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The Rapid Detection of Pathogens in Organically Grown Vegetables
Using PCR-DGGE
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Abstract

In this study the polymerase chain reaction (PCR) combined with denaturing gradient gel electrophoresis (DGGE)
was evaluated as a method permitting the rapid detection of pathogens in fresh originally grown vegetables. A uni-
versal primer (341GC{/534r) was selected for its ability to amplify the V3 region of 16S-rRNA genes in their target
pathogens (Salmonella typhimurium, Pseudomonas fluorescens, Bacillus cereus, Listeria monocytogenes, Staphylococ-
cus aureus, E. coli). The 194 bp fragments in PCR were successfully duplicated as expected. The amplified frag-
ments of the same size from six different pathogens also showed good separation upon DGGE. The detection limit
of PCR-DGGE for six pathogens in fresh-cut lettuces were over 10° CFU/g when sampled by stomaching. However,
when the sampling method was changed from stomaching to shaking, the detection limit of six pathogens in organic
vegetables was shown to increase by over 10' CFU/g, but only those of B. cereus were over 10° CFU/g. Therefore,
PCR-DGGE was shown to be a reliable method for the detection of pathogens in fresh-cut vegetables.
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Fig. 1. A schematic diagram of DGGE.
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Fig. 2. Flow diagram of the different step in the analysis of
microbial community by PCR-DGGE.
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Fig. 3. Flow diagram of (a) boiling method and (b) genomic
DNA extraction by using boiling method.
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Table 1. T, value and GC(Guanine & Cytosine) content of six
pathogens.

Microorganism Melting GC
Temperature (T, °C) content

Salmonella typhimurium 84 56

E. coli 84 55

Listeria monocytogenes 83 53

Bacillus cereus 83 52

Staphylococcus aureus 82 51

Pseudomonas fluorescens 82 51
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Fig. 4. Results of PCR amplification from bacterial 16S rDNA
in 1.5% agarose gel. Lane M: 100 bp maker, Lane 1:
Salmonella typhimurium, Lane 2: E. coli, Lane 3: Listeria
monocytogenes, Lane 4: Bacillus cereus, Lane 5: Staphylococcus
aureus, Lane 6: Pseudomonas fluorescens, Lane 7: negative
control
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Fig. 5. DGGE analysis of the 16S rDNA amplicons generated by
PCR. Lanes 1: Listeria monocytogenes, Lane 2: Staphylococcus
aureus, Lane 3: Bacillus cereus, Lane 4: E. coli, Lane 5:
Salmonella typhimurium, Lane 6: Pseudomonas fluorescens, Lane
M: mixed template amplification products
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Fig. 6. Comparative amplification between E.coli and chloroplast
for detecting inoculated E. coli in organic vegetables by
stomaching method. Lane 1: E. coli of 10' CFU/g inoculated,
Lane 2: E. coli of 10> CFU/g inoculated, Lane 3: E. coli of 10°
CFU/g inoculated, Lane 4: E. coli of 10*° CFU/g inoculated
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Fig. 7. Comparative amplification between E. coli and chloroplast
for detecting inoculated E. coli in organic vegetables by shaking
method. Lane M: artificial marker, Lane 1 to 8: E. coli of 10'-10?
CFU/g inoculated
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Fig. 8. DGGE profiles for the detection limit of six pathogens in
organic vegetables. Lane M: artificial marker, Lane 1 to 8:
artificially inoculated from 10' to 10° CFU/g in organic
vegetables.
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