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Abstract

This study investigated the microbial safeties and germination rates of five domestic sprout species (alfalfa, broccoli,
clover, red cabbage, and red radish) grown from disinfected seeds. The 48 h germination rates of all seeds were
over 90% regardless of treatment. Seed total plate count(TPC) and coliform levels were reduced significantly (p<0.05)
by treatment with 20,000 ppm calcium hypochlorite solution at 25°C for 15 min, following FDA recommendations.
However, after germination, all sprouts regardless of treatment exhibited bacterial counts of 10-10° CFU/g. Listeria
monocytogenes was detected at 10°-10° CFU/g on germinated non-disinfected clover seeds at days 1, 2, and 5.
In conclusion, although sprout germination from disinfected seeds potentially permits the growth of sprouts with
lower pathogen counts, there were no significant differences in TPC or coliform levels between sprouts grown
from disinfected seeds and control sprouts. Further work is needed to improve the microbial safety of cultivated
sprouts and to find optimal conditions for seed germination.
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Table 1. Germination rate of five seeds by washing and sterilization treatments’

Germination rate (%)

Treatment Time (hr)
12 % 36 48

Distilled water 80.00.0™ 90.0£0.0* 90.02.8"* 92.0£2.8™

Tap water 62,028 74.0£2.8° 84.0£0.0° 92.0+0.0™

70% Ethanol 58.042.8¢ 76.045.6 80.0£0.0° 90.0+0.0™

Alfalfa Ca0Cl, 20,000 ppm 38.0:00® 84.012.8" 84.0:0.0" 88.0:2.8™
10% NaOCl 50 ppm 720£56™ 74,000 86.0+8.4™° 96.0:0.0"

10% NaOCl 100 ppm 64.0+0.0°" 80,0169 88,0456 94,0+0,0™

10% NaOCI 200 ppm 74.0£5.6™ 84.0£5.6"° 86.00.0® 94,0+2.8

Distilled water 18.0£0.0 40.0£00"™ 46.0:0.0" 80.0£0.0*

Tap water 18.0+2.8% 340456 520428 78.0:0.0"

70% Ethanol 6.00.0" 30.0+0.0 50.02.8" 76.0£0.0*

Broccoli CaOCl, 20,000 ppm 12.042.8™ 44,0456 56.0£0.0" 72.00.0*
10% NaOCl 50 ppm 14.0£0.0™ 36.0+0.0° 54.0+2.8° 80.0+0.0*

10% NaOCl 100 ppm 80400 40.0+0.0" 58.02.8" 78.0£0.0*

10% NaOCI 200 ppm 8000 36.0£5.6° 58.0+0.0™ 80.0+5.6"

Distilled water 4,028 86.0+2.8" 90.0£0.0" 98,000

Tap water 56,0456 64,0400 68.0£00% 90.0£0.0™

70% Ethanol 44.045.6™ 76.02.8" 88.00.0* 92.00.0*

Clover CaOCl, 20,000 ppm 44,0400 78.0+0.0™ 80.0+8.4* 90.0+0.0"
10% NaOCl 50 ppm 38.0:2.8" 78.0£00% 80.0£0.0® 98.0£0.0*

10% NaOCl 100 ppm 48.0+0.0™ 90.02.8" 92,000 96.0+0.0"

10% NaOCl 200 ppm 36.0+5.6° 64.042.8% 90.0:0.0" 96.0+0.0™

Distilled water 4,0£00™ 24,0428 38.0£00™ 78.0£00™

Tap water 802.8" 30.0£0.0° 48.0£00"™ 82.0£0.0*

70% Ethanol 4000 280:2.8" 32.0£0.0® 70028

Red cabbage CaOCl, 20,000 ppm 8.0:0.0™ 220400 300+2.8% 70028
10% NaOCl 50 ppm 12028 32,0400 48.0£2.8" 78.00.0™

10% NaOCI 100 ppm 10.0£2.8™ 28.0£5.6° 46.0+0.0™ 76.0+0.0

10% NaOCl 200 ppm 8.0£00™ 32.040.0° 48.0+0,0"™ 76.0+0.0°*

Distilled water 24.0:2.8" 74.0£2.8" 82.042.8" 94,0200

Tap water 34.0£2.8” 84.0£0.0° 90.0£2.8® 96.0£0.0*

70% Ethanol 18.0£2.8*° 80.040.01" 84.0£0.0" 90.0£0.0™

Red radish CaOCl, 20,000 ppm 28.0£0.0™ 54.0+2.8% 720£56" 86.0£0.0
10% NaOCl 50 ppm 14.042.8*° 56.0£0.0 74.0£0.0° 96.0£2.8"

10% NaOCl 100 ppm 22.0£2.8™¢ 60.0+5.6® 62.0:00% 96,000

10% NaOCl 200 ppm 12,0400 70.0+2.8% 72,000 90.0+0.0°

"The data represent the meantSD (n=50). Values with different capital letters within the row are significantly different and values with different small letters within the column
are significantly different at the p<0.05 by Tukey-K’s multiple range test.
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Table 2. Total plate count and coliforms during germination of alfalfa

Total plate count (CFU/g)

Coliform count (CFU/g)

Day Control Treatment Control Treatment
0 (seed) 625%10° + 4.71x10* 820x10' + 6.01x10" 1.72x10° + 1.52x10° 1.00x10" + 1.10x10™
1 6.00x10" + 625x10™ 792x10° + 7.60x10% 2.93x10" + 3.37x107 223x10° + 2.26x10°
2 1.10x10° + 5.89x10™ 2.80x10" + 2.61x10"™ 2.33x10" + 1.78x107 217x10° + 1.30x10®
3 200x10° + 9.57x10% 6.85x10" + 9.88x10™" 130x10° + 5.79x10" 332x107 + 2.34x10"™
4 1.70x10° £ 1.10x10™ 9.27x10" + 3.75%10" 120x10° = 1.20x10° 482x10" + 3.55x10™
5 (sprout) 2.30x10° + 9.81x10™ 1.80x10° + 5.22x10™ 130x10* + 130x10™ 1.10x10° + 1.00x10®
Mean *+ SD.
CFU: colony forming unit.
"1 p<0.05 by t-est.
Values with different letters within the same column are significantly different at the p<0.05 by Tukey-K’s multiple range test.
Table 3. Total plate count and coliforms during germination of broccoli
Total plate count (CFU/g) Coliform count (CFU/g)
Day Control Treatment Control Treatment
0 (seed) 2.35¢10" + 1.22x10" 300x10° + 1.42x10% 206x10° + 1.43x10% NDP
1 190x10° + 130x10* 307x10° + 2.51x10% 1.87x10° + 2.50x10™ 1.23x10° + 140x10™
2 9.60x10" + 1.14x10™ 1.50x10° + 1.50x10%™ 227x10" + 1.35%10™ 352x10° + 3.26x10%
3 1.50x10° + 4.46x10™™ 120x10* + 633x10™ 2.60x10" + 1.62x10™ 9.22x10° + 9.01x10®
4 6.52x10" + 1.16x10™ 2.10x10° + 6.94x10™" 6.00x10° + 4.79x10® 845x10° + 7.60x10™
5 (sprout) 250x10° + 2.06x10" 2.90x10° £ 1.00x10™ 3.62¢10° + 195x10" 6.12x10" + 8.77x10%
Mean * SD.

CFU: colony forming unit.
1 p<0.05 by t-test.

Values with different letters within the same column are significantly different at the p<0.05 by Tukey-K’s multiple range test.

Table 4. Total plate count and coliforms during germination of clover

Total plate count (CFUJg)

Coliform count (CFU/g)

Day Control Treatment Control Treatment
0 (seed) 2.83x10° + 2.62x10™ 1.80x10° + 1.81x10® 224x10° + 2.55x10° 153x10° + 1.52x10"
1 323x10" + 2.78x10™ 2.69x10" + 2.54x10™ 8.15x10° + 2.75x10° 530x10° £ 632x10™
2 7.80x10" + 4.85x10™ 572x10" + 4.07x10™ 415x10° £ 2.77x10° 361x10' + 3.12x10™
3 9.30x10 + 6.02x10™ 6.85x10" + 4.43x10™ 272x10° £ 1.12x10° 2.52x10 + 1.50x10%
4 9.95x10" + 2.37x10™ 560107 + 4.33x10™ 360x107 + 2.02x10' 240x10 + 138x10™
5 (sprout) 747%10" + 346x10™ 270x10" + 8.08x10% 425x10" £ 3.00x10™° 1.86x107 £ 1.55x10™
Mean * SD.

CFU: colony forming unit.
: p<0.05 by t-test.

Values with different letters within the same column are significantly different at the p<0.05 by Tukey-K’s multiple range test.
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Table 5. Total plate count and coliforms during germination of red cabbage

ZAZAFETI A A16d A3 (2009)

Total plate count (CFUJg)

Coliform count (CFU/g)

Control

Treatment

140x10° + 2.44x10®
120x10" + 4.54x10%
115x10 + 3.48x10%
180107 £ 9.17x10%
462x10" £ 3.59x10™
3.11x10° £ 3.16x10™

5.00¢10° + 5.00x10™
135%10° + 2.38x10™
1.82x10° + 3.77x10™
3.95x10° + 2.95x10™
522x10° + 3.00x10%
199x10" + 1.45x10™

Day Control Treatment
0 (seed) 345x10° + 1.50x10" 5.70x10" + 5.00x10"
1 1473107 + 4.42x10% 345x10° + 5.74x10™
2 137x10" + 3.77x10% 5.72x10° + 2.63x10™
3 365x10° + 1.91x10% 177x10" £ 1.01x10™
4 457x10" + 3.90x10™ 2.12¢10" + 9.60x10%
5 (sprout) 457x10" + 245x10" 317x10" + 1.58x10™
Mean + SD.

CFU: colony forming unit
: p<0.05 by t-test

Values with different letters within the same column are significantly different at the p<0.05 by Tukey-K’s multiple range test.

Table 6. Total plate count and coliforms during germination of red radish

Total plate count (CFUJg)

Coliform count (CFU/g)

Control

Treatment

138x10* + 651x10*
1.82x10° + 6.07x10%
475x10° £ 147x10%™
822x10° + 5.51x10™
305x10" + 1.59x10™
1.82x107 £ 320x10

150x10" + 1.70x10""
245x10" + 2.76x10°
2.22x10° + 9.46x10™*
330x10° + 3.36x10™
L11x107 + 7.93x10%
136107 + 7.89x10%

Day Control Treatment
0 (seed) 1.85%10" + 6.40x10° 920x10" + 9.00x10™
1 8.67x10° + 6.14x10° 2.00x10° + 2.18x10®
2 140%10" + 8.16x10° 1.08x10" + 135x10™
3 700x10" + 2.44x10° 1.88x10" + 1.29x10™
4 130x10° + 1.30x10° 190x10" + 1.82x10®
5 (sprout) 1.10x10° £ 9.16x10™ 437x10" £ 2.11x10"
Mean *+ SD.

CFU: colony forming unit.
: p<0.05 by t-test.

Values with different letters within the same column are significantly different at the p<0.05 by Tukey-K’s multiple range test.
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Table 7. Food-borne pathogens during germination of clover
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Day E czo)li E. coli O15THT Staphylococcus aureus Listeria monocytogenes Bacillus cereus Salmonella
(CFU/g) (CFUlg) (CEUlg) (CFUlg) (CFUp) spp. (CFUfg)
0 (seed)
1 1.0x10* 1.2x10*
2 8.5x10° 8.5x10%
3
4
5 (sprout) 1.5x10* 1.8x10%
Mean + SD.

CFU: colony forming unit.
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