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Abstract

This study was conducted to determine the inactivation effect of electrolyzed water and organic acids either alone or in
combination on L. monocytogenes or mnatural microflora on lettuce. Acidic electrolyzed water completely inactivated L
monocytogenes in broth system within 60 sec, but alkalin electrolyzed water caused approximate 1.7 log CFU/g reduction.
However, acidic electrolyzed water reduced only 2.5 log CFU/g of L. monocytogenes on lettuce, and similar antimicrobial effect
was observed with alkalin electrolyzed water. In the meantime, acidic and alkaline electrolyzed water caused approximately 2
log CFU/g reduction compared to control, whereas both electrolyzed water combined with 1% organic acids ranged from 2.6
to 3.7 log CFU/g reduction. Among the organic acids, both electrolyzed water combined with 1% citric acid showed the
strongest synergistic antimicrobial effect to reduce L. monocytogenes on lettuce as well as total counts, yeast and molds. When
antimicrobials, alone or in combination were treated into L. monocytogenes inoculated lettuce at 5T and 15°C for designed
periods, the combined alkalin electrolyzed water with 1% citric acid showed the greatest potential to inhibit growth of the
bacteria. According to Scanning Electron Microscopy(SEM), the treatment of electrolyzed alkali water in combination with 1%
citric acid highly reduced the growth of the L. monocytogenes compared to single treatment and resulted in causing the
destruction of cell membrane.
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th2- 0.1 M phosphate buffer solution© & A]2}8}31 50~ 100%
A Aoz AGERE E45te] critical point dryE AR
ZH&A|F]3, sputter coatingdte] LV-SEM(Low vacuum-scanning
electron microscope S-3500N, hitachi science systems, Korea)©.

g2 #Esgch



532 T AEALREEE A A11E AT (2004)

Ao o g

bob
=

A Gl & L monocytogenes®) ALEEIE Fig. 14
el ). AR E)2] A L monocytogeness THEF 60
ol ¢35 Apdatg o, dZeldsls Mel7e oF 152
o 17 log CFU/g A% #Adtd 1 FRETE o oo &
A7} VeRA] $3thFig. 1). ol9h 22 ZI= Kim F(8)
7 Park 599 RIIME w53 AAE el 4
ARNGFE N 2 TR A R AT
o] wiste} FASIA Aol ¥ AFE MY W
& pH, & AFBAASORP, o 1100 mV) £ Fdol2
o] &4 g7 Aoeg HuHy UTHY). v AH3As
9} dAASEE L monocytogenesE HEFE FdA| o
Agstge e AT AS A 2dEol
A3te] 30% HA & 2 log CFU/gel 745 Yelion 3%
FAAA ¢ 25 CFU/ge) AAE Yeo] @z dsise &
FE A9 Hol7}t gle AoE YEWthFg 1). AE7HA
o] FH9 AFd gt gAY SFaged ug A
TE %o] RugiAnt dZlAdsFd dEtde AY B
17} A ¢9r); Koseki 5(10)2 A QA" E coli
O157:H73%} Salmonella®l th3r LA AsFE 20TAA 5%
b AASREE o AgAsget A visstAY Az 7t

AFaRs JehiQon Rosgc oygt A ay
22 A7)t swfactant2A ) FEE st FFA 9
EAe AsAglez FAR AR s
o)A & Ao ALRRY. X3 {1 W
AS F7t9 AFade g @ o9 &
2 AFaHN S74R7) dEd] Aes

|

N odo o b ool e
2
_‘mo_u

(o)
[]
[e]

pal

ot

7|t XMefoll ofst Latx[olA 2] 2{sh

for 30

onocytogenesol]l L HE FAXE HaFe} FUIN &

T BEAE e W APEAFHE Table 1o] YehH
o FEEY Zolgdaihs WERTFE 9 38 Ast
FAjel gt Higte] oF 09 % 14 log CFU/gY|
yehlow daise 249, A 2 ¢Eg36 s &
oF 2 log CFU/g Axe 7ZAE Uetdlth §Hd), 1%
acetic acid, lactic acid, citric acid @ ascorbic acid& X235}
< A% A7 15~25 log CFUgS Z4E Uehligich. o
gy A ARG LAl 1% 7714 BEAE
39S A oF 26~37 log CFUjge] EAT LTS Uil

Aok B3 MW} PRl PalS BT 1% cic acids}

e ¥R ¥ Jt
tlo
£

A)

log CFU/g

0 15 30 60 120 180
Dipping time (sec)

®)

10 i - - —————— - _

8
o GT\%
D .
=
O 4
oD .
=

2 3

0 - e - —_— L -

0 15 30 60 120 180

Dipping time (sec)

Fig. 1. Effect of electrolyzed water treatment on inactivation
of L. monocytogenes (A: Broth system B: lettuce).

® : Acidic electrolyzed water, ® : Alkaline electrolyzed water.
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Table 1. Effect of electrolyzed water and organic acid, either
alone or in combined on inactivation of microorganism on
lettuce

Viable population (logy CFU/g)

Treatments Total Yeast & L mono-

counts mold cytogenes
control 6.4 6.31 822
water 52 529 733
100ppm sodium hypochlorite 503 506 6.85
1% acetic acid 4.76 4.69 622
1% ascorbic acid 546 528 6.94
1% citric acid 447 4.37 5.86
1% lactic acid 3.64 361 579
acidic clectrolyzed  water 37 525 6.26
alkaline electrolyzed water 407 430 6.38
AEW-1" + 1% acetic acid 2.14 279 521
AEW-1 +1% ascorbic acid 344 317 560
AEW-1 + 1% citric acid 236 1.94 449
AEW-1 + 1% Tactic acid 241 1.95 54
AEW-2® + 1%  acetic acid 411 3% 5.36
AEW-2 +1% ascorbic acid 4.19 428 567
AEW-2 + 1% citric acid 3 383 502
AEW2 + 1%  lactic acid 288 297 542

YAEW-1 : Acidic electrolyzed water,
PAEW-2 : Alkaline electrolyzed water.
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Fig. 2. Effect of alkaline electrolyzed water and 1% citric acid,
either or in combination on growth of Listeria monocytogenes
on lettuce during storage at 5 and 15T.
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Fig. 3. Effect of alkaline electrolyzed water and 1% citric
acid, either or in combination on growth of total counts on
lettuce during storage at 5C and 15T.
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Fig. 4. Effect of alkaline electrolyzed water and 1% citric

acid, either or in combination on growth of yeast and mold
on lettuce during storage at 5T and 15T.
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Fig. 5. Morphology of L. monocytogenes on lettuce after
treatment with alkaline electrolyzed water and 1% citric
acid either alone or in combination using Scanning Electron
Microscopy.

A : L. monocytogenes innoculated into lettuce, B : Alkaline
electrolyzed water treatment, C : 1% Citric acid treatment,
D : Alkaline electrolyzed water + 1% Citric acid treatment.
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