80+0.08" 8.58+0.02°
SACEW-50 3.62+0.03™ 3.60+0.06 3.60+0.06 3.61£0.06
SAcEW-100 3.31+0.02™ 3.324+0.01 3.32+0.01 3.324+0.03
™ 606+6.00° 456+7.55° 398+1.00° 364+1.00¢
NaClO-50 771£16.00™ 770+25.00 780+15.00 776+9.00
NaClO-100 753+33.00™ 759+30.00 774+7.00 774+9.00
(?nlilp) LAIEW-50 763+21.00° 811+14.29* 823+10.00° 821+10.00°
LAIEW-100 770£10.00° 795+14.00° 799+2.00% 814+8.00°
SACEW-50 1137+£5.00™ 1130+80.00 1129+6.00 1128+7.00
SAcEW-100 1150+4.00™ 1145+5.00 1142+8.00 1141+6.00

DTW: Tap water, NaClO-50: NaClO aqueous solution containing 50 ppm concentration of available chlorine, NaClO-100: NaClO aqueous solution
containing 100 ppm concentration of available chlorine, LAIEW-50: low alkaline electrolyzed water containing 50 ppm concentration of available
chlorine, LAIEW-100: low alkaline electrolyzed water containing 100 ppm concentration of available chlorine, SACEW-50: strong acidic acid
electrolyzed water containing 50 ppm concentration of available chlorine, SACEW-100: strong acidic acid electrolyzed water containing 100 ppm

concentration of available chlorine.

Means with different letters (a-d) in a raw are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 1. Effects of washing treatment on total bacterial count in
Chinese cabbage. TW: Tap water, NaClO-50: NaClO aqueous solution
containing 50 ppm concentration of available chlorine, NaClO-100:
NaClO aqueous solution containing 100 ppm concentration of
available chlorine, LAIEW-50: low alkaline electrolyzed water
containing 50 ppm concentration of available chlorine, LAIEW-100:
low alkaline electrolyzed water containing 100 ppm concentration of
available chlorine, SAcEW-50: strong acidic acid electrolyzed water
containing 50 ppm concentration of available chlorine, SACEW-100:
strong acidic acid electrolyzed water containing 100 ppm concentration
of available chlorine.

£ o] gg Ao MlF gxe] tist AFdAE 50 ppm FE]
24 As57E 100 ppm FE NaClo §97 H&abAL} e &
H5 BIAT BASIATHI6). el H$ 271 3.56 log
cfu/g FEoler TW AE7+9 7§ Tt fAk 4 73
S BAoHFig. 2). AlF 108 73 § NaClo A&]++ 0-2.33
log cf/ge@ 7H23119™ LAIEW-50, 1002} SACEW-50, 100 =]
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100 ppm&] 7% 2.63-5.01 log cflg 743 Aoz Yelyit. 4
FHo 2 AHF A7t TW ARt E37F E9kow Al
25 7FEME SACEW M7 7P A UERET ole =
& 2kl BAASORP)Z A3t Mxute] &40 2 HOCIe] 44
ATl Abslgo R Ul*gzr Aolg & F Q7] wZolth(14).
AF o] T/ BAGle]l 27t =575 vAE Aoadt
EATE A7l Aol w}% v A& xMErJr% o A%
NaClO, SACEW, LAIEW-50 X2+ = 3% 743 & F43] 74
aom, 1 o]F Hdt S FXI8I2H SACEW-100 A
= 10 HZATEA Fo89 s e ATHp<0.05).
Aol 739 BE AT 102 At 989 A
S Yeplgem TW A2]7-¢F NaClo A5 A|9staL 10%
A3 2% AFEAL Suzuki 517y obb}—’_r‘*«] 4%, P
AE 93l Frdgel 107 <t AX|eHH St B
}03311] Soli 5(18)2 5&7F =54 %%’8}41 RIS

Lin 5(19) & gAFe Q08 f& 45 E7F 50 ppmel

Foll 158 o] FAASAEY 315HA Feli7t B
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Fig. 2. Effects of washing treatment on coliform count in Chinese
cabbage. TW: Tap water, NaClO-50: NaClO aqueous solution
containing 50 ppm concentration of available chlorine, NaClO-100:
NaClO aqueous solution containing 100 ppm concentration of
available chlorine, LAIEW-50: low alkaline electrolyzed water
containing 50 ppm concentration of available chlorine, LAIEW-100:
low alkaline electrolyzed water containing 100 ppm concentration of
available chlorine, SAcEW-50: strong acidic acid electrolyzed water
containing 50 ppm concentration of available chlorine, SACEW-100:
strong acidic acid electrolyzed water containing 100 ppm concentration
of available chlorine.
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Aol Ag-E JFEeF AE-S chlorpyrifos, prothiofos 2 del-

tamethrin®| 1 oW 3]F&2 7h7)

247} 9561, 103.53 2 96.38%°] AT}
ke Arkslel glold B4
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3 EQAANE AZAAE AFo] gt A Take] ko] gle
A A 30-80%%] AR AAro] JFEsEHA 2 AoZ B
FEYTH20). AT Foke AL 0dAATIY AR A
ATt f71¢0A] FTHE oM EEH AP o) R TAE oA

sfe] FFAAA L A BAE 2o F Arke). ALF
ﬁ%i%a§%bw¢%€4¢ﬂ AFAS7 AAF P

ko o F owiEe HA GAFY 7.1%7F AEEHILH 1.8%
7} =oF XPT,—EJJ‘lﬂ—.—(MRLS)*O‘ ZHSA T B AR THR2).

Seung 9] ATEIPIME H1F] 2HF £4 A3, 3277H9)

S AE 5 667119 MEA Fo] HEFHALH 29 M
o] MRLsE %3t Aoz B3t MRLsE H37 3880

B2A 2Fo EA 7 A 1R éyp:(maximum residue limit)
5 =8l (24) AE3o] W= ulSFe] 739 chlorpyrifos, pro-
thiofos 2 deltamethrin®] MRLs= 212} 0.5, 0.05 2 0.5 ppm®] T,

AR FPTF DFEete] FEE 113, 1.913 0.67 ppmolH TW
He)g A3 077, 125 2 041 ppm FEOF 32.28-38.46% TH
AFHE YeRNSITH(Table 4). Jegal 59 A7(25) 23 wiFE TW
of A&e Az 7104 T AALES 194-41.0%=2 2 A
T} Hls=3k =& JYeRITh Al1A A=) = chlorpyrifos #17
&= NaClO-50 xial%‘é Aggk BE A= TW A2l
Hg| folHo® w2 4 ZRE YEATHp<0.05). 53]
LAIEW-100, SACEW-100 *2]7&2] 749 #4g0] 61.24-68.73%
2 TW Hz|7e] vl F v o] HAE HATh Choi &<
AFTNA A AFeet AARTNA Twell B8] Asj<,
Og_/,\_"‘, _9_{:!,:, ol zA}%oﬂo] E_,,].Z‘]O]D:] lr_}\]_goﬂ n}o] }\]._9_
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Fig. 3. Vitamin C contents of Chinese cabbage with various
washing methods. Control: no washing, TW: Tap water, NaCIO-50:
NaClO aqueous solution containing 50 ppm concentration of
available chlorine, NaClO-100: NaClO aqueous solution containing
100 ppm concentration of available chlorine, LAIEW-50: low alkaline
electrolyzed water containing 50 ppm concentration of available
chlorine, LAIEW-100: low alkaline electrolyzed water containing
100 ppm concentration of available chlorine, SACEW-50: strong
acidic acid electrolyzed water containing 50 ppm concentration of
available chlorine, SACEW-100: strong acidic acid electrolyzed
water containing 100 ppm concentration of available chlorine.

=3 = chlorpyrifos®] -9~ Aallg M)Al 53.7% 7Haste] 7+
o 748S YWYty RStk Prothiofos 23
NaClO-100 X279 7482 48.09%°]™ LAIEW-1002} SAcEW-
100 AETe 27 65863 74.06%%E FE AAZIAE
SACEW>LAIEW>NaCIO <=4 2 et Deltamethrin 3 9]
o] Azl vi=gt A4S JERTE NaClo-50 A& +9] delta-
methrin 7282 36.93%2 TW X217 3846%S}t FA18 A4S
YeRligloey b2 XITES 41.96-78.30%= TW A 2]l H]
3 =2 4 A3E YepAT 100 ppm = ARTES] 7

o

288 50.13-7830%% 50ppm FE AT AL 36.93-
5430%°1 ®lal 1384 oo a2 Bt Ao s
e ol eE9 vRVIXE 1S A EA T
kel olg Aol HEshe o= ATETH26).

L

HIEFR2I C

AF AEskA] e Ao HE C $EFS 81.94 mg/mL
Frolglon AlF AHE £ HEW C 32 88.63-98.41 mg/mL
o= AHFEr oAl Aol HolA= UthFig. 3). f+
A AFAL AF e ok vlER co] ztole glleH(27),
A 4ol AlFe| g AFeA dd, 22T ¥ QEFE ol&
sted AT A9 TWE Ak w72 vElRl ¢ g%
e TS mXA ke Aoz BIFATH2S).

o Ok
S =

A S AAS S8 A7ESIGE o] 85t mAlE A
ael sk AARA dis] At iEzFe TW
Z AFsiRen, Agaos Wol ARREI YE NaOCl £9o
2 MFste] Hwstrt. wiEe 27 Faret a7
7} 6.64, 3.56 log cfulg 75012 m HA] A7to] LojA4E 7+
Ak A JeMIdLh 102 A T, TW 23 597 log
cfilg 5019 2™ LAIEWS} SACEW A2 1.63-4.67 log
cfg FFOE 7HA3TE. 53] SACEW-1004 8]+ 1.63 log
cfilg 522 Z7]ol B8] 5 log scale ©d Hasle] 7 =
2 235 e diddase 2719 3.56 log cfug
oA 102 Z3} &, TWS NaOCl-50 2 2+2 A8ty H=
A ooyt zbFseke] A9, %71 chlorpyrifos, prothiofos 2 del-
tamethrin & 2424 1.13, 1.91 2 0.67 ppmolAct. A F,
TW X2]& 32.28-3846% 74310 NaOCl X &]+-2 74
2 36.93-50.13%2.2 TW2| 1.58] 5 7FAsHATE LAIEW-100
A2 79t SACEW-100 A &]7¢] 7452 63.79-78.30% 745t
TW2F NaOCl x2]tell Bls| a5 o]l vlehRl CE-2 Al
ol 2 ZolE HolA] &yt ARHoE | F
Aol FEFE FA FoHA HAE Aojot FHFRFF AAC =

A7 e Ao ek,

Table 4. Pesticide residue and removal rate of Chinese cabbage with various washing methods

Chlorpyrifos Prothiofos Deltamethrin
Treatments" Removal rate Pesticide residues Removal rate Pesticide residues Removal rate Pesticide residues
(%) (ppm) (ppm) (%) (ppm)
Initial 1.13£0.05 1.91£0.13 2 0.67+0.01°
™ 32.28+5.74 Y 0.77+0.07° 34.59+5.26 ¢ 1.25+0.10° 38.46+9.12¢ 0.41+0.00 °
NaClO-50 42 474534 > 0.65+0.06" 46.76+6.35> 1.02+0.12° 36.93+0.10% 0.42+0.03 °
NaClO-100 48.07+9.79" 0.59+0.11°¢ 48.09+7.68 0.99+0.15% 50.13+3.80% 0.33+0.05%
LAIEW-50 48.71£7.17° 0.58+0.08¢ 48.85+9.24% 0.98+0.18% 41.96+8.16%¢ 0.39+0.05%
LAIEW-100 63.794+9.01° 0.41£0.10¢ 65.86+11.12° 0.65+£0.21¢ 65.97+1.26® 0.23+0.01°¢
SACEW-50 61.24+1.03° 0.44+0.01¢ 61.68+6.95® 0.73+0.13 54.30+£8.61™ 0.3140.06¢
SACEW-100 68.94+4.10° 0.35+0.05¢ 74.06+8.01° 0.50+0.15¢ 78.30+5.19° 0.15+0.03"

DTW: Tap water, NaClO-50: NaClO aqueous solution containing 50 ppm concentration of available chlorine, NaClO-100: NaClO aqueous solution
containing 100 ppm concentration of available chlorine, LAIEW-50: low alkaline electrolyzed water containing 50 ppm concentration of available
chlorine, LAIEW-100: low alkaline electrolyzed water containing 100 ppm concentration of available chlorine, SACEW-50: strong acidic acid
electrolyzed water containing 50 ppm concentration of available chlorine, SACEW-100: strong acidic acid electrolyzed water containing 100 ppm

concentration of available chlorine.

IMeans with different letters (a-f) in a column are significantly different at p<0.05 by Duncan’s multiple range test.
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