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ABSTRACT - This study was performed to compared the effectiveness of individual treatments (electrolyzed
water: EW, organic acid, and ultrasound) and their combination on reducing foodborne pathogens from perilla leaves.
Perilla leaves were innoculated with a cocktail of Salmonella Typhimurium, Staphylococcus aureus, Bacillus cereus.
Inoculated perilla leaves were treated with EW combined with different concentration of acetic acid (0.5%, 1.0%,
1.5%, 2.0%) for 1 min at room temperature. Treatment of 3 pathogens on perilla leaves with electrolyzed water com-
bined with ultrasound (25 kHz) and 0.5% acetic acid was also performed for 1 min. While the numbers of S. Typhimu-
rium and B. cereus showed reduced with increasing acetic acid concentration, there is no difference in the number of
S. aureus treated with EW containing 0.5% to 1.5% acetic acid. Discoloration was observed the perilla leaves treated
with EW combined with more than 1.0% acetic acid. For all three pathogens, the combined treatment of EW and ultra-
sound resulted in additional 0.42 to 0.72 log,, CFU/g. The maxium reductions of S. Typhimurium and B. cereus were
0.95, 1.23 log,, CFU/g after treatment with EW combined with 0.5% acetic acid and ultrasound simultaneously. The
results suggest that the treatment of EW combined with 0.5% acetic acid and ultrasound increased pathogens reduc-

tion compared to individual treatment.
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Table 1. Physicochemical properties of electrolyed water containing
acid

Free chloride ORP
(ppm) (mV)
Electrolyzed water 8.39 +0.03* 102.67 £2.52* 754.67 +9.07¢

Electrolyzed water
with 2%acetic acid

Sanitizer pH

2.58 +0.08" 103.00 +2.00* 1807.67 =2.52°

Electrolyzed water
+2%citric acid
Electrolyzed water
+2%maleic acid

1.94+£0.04° 0.80+0.02° 789.33 +3.06°

1.52+£0.02¢  0.83+0.02° 841.67+2.08°

Means + standard deviations with different letters within a
column are significantly different (P < 0.05)

Table 2. Efficacy of electrolyzed water combined with an organic acid for killing S. Typhimurium, S. aureus and B. cereus cells

log,, CFU/ml"
Pathogen
Initial level A? BY cY DY
S. Typhimurium 8.92 +0.30* 3.10+0.10¢ N.D.%* 6.73 £ 0.45¢ 8.20 + 0.39°
S. aureus 8.81+£0.08" 3.72+0.10¢ N.D.° 6.13£0.12¢ 8.63+0.10°
B. cereus 7.59 £0.03° 4.34+0.04° N.D.* 4.53+0.12° 4.53+0.12°

YMeans + standard deviations with different letters within a line are significantly different (P < 0.05)

YA : 100ppm electrolyzed water

9B : 100ppm electrolyzed water with 2% acetic acid
9C : 100ppm electrolyzed water with 2% maleic acid
9D : 100ppm electrolyzed water with 2% citric acid
9N. D.: Not detected (Detection limit : 3 log,, CFU/ml)
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Table 3. Efficacy of electrolyzed water with different concentration of acetic acid in killing S. Typhimurium, S. aureus and B. cereus cells

Path log,, CFU/ml1"

athogens
& Initial level A? BY cY D E® F?

S. Byphimurium  8.92 + 0.36° 3.10+0.10° 7.57 + 0.08° N.D.% N.D. N.D.¢ N.D.*
S. aureus 8.81+0.10* 3.72+0.12° 8.30 = 0.05° N.D.¢ N.D.¢ N.D.¢ N.D.¢
B. cereus 7.59 +0.04* 4.34 +0.05°¢ 6.03 +0.02° 3.16 +0.28¢ N.D.¢ N.D.¢ N.D.¢

"Means + standard deviations with different letters within a line are significantly different (P < 0.05)
PA: 100ppm electrolyzed water,

9B: 2% acetic acid,

9C: 100ppm electrolyzed water with 0.5% acetic acid,

9D: 100ppm electrolyzed water with 1.0% acetic acid,

9E: 100ppm electrolyzed water with 1.5% acetic acid,

F: 100ppm electrolyzed water with 2.0% acetic acid

®N. D.: Not detected (Detection limit : 3 log,, CFU/ml)

@
N
w

1 a

b b b
I bC bbcb
I 5 ch
lida © SMLITTT
H-HH in ° | in
/mEmmmm L i I Rl
A B C D E F A B ¢ D E F

Fig. 1. Efficacy of electrolyzed water combined with different concentration of acetic acid in killing S. Typhimurium(1), S. aureus(2),
and B. cereus(3) cells inoculated on perilla leaves.

A: Initial level, B: 100ppm electrolyzed water, C: 100ppm electrolyzed water with 0.5% acetic acid, D: 100ppm electrolyzed water with
1.0% acetic acid, E : 100ppm electrolyzed water with 1.5% acetic acid, F: 100ppm electrolyzed water with 2.0% acetic acid
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Fig. 2. Efficacy of combination of electrolyzed water with acetic acid and ultrasound treatment in killing S. Typhimurium(1), S. aureus

(2), and B. cereus(3) cells inoculated on perilla leaves.

A: Initial level, B: 100ppm electrolyzed water, C: ultrasound(25 KHz), D: 100ppm electrolyzed water combined with ultrasound
(25 KHz), E : 100ppm electrolyzed water combined with 0.5% acetic acid and ultrasound (25 KHz)
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