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Abstract

The antibacterial effects of seed decontamination during presoaking before sprouting as an intervention step
for eliminating foodborne pathogens on red radish seeds were evaluated. The effect of seed decontamination
on seed germination rate was also evaluated. Red radish seeds were inoculated (at a level of 3 to 4 log CFU/g)
with Listeria monocytogenes ATCC 19111 and decontaminated with 20,000 ppm calcium hypochlorite, 50 and
100 ppm chlorinated water, acidic electrolyzed water, low-alkaline electrolyzed water, and ozonated water for
6 hours. The control seeds were immersed in distilled water. The germination rate was measured on each
treatment for 48 hours. Treatments with 20,000 ppm calcium hypochlorite, acidic and low-alkaline electrolyzed
water were more effective than treatments with chlorinated water and ozonated water. Immersion in 20,000
ppm calcium hypochlorite resulted in the largest microbial reduction (more than 3 logs). Treatments with acidic
and low-alkaline electrolyzed water reduced APC by 3 logs and L. monocytogenes counts by 2 logs. After
sprouting, APC and L. monocytogenes counts on seeds treated with 20,000 ppm calcium hypochlorite, acidic
and low-alkaline electrolyzed water were significantly lower than the control. The germination rate ranged from
93.5% to 97.7% except for 20,000 ppm calcium hypochlorite (from 82.3% to 84.8%) after 48 hours. Although
the treatments tested in this study will not eliminate L. monocytogenes on inoculated red radish seeds, the results
show that rapid growth of surviving cells during sprouting could be prevented if red radish seeds are given
a presoak treatment used in combination with a disinfectant treatment of irrigation water.
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Table 1. Effects of seed decontamination treatments on the sprouting of red radish seeds and APC
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Processing step

Treatment Seed Soaking Sprouting

5°C 4 ‘
DW (Control) 5.46+0.04"" 4974018 7.72+0.04°"
Ca(OCD2 20,000 ppm 5.46+0.04 1.59+0.26™ 6.95+0.03°
Chlorine 50 ppm 5.46+0.04" 3.48+0.03" 7.19+0.17%
Chlorine 100 ppm 5.46+0.04" 3.29+0.06%" 7.03+0.07%"*
Ozonated water 5.46+0.04" 4124014 7.28+0.03%
AcEW 5.46+0.04 3.17+0.12% 6.96+0.01°
Low-AIEW 5.46+0.04" 3.15+0.10*" 6.95+0.01%
F-value (p) 155538 47187

20°C 4 ‘
DW (Control) 5.48+0.05"" 5.03+0.10* 7.95+0.06%
Ca(OCl); 20,000 ppm 5.48+0.05" 1.79+0.10 7.02+0.06"
Chlorine 50 ppm 5.48+0.05" 3.97+0.06" 7.30+0.15°
Chlorine 100 ppm 5.48+0.05" 3.74+0.05™ 7.24+0.065"
Ozonated water 5.48+0.05" 4.70=+0.09™ 7.38£0.09%
AcEW 5.48+0.05" 3.26+0.10" 7.09+0.11°"
Low-AIEW 5.48+0.05" 3.16£0.12*° 7.08+0.10%"
F-value (p) 419.455"" 34.131

DW: distilled water, AcEW: acidic electrolyzed water, low-AIEW: low-alkaline electrolyzed water.
Means in the same row bearing different capital letters are significantly different by Tukey’'s multiple range test at p<0.05.
Means in the same column bearing different small letters are significantly different by Tukey’'s multiple range test at p<0.05.

"p<0.05, "p<0.01, ""p<0.001 by t-test.
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Table 2. Effects of seed decontamination treatments on the sprouting of red radish seeds and L. monocytogenes counts

Processing step

Treatment Seed Soaking Sprouting

5°C ]
DW (Control) 3.35+0.03 3.27+0.03"" 5.42+0.05°
Ca(OCl); 20,000 ppm 3.35+0.03 0.23+0.40™ 4.98+0.03%
Chlorine 50 ppm 3.35+0.03" 1.99+0.09"¢ 5.15+0.05°"
Chlorine 100 ppm 3.35+0.03" 1.95+0.05™ 5.03+0.05""
Ozonated water 3.35+0.03 2.21+0.04" 5.33+0.07
AcEW 3.35+0.03 1.26+0.24" 5.00+0.06
Low-AIEW 3.35+0.03" 1.36+0.10" 4.99+0.05"
F-value (p) 75.428™ 736.728""

20°C .
DW (Control) 3.44+0.04% 3.51+0.10™ 552+0.10™
Ca(OCl)s 20,000 ppm 3.44+0.04 0.23+0.40™ 5.02+0.08
Chlorine 50 ppm 3.44+0.04 2.26+0.16™ 5.27+0.157"
Chlorine 100 ppm 3.44+0.04 1.99+0.09" 5.24+0.14°
Ozonated water 3.44+0.04" 2.87+0.15" 5.31+0.05"
AcEW 3.44+0.04 1.42+0.10"" 5.05+0.09°"
Low-AIEW 3.44+0.04° 1.46+0.15" 5.06+0.06°"
F-value (p) 90.071"" 9642

DW: distilled water, AcEW: acidic electrolyzed water, low-AIEW: low-alkaline electrolyzed water.
Means in the same row bearing different capital letters are significantly different by Tukey’'s multiple range test at p<0.05.
Means in the same column bearing different small letters are significantly different by Tukey’s multiple range test at p<0.05.

"p<0.05, “p<0.01, "p<0.001 by t-test.
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Table 3. Effect of seed decontamination on the germination rate of red radish seeds

Germination rate (%)

Treatment 12 hr 24 hr 36 hr 48 hr

5°C
DW (Control) 30.00+4.58 77504265 91.75+2.87 95.25+3.77
Ca(OCD); 20,000 ppm 8.00+2.65" 39.00+14.42" 70.67+3.79" 82.33+3.06"
Chlorine 50 ppm 30.00+3.00™ 84.00+1.73" 92.67+1.15"° 95.50+3.79"°
Chlorine 100 ppm 30.00+2.52% 8467493 92.33+4.04™° 95.25+3.59™
Ozonated water 32.00+6.00™ 84.33+6.11"° 92.67+2.08" 95674153
AcEW 13.50£6.86" 75.25+7.09" 85.00+1.00° 94.50+3.42"
Low-AIEW 13.00+7.39" 71.00+3.61"° 80.67+2.52" 93.50£4.20™
F-value (p) 12,019 169347 28991 5809

20°C

W (Control) 33.00+4.76 83.00+8.68 93.00+2.71 97.00+1.41

Ca(OCD2 20,000 ppm 11.50+£4.73™ 56.17+7.40" 79.33+2.12" 84.80+2.50™"
Chlorine 50 ppm 61.00+6.56™" 94.00+1.00™ 95.67+0.58" 97.67+0.58"
Chlorine 100 ppm 66.80£1.92"" 91.80+1.30™ 96.60+1.14™ 97.40+1.67"°
Ozonated water 56.50£11.03" 86.25+7.85"° 95.00+1.00™ 97.75+1.50™
AcEW 46.00+10.58"° 82.40+8.44"° 89.50+2.08" 95.20+3.27"
Low-AIEW 25.33+6.43"° 74.00+13.25"° 84.25+4.92" 94.25+2.87"
F-value (p) 34617 12918 18.885" 21.159™
t-value (p) 47447 -1.296 -1.893 -0.788

DW: distilled water, AcEW: acidic electrolyzed water, low-AIEW: low-alkaline electrolyzed water.

“p<0.05, "p<0.01,
NS: not significant.
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p<0.001 by Dunnet’s multiple range test.
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