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Evaluation of the Bactericidal Activity of Electrolyzed Water against
Salmonella Typhimurium and Staphylococcus aureus on Perilla Leaves

Se-Ri Kim, Kyoung Yul Ryu', Myoung-Hee Lee?, Chan-Sik Jung’, Yohan Yoon®’, Won-Bo Shim*, Ju-Hee Kim,
Byung-Seok Kim, Soon-Young Yoo®, Doo-Ho Kim, Jong-Chul Yun, and Duck-Hwa Chung**
Department of Agro-Food Safety, NAAS, RDA
'R&D Evaluation Division, Research Policy Bureau, RDA
ZDepartment of Functional Crop, NICS, RDA
3Department of Food &Nutrition, Sookmyung Women's University
‘Division of Applied Life Science, Gyeongsang National University
3Seoul Regional Korea Food & Drug Administration

Abstract This study was conducted to evaluate the bactericidal activity of weakly alkalic electrolyzed water (WEW)
against Salmonella Typhimurium and Staphylococcus aureus on perilla leaves. The influences of organic matter, inform of
bovine serum, and the ratio of WEW to perilla leaves on bactericidal activity of WEW were also examined. Treatment of
these organisms with 25, 50, 75, and 100 ppm WEW was performed for 1 min, 3 min and 5 min, respectively. Higher
bactericidal activity was observed after a treatment with 100 ppm WEW compared to a treatment with 25 ppm WEW by
0.7 log,,CFU/g. The bactericidal activity of WEW also decreased with increasing bovine serum concentration. At the ratio
of 10:1 (WEW: perilla leave), levels of Salmonella Typhimurium and Staphylococcus aureus were only reduced by 0.57
and 0.79 log,,CFU/g, respectively. It is suggested that the removal of organic debris prior to application of sanitizers and
treatment above the ratio of 25:1 (WEW: perilla leave) is needed in order to improve WEW activity.
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29213), S. Typhimurium (ATCC 19585, ATCC 13311, DT104)%
t}. Z} @5+ 7mL TSB(Difco Laboratories, Detroit, MI, USA)
o] 37°C, 180rpmolA 24417+ F<F wgst H wgds
10,000xge] 27102 108&7F daite] st dsdS AAIT
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S g (culture cocktail)S ZASFATE Sl SFN ] Z27]F
T 8l 9mLe] 0.1% PWellA 10M§4 3|4kl S Typhimu-

rium< xylose lysine desoxychate agar(XLD; Difco Laboratories)
ol S aureus= Baird-parker agar(BPA; Oxoid Ltd., Basingstoke,
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of ARt A =g Y 800 uLS micro pippet
o=z EAY 10g(F 4-57)°l spotting =2 HEF3IL clean
benchollA] 1A17F 308 59t AXSILE HE & AxE 4%
10gS 1L ¥Ae ¥ 25 50, 75, 100 ppme] A f 4
500mLS 2zt 718 & 1, 3, 5% F<9F 100 rppmeZ wshdE
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R®712 ol mE Mool nldE XMzs SnHE
fr7lee] EA7F daflre] ndE AgaAe] vxle TS
Brletltt. &, WAE AR FUAs] offH7] wel| Park
5(19)2] WHol| wg} A EZZ bovine serum(Sigma Chemical
Co., St. Louis, MO, USA)S A&-3}%9th Bovine serume B+t
phosphte buffered saline(PBS; Difco Laboratories)®l 60 mg/L <
Fo] FEE Zo]i 045um milipore filter (Watman, Clifton,
NJ, USA)E oJ3AIZl & 2 Aol ARSSIATE A}l o] A
ZH E4Y 10g& HIFA Lel ¥ 100 ppm 482, bovine
serum 150, 300, 450, 600 pg/Lo] $H+E 100 ppm H|FEHS
747} 500 mLA 7kgk Fofl 1% 59k 100 pm SEE L] el A
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20 g(1:25), 50 g(1:10)= 100 ppm A3} 500 mLZ} 15 &<t 100
pm SE2 WHHSFAA BEEAIZAT

Mg 24

A4 27t B E4US 108 o] ¥3l 90mLe]
Dey-Engley(DE) nutralizing broth(Difco Laboratories)S -2 ¥
stomacher(Bagmixer 400VW; Interscience, Paris, France)Z 247+
423} stk #2838k AlEE 9mLe] 0.1% BPWE AHE-3lo]
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Fig. 1. Efficacy of weakly alkalic electrolyzed water with different concentration of chloride in killing S. Typhimurium (A) and S. aureus

(B) cells inoculated on perilla leaves.
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g A2l Fret A7hel wE Aztst adE JERd ZAIE Fig
13} 2t} S Typhimuriums} S, aureus 25 X0 wWE Y&
Azkg o] Zpol7p FEHAA JERETHp<0.05). S. Typhimurium
& 17 AP F 25, 50, 75, 100 ppmel A ZF2F 126, 1.30, 1.52,
190 log, CFU/g7} &Sttt 3 S aweuse= 25, 50, 75,
100 ppmoll Al Z+zF 1.35, 149, 1.62, 2.01 log,,CFU/g 522 7+
aste] FE7F ST et mAE Aldade Frteke A
< Btk g, T #F BT A A wE &¥= vy
A ZATHP>0.05).

Guentzel 522y 45 ®HOIA S. Typhimurium, S. aureus,
L. monocytogenesSt E. faecalis®l T3+ SN FaAS A%
A3} 100 ppmollA 1027F AEsAE o w5l wet xpel7t 9l
AR A8t 472 S Typhimuriume 3.34 log,CFU/g, S.
aureus= 2.69 log, CFU/g A= ZHasldtial Raslyt o)s &
ArAzEchs AREAL 2 Aot G72F AR =
Fo] B2 FAHE dFE HalF At ks Koseki 5(23)9
APAHARE wFo] B uf, AU TF F AHHo] thE FAt
Bl Hlglo] Y3, G2t AZox] A oR o) Hake
As T3t e ez It T 473G 100 ppm
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A=A Zdo] FFE vHE A= gkt o 7R
L9lo] YANF 1 FoME FAHE| EA3= &, natural micro-
flora 5 F7182& 25A9] G35 AR Bag v gl
th(19). Wb SAL AIFHA 718 SA7F L5 vAE 9
g Ilstaat ArE FYsen 2 Ade Fig 20 JE
o oulel 7ro] {718 ggfo] EolA4E S Typhimuriumk S
aureus®l] hFF A7kst G3be Hashs o= UEhsth

F7180] fle AHlAM Hal4E HeAS Alel= S, Typh-
imuriumS 2,02 log,,CFU/g 743k 21 300, 600 ug/l. 4 7HA
77} 1.62, 1.10 log,,CFU/g7} 7Haatth. Bt S aureus®] 735
= Aalg dEAToME 2.08 log, CFU/EIRH 600 ug/Lol
F71E0] FrE el sl o nAE Ashs 1.28
log,(CFU/gSZ 0.8 log,CFU/g A=e] &3} 7hahss Zo=
Uelstth. Park 5(19)2 S Typhimurium, L. monocytogenes, E.
coli O15T:H7E <F 7 log, CFU/g HEE Fotol] 2H3xs|+= A
IS v F7180] 1S W 3B 6 log, CFU/g o1 7Hast
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Fig. 2. Efficacy of weakly alkalic electrolyzed water combined with different concentration of bovine serum in killing S. Typhimurium
(A) and S. aureus (B) cells inoculated on perilla leaves. A: Initial level, B: 100 ppm WEW, C: 100 ppm WEW with 150 pg/L serum, D:
100 ppm WEW with 300 pg/L serum, E: 100 ppm WEW with 450 pg/L serum, F: 100 ppm WEW with 600 pug/L. serum
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Fig. 3. The effect of the ratio between the weight of perilla leaves and the volume of weakly alkalic electrolyzed water in Kkilling S.
Typhimurium (A) and S. aureus (B) cells. A; Initial level, B; 1:50 (Perilla leaves: WEW), C; 1:25 (Perilla leaves: WEW), D; 1:10 (Perilla

leaves: WEW)
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H &S 2R8I A73Ath Fig. 3014 B nlel o] 4
A3} a4 vlgo] 1:50, 1:25, 1:102.2 As|52] o] ZojE
WAl S, Typhimurium3} S. awreus®] A78 a3k Fojdoz &
A=e= ASZ YERITHp<0.05). S. Typhimurium 1:10, 1:25,
1:5002 APs o AgEad= 722+ 0.57, 1.73, 2.04 log,,CFU/
go 2 UERITH B3 S aweus?] 7% 1:507 1:259] Azts}
HIHSF 2.0 log,,CFU/gy= T &7F SIAAITE 1:10004 A7ras}
£ 079 log, CFU/gE el & ARz 235 7Ids}
71 olEglrh. Szabo F(25)° ATl E AFE AHT A L
monocytogeness 2.0 log,,CFU/g ©I’F AZA717] fleliMe &%
T A5 HES 11192 AT AL ATt 55 EA
Qo FFA F GHF o] FIFET} 4] o) AEAY: 55
em¥/g, Y45 12em?/g, data not shown) Ad|2] Ag A5F
I5 =o)7] fEixE B ARG dFA T Hals vE
< Eole Aol F8sith mEA 2 A7 W8 AR v
o] B o EAYT A5 HES 1:25 ol fXEoF & A
o7 Algdr}
e o

B A3 AU EAlske Salmonella Typhimurium, Staphy-

lococcus aureus®] tEt Mol AaAE AL M=

o] f71Ee] FY EANUS Aol vlgo] dalee] Lol
HAe FEFE FAEA . AU S Typhimurium
I S auwreuss 7.0 log, CFU/g AEZ HF g F 25, 50, 75,
100 ppmellAl 1, 3, 5% <t 2H2F At A7k o mE
sl 235 B4 B3 f7180] Mo &3t v
= T BAE] 8 Azl JrkeE f71E sEE 150,
300, 450, 600 ug/L. =01, EALF Hsjre] AFn|Ee
1:10, 1:25, 1:50°]1ch. = A3}, S Typhimurium®} S aureus =
T fE da Tt HESE nAE AREns soHe 4
TS BAOH(p<0.05) F IF EF 100ppm X 2]lA] 25 ppm
AgolX Bt Asie] AEFA7E oF 0.7 log CFUg AE =
Al JERETHp<0.05). AT A At W2 g3h= it
(p>0.05). &gk A3l F f71= o] /1SS S Typhimu-
riumZt S aureus®] Al EI= TFASATHP<0.05). K71 600
pgl 7R 718 H7HE A @S wjoll Hlste] S. Typh-
imuriume 1.10 log,,CFU/g, S. aureus= 0.8 log,CFU/g] X3l
It gAERAh EAYE Ao MRS 1:1022 A
39S o vAE ARaFE= S Typhimurium 0.57 log, CFU/
g, S aureus 0.79 log, CFU/gZ 5ol <3t nAEA7L a5
7137 olE Pk wekd SAUA S Typhimurium3} S,
aureus®] EHAA AoJE T HalF A & AHS
Eslol F3 WMAE AASIL g F= 100 ppmell A 1 ©]
2 Aesfopsitt. ek EAU Hallg ¥]ES 1:25 o) fA
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