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Abstract: Most of the recent food borne outbreaks has linked to Eschericia coli 0157:H7
contamination of salad vegetables including lettuce. Though recent studie:; have examined the
application of E. coli 0 I57 :H7 and other human pathogens like Listeria monocytogens and Salmonella
on mature lettuce, littlc is known about these attachments of these pathogens to growing plants. The
potential of E. coli and L.monocytogens to become internalised into germinating and hydroponically
grown lettuce and watercress has been studied. With inoculatcd lettllce and watercress seeds (107 cfu/g)
with Ecoli strains and 1.monocytogens could be recovered initially from external and internal sites in 4
days old seedling. When 103 cfu/ml of Ecoli and 1.monocytogens were imroduces into nutrient
solution of hydroponically cultivated lettuce and watercress, no internalisation ofthese pathogens was
detected. As in the nutrient solution, inoculated pathogens declined significantly (P<0.01) during the
initial inoculation period and were undetected thereafter. The current study suggested that the
pathogens were able to internalised into germinating lettuce and watercress, however when these
pathogens were introduced at low cell densities, pathogens were unable to i llternalised into inner
tissues of salad vegetables. This suggests that the internalisation of pathogms has relied on cell
numbers of population.
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INTRODUCTION

In recent years an increase in human food borne illness has been associated with high consumption of
fresh produce. It has been reported that 17 food borne outbreaks have been linked to contaminated
lettuce or salad and about 50% of these outbreaks were attributed to contamination with Escherichia
coli 0157: H7 (18). Because E.coli 0157: H7 lettuce outbreaks have been recognised only recently,
little is known about th is bacterial-plant interaction. Studies have been shown that E. coli 0157: H7 can
survive on lettuce leaf surfaces for extended periods of time when it was applied in aqueous solution
using bovine faeces as a carrier [3]. Other human pathogens like Listeria monocytogenes and
Salmonella were also found to be able to internalised into inner tissues of lettuce plants when these
pathogens were introduced at high cell densities [17]. These researchers believe that these organisms
might enter plants through stomata pores and gain access to the interior tissues via cut leaf edges. The
intemalisation of human pathogens via natural opening has also been reported for apples inoculated
with Ecoli 0157:H7 [5,6] and tomatoes with Salmonella [19J. Previous reports have suggested that
human pathogens can also become internalised into the vascular system of growing plants [8,11,15]
although the mechanisms by which the pathogen is introduced into the plant are not flllly understood
[14]. Devising successful intelvention steps to reduce population of human pathogens on and in
vegetables eaten raw should be aided by iluormation concerning the source of contamination and the
ecology of pathogens affected by agronomic and minimal processing practices[2,4].

The objectives of this study reported here were to investigate the possibility of association of relevant
E.coli strains and L.monocytogenes with germinating lettuce and watercress seeds. Furthermore, the
potential of these pathogens to become internalise into young lettuce and watercress plants grown in a
hydroponics nutrient solution inoculated wit.h low cell densities of Ecoli and 1. rnonocytogenes in the
presence of an established competitive micro flora were investigated.
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MATERIALS AND METHODS

Bacterial strains and preparation of suspensions: Suspensions of E.coli (JM109, P36 (luxCDA BE),
slaughterhouse and lettuce isolates) and L. monocytogenes (fla2 mutant) luxAB were p::epared from
overnight culture grown aerobically at 37°C in brain heart infusion (Oxoid, Hampshire, UK). The cells
were harvested by centrifugation (4000 x g for 10 min at 4°C) and washed once in sterile maximum
recovery diluent (MRD:Oxoid,Basingsstoke, UK). The cell pellet was finally prepared by resuspending
the pellet in an appropriate volume of MRD to obtain suspension containing ca 107 CFU/ml (OD600
0.2).

Inoculation of lettuce and watercress seeds: Batches of lettuce (Saladin iceberg) ca 70 seeds/g and
watercress (Spinacia spinosa) (Nickerson-Zwaan, Lincoln, UK) co ]50 sceds/g were submerged for 20
min in suspensions of appropriate bacteria. The inoculated seeds were allowed to dry at room
temperature for 3 to 4 hours on sterile filter paper. Batches (lg) of inoculated seeds were suspended in
9ml MRD and bacteria released by vortexing for 1 min. Aliquots of the diluted suspensions were then
plated onto E.coli petri film (3M, MN, USA), Oxoid plate count agar, plate count agar with kanamycin
(30llg/ml) and Listeria Oxford formula medium (Oxoid, Basingstoke, UK). Plate count agar and
Listeria Oxford formula medium were incubated at 30°C for 48 hours. Plate count agar with
kanamycin (to select for E.coli P36) and E.coli petri film were incubated at 37°C for 24 hours. The
remaining seeds were germinated on the damp filter paper at 15°C in the dark for 7 days.

Plants cultivation: i).Hydroponic cultivation of lettuce plants:Genninated seeds were transferred to
rockwool blocks (Growdan, Hedehusene, Denmark) pre-damped with a commercial hydroponics
nutrient medium (Nutriculture .. Suffolk, UK). Seedlings were allowed to develop in growth chanlbers
maintained at 16°C with 12 hours per day illumination. After the seedlings had developed sufficiently
(ca. 17 days) the lettuce plants were transferred to a nutrient film technique (NFT) hydroponic system.
The hydroponic system consisted of three plastic channels 3 m long and 22 cm wide with 17 plants
within each trough. The nutrient solution held in an 80 litre tank was continuously circulated in a
closed loop via a centrifugal pump. The base of plants was covered witll a polyethylene sheet layer to
prevent contact of lettuce leavt:s with the underlying rockwool base substrate. The nutrient solution
within the holding tank was inoculated with the appropriate bacteria to give final cell densities of 103

CFU/ml. ii) Cultivation ofwatercress plants. Germinated watercress germinated seeds were transferred
into the gravel bedding within the plastic channels and nutrient solution was continuously circulated in
a closed loop via a centrifugal pump. A hydroponic system containing no added human pathogen was
examined in parallel as a control. Samples oflettuce and watercress plants and nutrient solutions were
taken periodically throughout the cultivation period.

Microbiological analysis: i) Lettuce and watercress plants: The plant samples were placed in the
appropriate volume of MRD and the loosely attached bacteria on the surface were relea~;ed by vortex
for 1 minute. The plants were then surface sterilised using 10% (v/v) sodium hypochlorit,~ solution (in
50mM phosphate buffer at pH6) for 20 minutes and subsequently rinsed three times in stl~rile distilled
water. The plants were macerated (extracted) using a sterile scalpel blade and suspended in MRD and
plated onto the appropriate agar as previously described. E.coli P36 and L.monocytogenes were
enumerated using plate count agar with kanamycin (incubated at 37°C for 24 hours) and Listeria
Oxford formula (incubated at 30°C at 48 hours) respectively. E.coli JM109 was enumerated using
chromogenic agar (Oxoid Basingstoke, UK) after incubation at 37°C for 24 hours. The :uminosity of
the colonies was determined using a NighL Owl luminometer (Nightowllight imager, EG & G Berhold,
Germany. ii) Nutrient solutions. Nutrient solutions from each tank were taken every 24 hours to
deternline the populations of thJ bacteria.

RESULTS AND DISCUSSIONS

Distribution of E.coli strains and L.monocytogens FLA2 mutant derived from inoculate;d seeds. The
initial loading of E.coli strains and L.monocytogenes fla2 mutant recovered from inoculated seeds of
lettuce and watercress were independent of bacterial type (Table I). When the seeds were further
germinated for 7 days at 15°C, the inoculated E.coli strains and L.monocytogenes fla2 mutant (luxAB)
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were recovered from surface (wash) of seedlings (Table 1). When surface stelilised lettuce samples
were screened, Ecoli were recovered to varying degrees with Ecoli P36 (h!xCDABE) and E.coli
JMl09 reaching high cell densities compared to the other strain tested. L.monocytogenes also become
internalised (Table 1). It was only E coli P36 (/uxCDABE), Ecoli lMl 09 and L.monocytogenes (luxAB)
were internalised into watercress (Table 1).

Table 1: Bacterial counts (Joglo Cfll/g) of initial loading on lettuce and watercress seeds and day 7
seedlings derived from inoculated seeds.

Lettuce Wate:rcress
Strains Initial Wash Extract Initial Vvash Extract

loading loading
P36 6.74 ± 0.70 5.04 + 0.01 3.25 ± 0.02 7.18 + 0.01 4.96t 0.02 2.49 + 0.50
JM109 6.71 ± 0.73 4.34 ± 0.01 2.62 ± 0.01 6.69 ± 0.01 4.29 :t 0.03 2.15 ± 0.03
Let.iso. 6.19 ± 0.66 4.09 ± 0.07 1.59 ± 0.16 6.82 ± 0.11 4.13+- 0.03 2.13 +0.31
1 6.22 ± 0.02 3.68 ± 0.02 1.30 ± 0.01 6.13±0.1l 3.67 :+- 0.13 ND
II 6.39±0.10 3.99 ± 0.03 1.39±0.12 6.30 + 0.10 3.93 :+- 0.01 ND
L.mol7o 5.93 ± (l.05 3.27 ± 0.0.1 1.04±0.19 5.91 ± 0.05 3.26:t 0.01 ND

JMI09: Escherichia coli lMI09
P36: Escherichia coli P36 (bioluminescence)
I : Escherichia coli strain from slaughterhouse I
ND: Not Detected
*Bacterial counts >300 colonies

Let. iso : Escherichia coli stra.in from lettuce isolate
L.mono: Listeria monocytogmes
II : Escherichia coli strain from slaughterhouse II

lnternalisation of Ecoli and L.monocytogenes into hydroponically cultivated lettuce and watercress.
Lettuce and watercress seedlings (14 day old plants) derived from non-inoculated seeds were
introduced into a hydroponic growth medium containing a Ecoli P36 (bioluminecsence), Ecali lMI09
and L.monocytogenes fla2 mutant at 103 cfulrnl. It was observed that E.coli P36 was recovered from
surface on lettuce (n=2) at day 4 (IOglO 2.56 ± 0.02) ofthe cultivation period but declined at day 8 (Joglo
1.96 ± 0.17) and day 11 (lOglO 1.65 ± 0.07) to undetectable levels thereafter (Figurel). Ecoli P36
interact with watercress (n=2) to a lesser extent compare to lettuce and was recovered on the surface of
the plants at start of culbvation period. L. monocytogenes was detected on lettuce surface at day 4 (Jog] 0

2.5 I ± 0.03) and day 8 (loglo 2.07 ± 0.17) of the cultivation period (Figure I) but only at day 4 (JOgIO
2.10 ± 0.14) from watercress surface. Neither Ecoli P36 nor L.monocytogenes was recovered from
extracts of lettuce and watercress throughout the cultivation period of 39 days. E.coli JMl09 under the e
same condition was reI_overed from the surface of the plants during initial 3 days (log]O 3.8 ± 0.08) of
the growing period and slightly increased on day 6 (lOgIO 4.72 ± 0.03) before declining until day 13
(log lO 2.07 ± 0.1) of cu.ltivation period. No internaIisation of the pathogens was observed during the
growing process.The counts of E.co/i P36, E.coli lMI09 and L.mol7ocytogenes within the hydroponic
solution progressively declined during the cultivation period of 39 days. E. coli P36 from the lettuce and
watercress hydroponic solution reach undetectable levels' after day 10 and day 3 respectively (Figure3).
Whereas L.monocytogenes disappeared from lettuce hydroponic solution at day 3 and day 2 from
watercress hydroponic solution (Figure 2). No Ecoli lMI09 was detected from lettuce nutrient solution
5 days after inoculation (Figure 2).
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Figure 1: Bacterial counts (Joglo cfu/g) of harvested lettuce and watercress plants cultivated in
hydroponic solution inoculated with l03cfu/ml of Escherichia coli P36 (bioluminescwce) and

Listeria monocytogenes.
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Figure 2: Total bacterial counts (logj 0 cfu/ml) of hydroponic solution of lettuce and \"atercress
inoculated with Ecoli P36 (bioluminescence) and L.monocytogen at inoculum level or 103 cfu/ml.

All the Eco!; strains and L.monocytogenes used in this study were able to attach to rhe surface of
lettuce and watercress plants tissues during seedling growth. The ability of human pathogl~ns like E coli
and L.monocytogenes to grow on seedlings for the first few weeks of growth has been reported by
Hirano and Upper [13]. It has also found that Ecoli 0157:H7 was able to proliferate 10l - 105 fold at
early stage of plant growth including germination [9]. Based on culture, 20 mill. exposure of exterior
surface on seedlings to 10% sodium hypoclorite eliminated most culturable bacteria, suggesting that
E.coli PJ6 (biolnminescent tag), E.coli JM109 and L.monocytogenes luxAB (fla2 mutant) were able to
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internalise into the plants whereas E.coli wild types strains grown at comparable levels and did not
internalised to any greater extent except in the watercress Cfable 1). A result which is in agreement
with some of the resea rchers, who reported that several bacterial traits, including motility, chemotaxis,
salt tolerance, binding to roots and the production of O-antigenic side chain ,)f lipopolysaccharides
have been correlated with the colonisation of seeds and roots 11,7]. However the capability of bacterial
to establish on or within the plants varies with the plant types [12,18]. This could be due to different
exudates constituent. The complex mixtures of carbohydrates, anlino acids, organic acids, and other
nutrients released from seeds aud roots are thought to support the growth of bacteria. However it was
proven by Robert et al. [16.1 that different plants released different constituent of compounds which
produce an effect on bacterial growth during colonisation and the levels of seed exudates were believed
to have em effect on bacterial growth.

The performance of E.coli P36 (luxCDABE), E.coli JMl09 and L.monocytogenes (luxAB) were
examined on hydroponics cultivated lettuce and watercress plants. From the result, it was suggested
that introduction of these human pathogens at lower numbers (103 cfu/ml) into the nutrient solution in
the presence of an established competitive micro flora did not result in intermJisation.However the
pathogens tended to attach to the outer surface of the plants at the initial stage of the cultivation
process. This is supported by the fact that bacterial-plant association was generally dose-dependent,
with the lowest inoculation dose resulting in the lower association levels [18]. It also believed that
activation of plant defe:nse mechanisms might playa role in suppressing saprophyte bacteria. Hawes et
at. [10] found that the root border cells which play role in the defense mechanism are able to synthesize
defensive structures and bind to the bacteria as well as control their growth. Another suggestion is that
the inoculated bacteria being filtered by the gravel used as bedding for watercress. This might lead to
lower numbers of path.ogeus present in the nutrient solution so that undetectable levels are present at
the early stage of cultivation.

In conclusion, this study of the interaction ofbacteria with lettuce and watercress seeds studies revealed
that under high cell densities (107 cfu/ml), both E.coli and L.monocytogenes had the ability to colonise
the surface and inner tissues of germinating plants. The result also revealed that the growth rate of
pathogens was dillcrent with different types of seed or plants. However, under natural condition,
introduction of these human pathogens in lower numbers (103 cfu/ml), with the presence of an
established competitive microflora resulted no internalisation into both lettuce and watercress plants
grown hydroponically in inoculated nutrient solution. From all the findings, it can be suggested that
internalisation of E.coli and L.monocytogenes into growing lettuce and watercress are dependent on
the cell numbers present.
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