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ABSTRACT - The purpose of this study was to provide safety management information by analyzing the sur-
vival and growth-related properties of foodborne pathogens from Romaine lettuce. After cultivating E. coli O157:H7
for 72 h on Romain lettuce via spray inoculation, the bacteria population increased by 2.0 log CFU/g from the initial
population, confirming the possibility of survival and multiplication of the pathogen thereon. The study also revealed
that there is no significant difference in the cultivation of E.coli O157:H7 after 72 h from inoculation on damaged and
undamaged lettuce leaves. As a result of investigating distribution of E.coli O157:H7 on damaged lettuce leaves, it
was found that the bacteria is unlikely to adhere on the smooth surface of undamaged leaves and, thus, results in a low
population density, whereas the bacteria cluster on the rough surface of damaged leaves and easily enter through the
damaged tissues. Furthermore, after 24 h of cultivation of the pathogenic microbe in the extract with concentrations
of 10-100%, utilization of the lettuce extract by the pathogen was found to be 8.9 log CFU/mL E. coli O157:H7, 8.6
log CFU/mL L. monocytogenes, and 8.8 log CFU/mL P. carotovorum. The increase in the population of both the
pathogenic microbe and foodborne pathogen reached over 4 log CFU/mL, implying the microbe can utilize the lettuce
extract as a source of nutrition. Compared to the initial inoculation concentration in 0.1% lettuce extract, the final con-
centration has increased up to 2.7 log CFU/mL E. coli O157:H7, 1.3 log CFU/mL L. monocytogenes, and 2.9 log CFU/
mL P, carotovorum. Accordingly, the study confirms that the minimal growth concentration of the pathogenic microbe
is lower than 0.1% and that the pathogen possibly survive and multiply inside the lettuce leaves given the lettuce
extract with concentration of 0.1% is consistently supplied through the damaged tissues.
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Fig. 1. Changes of E. coli O157:H7 population inoculated in
romaine lettuce.
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Fig. 2. The survival rate of E. coli O157:H7 between with and
without wound in romaine lettuce.

Fig. 3. Localization of E. coli O157:H7 in romaine lettuce (arrows indicate the inoculated bacteria). Control (A) without wound inocu-
lated by E. coli O157:H7 (B), after rubbed with lettuce leaves (C) with wound (D). A-D (x1,000), D (x3,000).
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Table 1. Growth of Escherichia coli O157:H7, Listeria monocytogenes and Pectobacterium carotovorum in the different concentrations
of romaine lettuce extract

Escherichia coli O157:H7

Listeria monocytogenes

Pectobacterium carotovorum

Extract (%)

Before (0) After (24 h) Before (0) After (24 h) Before (0) After (24 h)

Control 4.20+0.03 4.20+0.02" 4.32+0.06 4.19+0.07° 4.11+0.04 4.06+0.04°
10 4.20+0.03 8.90+0.09° 4.38+0.04 8.64+0.17¢ 4.23£0.05 8.84+0.01%°

20 4.24+0.03 9.07+0.03" 4.35+0.03 8.89+0.09° 4.2540.01 8.92+0.06"

30 4.30+0.03 8.94+0.09* 4.38+0.02 9.10+0.00° 4.08+0.12 8.70+0.06°

50 4.244+0.01 8.92+0.05* 4.41+0.05 9.43+0.04* 4.22+0.04 8.90+0.04*

100 4.26+0.04 8.62+0.22° 4.38+0.04 9.33+0.04* 3.98+0.24 8.98+0.22°

' Different letters above table indicate significant differences among extract concentrations.
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Table 2. Minimum growth concentration of Escherichia coli O157:H7, Listeria monocytogenes and Pectobacterium carotovorum in

romaine lettuce extract

Pectobacterium carotovorum

Extract Escherichia coli O157:H7 Listeria monocytogenes

(%) Before (0) After (24 h) Before (0) After (24 h) Before (0) After (24 h)

0 3.88+0.11 4.52+0.03% 3.69+0.07 3.33+0.05' 4.13+0.10 4.38+0.07
0.1 4.21£0.11 6.95+0.05" 3.56+0.10 4.85+0.04" 4.28+0.04 7.19£0.03¢
0.2 3.94+0.26 7.35+0.18¢ 3.53+0.12 5.54+0.17¢ 4.35+0.01 7.49+g0.03°
0.3 4.18+0.32 7.65+0.11¢ 3.57+0.17 6.09+0.02" 4.28+0.04 7.69+0.11°
0.4 4.15+0.09 7.76£0.06 3.56+0.06 6.41+0.08° 4.03+0.47 7.7140.04°
0.5 4.15+0.05 7.86£0.07™ 3.49+0.01 6.66+0.06° 4.36+0.05 7.72+0.17%
0.6 3.66+0.31 7.78+0.12% 3.49+0.08 6.66+0.05¢ 4.34+0.02 7.75+0.02°
0.7 4.17+0.24 7.91£0.09 3.49+0.04 6.81£0.05¢ 4.38+0.02 7.78+0.07°
0.8 3.68+0.73 7.95+0.07% 3.48+0.15 6.93+0.04 4.33+0.05 7.80+0.11°
0.9 3.66+0.37 8.07+0.05° 3.60+0.11 6.97+0.02° 4.37+0.03 7.78+0.10*
1.0 3.91+0.08 8.05+0.03" 3.62+0.10 7.2140.03 4.19+0.05 7.84+0.06°

* Different letters above table indicate significant differences among extract concentrations
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