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ABSTRACT

The effect of attachment time (30 min, 24, 48 & 72 h) followed by chlorine washing
(200 ppm) on the survival of inoculated Listeria monocytogenes on the surface and
sub-surface of tomatoes and spinach were studied. The work was done to determine
the efficacy of chlorine to decontaminate surface and sub-surface pathogens that may
have come into contact with produce during pre-harvest. Tomatoes and spinach leaves
were inoculated with a 6 log cfu/ml 18 h culture of L. monocytogenes ATCC 7644
(LM) on the surface and sub-surface and incubated at 20 °C for either, 30 min, 24, 48
or 72 h. LM attached and survived on the surface and sub-surface structures of both
control and chlorine washed vegetables after each attachment time, up to 72 h. Higher
levels of LM attachment and survival was however noticed on the sub-surface
structures. Chlorine had a greater effect on the LM on the surface structures compared
to those in the sub-surface structures, possibly because chlorine was not able to access
the sub-surface structures where the pathogens were located. Chlorine was not
effective in totally inactivating the surface LM on spinach and tomato. This research
indicated that LM could attach to both surface and sub-surface structures of both

tomatoes and spinach, within 30 min, and that even after 72 h, it still remained viable.
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Practical Application: This study will inform the produce industry on the ability of
L. monocytogenes ATCC 7644 to attach and grow on the surface and sub-surface
structures of tomato and spinach during pre-harvest and post-harvest. More attention
should be given to this phenomenon because the use of fresh or minimally processed
fruits and vegetables are recommended as part of a healthy diet. It also indicates that
minimal processors should avoid using vegetables with wounds since L.
monocytogenes attached more to the sub-surfaces structures of the produce.
Moreover, the use of sanitizers such as chlorine is less effective under these
conditions. It has also brought to light the inability of chlorine to effectively
decontaminate pathogens. This will make it mandatory for the industry to implement
preventive measures i.e., Hazard Analysis Critical Control Point (HACCP), Good
Agricultural Practice (GAP) and Good Hygiene Practice (GHP) instead of corrective

measurcs.

INTRODUCTION
A major pre-harvest source of contamination of produce is irrigation water (Beuchat
& Ryu, 1997; Beuchat, 2002). Ibenyassine et al., (2006) reported that contaminated
irrigation waters and surface run-off waters are the major sources of pathogenic
microorganisms that contaminate fruits and vegetables. Steel et al., (2005) carried out
a survey on 500 irrigation water samples used for production of fruit and vegetables in
Canada and found about 25 % of the samples to be contaminated with faecal E. coli
and faecal Streptococci. Surface water when used to irrigate produce poses a health
risk of contamination with Salmonella (Johnson et al., 1997). Most surface waters
were also found to be contaminated with Listeria. Combarro et al., (1997) frequently
isolated Listeria species from river water in Spain. Pathogens in irrigation water can
attach to the surface of vegetables during pre-harvest (Ijabadeniyi et al, 2008;
Solomon et al., 2006; Kenney & Beuchat, 2002). Different workers have shown that
attachment of Listeria monocytogenes is possible through the release of an enzyme to
surrounding host tissue or produce to facilitate bacterial attachment and infiltration
(Hall-Stoodley & Stoodley, 2005; Jedrzejas, 2001). Production of extracellular fibrils
and flagellin have also been reported to be used by Listeria monocytogenes to enhance
attachment (Kalmokoff et al., 2008; Lemon et al., 2007) After attachment, they can

gain access to the sub-surface structures through natural openings and wounds on



vegetable surfaces; a process called internalization (Warriner et al., 2003; Bartz,
2006; Solomon et al., 2006). Internalization is possible because of the natural
openings such as stem scars, stomata, lenticels, root systems and broken trichomes
(Quadt-Hallman et al., 1997; Allen et al., 1990), as well as due to damage of the waxy

cuticles on the plant tissues (Solomon et al., 2006).

Chlorine is routinely used as a sanitizer in wash, spray and flume waters in the fresh
and minimal processed fruit and vegetable industries (Fonseca, 2006 & Bhagwat,
2006). Antimicrobial activity depends on the amount of free available chlorine or
hypochlorous acid in water that comes into contact with microbial cells (Beuchat &
Ryu, 1997; Beuchat, ef al., 1998). The concentration normally used is between 50-
200 ppm and the contact time is 1- 2 min (Beuchat, 1998). In South Africa, sodium
hypochlorite is commonly used to sanitize fresh vegetables (Clasen & Edmondson,

2006).

Antimicrobial agents, such as chlorine, hydrogen peroxide, ozone are not effective in
completely eliminating all the bacteria on the surface of plants or vegetables
(Solomon et al., 2006; Doyle & Erickson, 2008). Internalization is a major problem in
the fresh produce industry because pathogens present within the sub-surface structures
of plant or vegetable are protected from the sanitizing effect of antimicrobial agents
such as chlorine, hydrogen peroxide, ozone (Solomon et al., 2006; Doyle & Erickson,

2008).

Although a lot of research work has been reported on the ability of pathogens like E.
coli O157: H7 and Salmonella spp. to attach and gain access to the sub-surface
structures of vegetables; not many reports have focused on L. monocytogenes
(Beuchat, 1996). L. monocytogenes has the potential to cause human listeriosis after
consumption of contaminated raw vegetables (Beuchat, 1996). L. monocytogenes has
the ability to overcome food preservation and safety barriers such as refrigeration
temperature, low pH and high salt concentration (Gandhi & Chikindas, 2007; Gorski
et al., 2005; Brandl, 2006). Broccoli, cabbage, salad greens and other vegetables pose
even a higher risk of being associated with listeriosis because of enhanced L.

monocytogenes attachment (Ijabadeniyi et al, 2009; Ukuku et al., 2005; US



FDA/CFSAN, 2008). Attachment and growth on some produce including spinach has
been reported (Gorski et al., 2004; Jablasone et al., 2005)

The aim of this study was therefore to determine the effect of attachment time on the
survival of L. monocytogenes on the surface and sub-surface structures of tomatoes
and spinach. Subsequently, the effect of chlorine on the sub-surface and surface of L.

monocytogenes on tomatoes and spinach after harvest was determined

MATERIALS AND METHODS

Reference strain

Listeria monocytogenes ATCC 7644 (LM) was obtained from the Agricultural
Research Council, Irene, South Africa. The strain was cultured in Fraser Broth (FB)
(Oxoid Ltd; Basingstoke, Hampshire, England) for 24 h at 37 °C and then stored at 4

°C. The working stock culture was sub-cultured into FB twice a month.

Tomatoes and spinach

Fresh tomatoes and spinach were purchased from a retail outlet on three separate
occasions in Pretoria (South Africa). Tomatoes and spinach were examined and those
with visual defects were not used. Tomatoes and spinach were washed with 70 %

alcohol and tested for the presence of LM.

Inoculation of surface and subsurface structures of tomatoes with L.
monocytogenes ATCC 7644

A 6 log cfu/ml, 18 h culture of LM, determined using McFarland standards (Andrews,
2005), was used as inoculum for all the experiments. This method uses optical density
to determine titer. Eight tomatoes were inoculated on the surface and 8 within the
sub-surface per experimental repetition. The experiment was repeated three times. To
inoculate the tomatoes within the sub-surface structures, wounding was first simulated
at 5 locations per tomato by using a sterile 1 ml plastic pipette tip, according to the
method of Walderhaug et al. (1999). Five locations on the tomatoes were inoculated
with 0.2 ml LM, to allow for even distribution of the inoculum into the tomato

(Walderhaug et al., 1999). To inoculate the surface of the tomatoes 1 ml of LM was



released over the surface of each tomato with a sterile pipette. Tomatoes were brought
into contact with roll-off liquid on the sterile inoculating dish, using sterile tweezers,

to assure that roll-off liquid was absorbed onto the tomato surface

Inoculation of surface and subsurface structures of spinach with L.

monocytogenes ATCC 7644

Eight spinach leaves were inoculated on the surface and 8 within the sub-surface per
experimental repetition. To inoculate the spinach on the sub-surface structures, a
sterile needle was used to make a thin line in-between the leaf petiole (stem of a leaf)
and 1 ml of the LM culture was introduced across the thin line (Walderhaug et al.,
1999). To inoculate the surface of spinach leaves, a sterile pipette was used to release
I ml of the LM culture over its surface while the leaves were lying flat. After

inoculation, they were allowed to attach and extent of attachment of LM was studied.

Chlorine washing of inoculated vegetables

After attachment of LM for 30 min, both surface inoculated and sub-surface
inoculated tomatoes were washed by dipping into 200 ppm of chlorine for 1 min
(Beuchat, 1998). The control was washed by dipping in distilled water. To disallow
tomatoes from floating during washing, sterile tweezer was used to submerge the
tomatoes in the chlorine water. The procedure was repeated for the treated and

control samples after attachment of LM for 24, 48, and 72 h respectively.

After attachment of LM for 30 min, both surface inoculated and sub-surface
inoculated spinach leaves were washed by dipping into 200 ppm of chlorine for 1 min
(Beuchat, 1998). The control was washed by dipping in distilled water. The
procedure was repeated for the treated sample and control after attachment of LM for

24, 48, and 72 h respectively.

Enumeration of L. monocytogenes ATCC 7644 on the surface and sub-surface
structures of vegetables

To enumerate the number of LM on tomatoes, at each attachment time interval, on
the surface and within the sub-surface, 100 g of tomato was added to 900 ml of

distilled water after which maceration in stomacher lab-blender 400 (Fisher Scientific,



Mississauga, Canada) and plating on Palcam agar (Oxoid Ltd; Basingstoke,
Hampshire, England) were done. Enumeration of LM was done with pour plate

method.

To enumerate the number of LM on spinach leaves at each attachment time interval
on the surface and within the sub-surface, 10 g of spinach leaf was added to 90 ml of
distilled water after which maceration in stomacher lab-blender 400 (Fisher Scientific,
Mississauga, Canada) and plated on Palcam agar (Oxoid Ltd; Basingstoke,
Hampshire, England) were done. Enumeration of LM was done with pour plate

method.

Preparation and observation of specimens for SEM

Pieces of tomato/spinach (about 2 by 2 mm area and 0.5 mm thickness) were gently
cut off the inoculated surface of each tomato/spinach sample using a sterile blade. The
cut pieces were fixed overnight in 4% glutaraldehyde, and rinsed twice with 0.1 M
sodium phosphate buffer pH 7. 0. The samples were further fixed in 2% osmium
tetroxide for 1 h and rinsed twice with 0. 1 M sodium phosphate buffer. Fixed samples
were dehydrated in a graded ethanol series (30%, 50%, 70% and 100%). All
procedures through dehydration were carried out at about 48C. The samples were
dried in a LADD Ceritical-Point drier (LADD Research Industries, Inc., Burlington,
Vermont, USA) with CO, as the transition gas. They were then mounted on specimen
stubs and coated with approximate 30 nm layer of gold-palladium using a Hummer I
sputter coater (ANATECH, LTD, Springfield, Virginia, USA). The samples were
examined with a JEOL JSM-840 scanning electron microscope (JEOLUSA Inc.,
Peabody, Massachusetts, USA) at an accelerating voltage of 5 KV. Digital
micrographs were collected at a resolution of 1280 x 960 and dwell time of 160 s. The
digital images were adjusted using Adobe PhotoShop 5.0 and printed with a Codonics
1660 dye sublimation/thermal printer (Codonics, Inc., Middleburg Heights, Ohio,
USA) using the thermal method.

Statistical analysis
Analysis of variance (ANOVA) was used to determine whether there was significant

difference between the following factors inoculation site (surface vs. sub-surface),



chlorine and attachment time. The experiment was repeated three times (n=3).
ANOVA was performed using Statistica software from windows version 7 (Tulsa,

Oklohama, USA, 2003).

RESULTS

Effect of attachment time followed by chlorine washing on the survival of

inoculated Listeria monocytogenes on tomatoes

Effect of attachment time

Attachment time, significantly (p < 0.05) affected the LM count on the surface and
sub-surface structures of tomatoes (Table 1). LM attached and survived on the tomato
after each attachment time. The level of LM that survived and attached on the surface
of tomato was lowest after 24 h (3.81 log cfu/g) and highest after 72 h (4.78 log cfu/g)
(Fig 1). The level of LM that survived and attached on the sub-surface of tomato was
at similar levels after 30 min, 24 and 48 h, but increased significantly after 72 h of
attachment time, to reach 5.39 log cfu/g (Fig 1). The greatest effect of attachment time
was therefore observed after 72 h of attachment on both surface and sub-surfaces of
tomatoes. The ability of LM to attach to the surface of tomato after 24 h of attachment

was illustrated using scanning electron microscope (Fig 2).

Effect of chlorine

Overall, chlorine affected the LM counts significantly (p < 0.05) (Table 1). There
was a significant difference (p < 0.05) between the LM counts for the control (washed
with distilled water) and the inoculated tomatoes washed with chlorine in both surface
and sub-surface inoculated samples and after each attachment time (Fig. 1, Table 1).
The ability of LM after attachment on tomato for 24 h to survive sanitizing effect of

chlorine was illustrated using scanning electron microscope (Fig 3).

After all attachment times, the LM levels for the control samples were higher than
those of the chlorine washed samples. After 30 min of attachment time for the surface
inoculated tomatoes, there was a 1.21 log cfu/g difference in LM levels between the

control and the chlorine washed tomatoes. After 72 h attachment time, the difference



between the surface inoculated control and the chlorine washed tomatoes was

significantly higher than for the other attachment times i.e., 2.26 log cfu/g (Fig. 1).

The LM levels for the sub-surface inoculated tomatoes followed the same trend, i.e.
LM levels for the control higher than LM levels for the chlorine washed at different
attachment times (Fig 1). The differences in LM on the sub-surface of control
tomatoes and the treated ones followed the same trend like the surface inoculated
samples. However, the effect after 72 h was not as pronounced between the two

treatments.

Effect of inoculation site

There was a significant difference (p < 0.05) between the sub-surface inoculated LM
and surface inoculated LM in tomatoes at different attachment times (Table 1). The
LM levels for the sub-surface inoculated tomatoes were higher for both control and
chlorine washed samples at each attachment time, than that of the surface inoculated
tomatoes. The differences in LM between sub-surface inoculated and surface
inoculated, control samples, decreased as the attachment time increased, i.e., log 1.3
log cfu/g after 30 min and 0.6 log cfu/g after 72 h of attachment (Fig 1). For the
chlorine washed tomatoes the differences in LM, sub-surface inoculated and surface
inoculated did not follow a similar trend, with the greatest difference in LM counts
between the treatments after 30 min and 72 h of attachment, 1.26 and 1.04 log cfu/g

respectively.

Effect of attachment time and chlorine washing on the survival of inoculated

Listeria monocytogenes on spinach

Effect of attachment time

Attachment time did not significantly (p > 0.05) affect the LM count on the surface
and sub-surface structures of spinach but there was a significant interaction

(p <0.05) effect between attachment time and chlorine washing on the inoculated LM
(Table 1). LM attached and survived on the spinach after each attachment time as
observed for tomato. The level of LM that survived and attached on the surface of
spinach reduced as attachment time increased, 4.86 log cfu/g after 30 min and 3.41

log cfu/g after 72 h (Fig 4). The level of LM that survived and attached on the sub-



surface of spinach followed the same trend, reducing with increased attachment time,
5.17 log cfu/g after 30 min and 4.18 log cfu/g after 72 h (Fig 4). The ability of LM to
attach to the surface of spinach after 24 h of attachment was shown with scanning

electron microscope (Fig 2).

Effect of chlorine

As for tomato, overall, chlorine affected the LM counts significantly (p < 0.05) (Table
1). There was a significant difference (p < 0.05) between the LM counts for the
control (washed with distilled water) and the inoculated spinach washed with chlorine
in both surface and sub-surface inoculated samples and after each attachment time
(Table 1). The ability of LM after attachment for 24 h on spinach to survive
sanitizing effect of chlorine was illustrated using scanning electron microscope (Fig

3).

At all attachment times the LM levels for the control samples were higher than those
of the chlorine washed samples. After 30 min of attachment time for the surface
inoculated spinach, there was a 3.01 log cfu/g difference in LM levels between the
control and the chlorine washed spinach. After 24, 48 and 72 h attachment time
intervals, the differences between the surface inoculated control and the chlorine
washed spinach reduced with increasing attachment time, i.e., 2.55, 1.38 and 1.54 log

cfu/g respectively (Fig. 4).

The LM levels for the sub-surface inoculated spinach followed the same trend, i.e.
LM levels for the control were higher than LM levels for the chlorine washed at
different attachment times (Fig 4). The differences in LM on the sub-surface of
control spinach followed a similar trend as noted for the surface inoculated samples.
More than a two log difference was found after 30 min of attachment time with only a

0.91 log cfu/g reduction after 72 h of attachment time.

Effect of inoculation site

There was a significant difference (p < 0.05) between the sub-surface inoculated LM
and surface inoculated LM in spinach at different attachment times (Table 1). The LM
levels for the sub-surface inoculated spinach were higher for both control and chlorine

washed samples at each attachment time than that of the surface inoculated tomatoes.



The differences in LM between sub-surface inoculated and surface inoculated, control
samples increased with increase in attachment time, i.e. 0.3, 0.88, 1.31 and 0.77 log
cfu/g after 30 min, 24, 48 and 72 h of attachment, respectively (Fig 4). For the
chlorine washed spinach the differences in LM, sub-surface inoculated and surface
inoculated, were comparable between attachment times. Differences in LM ranged

between 0.86 and 1.4 log cfu/g (Fig 2).

DISCUSSION

It was evident from the results that LM was able to attach to both the surface and sub-
surface structures of both spinach and tomatoes. This observation signifies that LM
will attach to vegetables within 30 min of coming in contact with it in irrigation water
or other sources. Although shorter attachment time was not determined in this work,
Ells & Hansen (2006) reported that LM could attach to intact and cut cabbage within
5 min of exposure to intact and cut cabbage. Other workers reported the same time
range of attachment of LM to lettuce, cantaloupe and Arabidopsis thuliana (Li et al.,
2002; Ukuku & Fett, 2002; Milillo et al., 2008; Solomon et al., 2006). It is evident
that attachment of pathogenic bacteria to produce occurs in a rapid manner (Fonseca,

2006; Liao & Cooke, 2001)

LM survived on the sub-surface and surface of spinach and tomato up to 72 h. It has
been found that pathogen could survive on tomatoes for a longer time. Elif et al,
(2006) showed that Salmonella Enteritidis can survive and grow during storage of

tomatoes for 220 h.

The significant difference between sub-surface inoculated LM and surface inoculated
LM in both vegetables at each time interval indicates that LM attaches in higher
numbers to wounds or sub-surface structures than to undamaged surfaces (Takeuchi et
al., 2000). Timothy et al. (2006) showed that LM has a preference to attach to cut or
wounded tissues compared to the intact leaf surfaces. This may be because surface
structures of vegetables constitute a harsh environment with fluctuations in
temperature unlike sub-surface structures (Solomon et al, 2006). The sub-surface
structures or cut surfaces also have significant amount of liquid containing nutrients

that is utilized by the attached microorganisms (Bhagwat, 2006). Moreso, pathogens
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are able to create a more hospitable microenvironment in the sub-surface structures

unlike on the surface structures (Sapers, 2001).

In this study chlorine was relatively ineffective to decontaminate the surface
inoculated LM on tomatoes and spinach. This observation was not different from
several reports that emphasized that vigorous washing and treatment with chlorine
does not remove all bacterial pathogens on fruit and vegetables (Solomon et al., 2006;
Doyle and Erickson, 2008). Ineffectiveness of chlorine may be due to the
concentration (200 ppm) used. According to Kim et al. (1998) low levels (less than
200 ppm) of chlorine may not be effective against certain bacteria. Higher
concentration (more than 200 ppm) is not used in the produce industry because it can
generate residual by-products such as trihalomethanes in the waste water (Simpson et
al., 2000; Moriyama et al., 2004). Higher concentration may also react with organic
residues resulting in the formation of potentially mutagenic or carcinogenic reaction
products (Moriyama et al., 2004; Nakano et al., 2000; Nukaya et al., 2001; Rodgers et
al., 2004 ; Velazquez et al., 2009)

Chlorine was more effective on the surface LM than on the sub- surface LM, probably
because it was not able to access the sub-surface structures effectively, where the
pathogens were located (Doyle and Erickson, 2008; Fonseca, 2006; Sapers et al.,
1990). This is in line with the observation of Liao and Cooke, (2001) who found that
Salmonella Chester survived chlorine washing to a much greater extent when attached
on the sub-surface structures of green pepper disks than on surface structures.
According to Seymour et al. (2002) entrapped or internalized pathogens are not
readily accessible to chlorine because of the components i.e., liquids leaking from
sub-surface structures or wounds. The liquid is able to neutralize some of the chlorine

before it reached the microbial cells (Bhagwat, 2006)

Chlorine was more effective on surface inoculated LM after 30 min attachment time
compared to 72 h attachment time in spinach. This is in agreement with the work of
Ukuku & Sapers (2001) who confirmed that Salmonella serovar Stanley populations
in cantaloupes were reduced by 3 log cfu/ml after a sanitizer was applied immediately

after inoculation but there was reduction by less than 1 log when sanitizer was applied
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72 h post inoculation. The effectiveness of chlorine at an earlier attachment time was
expected because sanitizer will easily remove pathogen that has just attached to the
surface of produce compare to the one that has attached over a longer period of time
(Sapers et al., 1990). However, this was not the case in tomatoes in which chlorine
was more effective on the surface inoculated LM after 72 h attachment time compare
to after 30 min attachment time. This is because effectiveness of sanitizer on
microbial reduction is dependent on the type of vegetable at any given attachment
time (Abadias, et al., 2008; Ukuku et al., 2005). The difference may also be as a result
of pathogen attachment, infiltration, internalization and biofilm formation which
affect sanitizer effectiveness vary from one produce to another (Ukuku et al., 2005).
Also according to Fonseca (2006), differences in surface characteristics of the
produce, physiological state of pathogen, and environmental stress conditions interact
to influence the activity and efficiency of sanitizer. It may therefore be necessary to
customise sanitizing treatments for different types of produce because of this

complexity (Bhagwat, 2006)

CONCLUSION

These work shows that Listeria monocytogenes will attach within 30 min to spinach
and tomato and it will remain viable after attachment even up to 72 h. Other workers
have reported shorter attachment time of LM on other vegetables. Also, there is a
difference in the attachment and survival of LM in both vegetables, showing that
attachment and survival of LM vary from one vegetable to another. The present study
also confirms that chlorine is more effective on the pathogens on the surface of
vegetables than on the sub-surface, it could only reduce < 3 logs inoculated and

attached LM both on the surface and sub-surface structures.

This study was part of an ongoing solicited research project (K5/1773) funded by the
Water Research Commission and co-funded with the Department of Agriculture

12



References
Abadias, M., Usall, J., Oliveira, M., Alegre, 1., & Vinas, 1., (2008). Efficacy of neutral
electrolyzed water (NEW) for reducing microbial contamination on minimally-

processed vegetables. International Journal of Food Microbiology 123, 151-158

Allen, E. A., Hoch, H. C., Steadman, J. R., & Stavely, R. J., (1990). Influence of leaf
surface features on spore deposition and the epiphytic growth of phytopathogenic
fungi in: Microbial Ecology of leaves. Eds Andrews J. H, Hirano, S. S. Madison, Wis.
Pp 87- 110

Andrews, J. M., (2005). BSAC Standardized disc susceptibility testing method
(version 4). Journal of Antimicrobial Chemotherapy 56, 60- 76

Barmore, C. R., (1995). Chlorination, are there alternatives? Cutting Edge, Spring, pg
4-5

Bartz, J. A., (2006). Internalization and Infiltration in Microbiology of Fruits and
Vegetables Eds by Sapers, G.M., Gorny, J & Yousef, A. E. CRC Press, Boca Raton,
USA. Pg 75-94

Beuchat , L. R., (2002). Ecological factors influencing survival and growth of human
pathogens on raw fruits and vegetables. Microbes and Infection 4, 413- 423.

Beuchat, L. R., (1998). Surface decontamination of fruits and vegetables eaten raw. A
review. Food Safety Unit, World Health Organization. WHO/FSF/FOS/98.2.
http://www.who.int/foodsafety/publications/fs_management/en/surface_decon.pdf.

Accessed on April 23, 2007.

Beuchat, L. R., (1996). Pathogenic microorganisms associated with fresh produce.

Journal of Food Protection 59, 204-206.

Beuchat, L. R, Nail, B. V, Alder, B. B & Clavero, M. R.,(1998): Efficacy of spray

13


http://www.who.int/foodsafety/publications/fs_management/en/surface_decon.pdf

application of chlorinated water in killing pathogenic bacteria on raw apples,

tomatoes, and lettuce. J. Food Prot. 61, 1305- 1311

Beuchat, L. R. & Ryu, J. (1997). Produce handling and processing practices.
Emerging Infectious Diseases 3, 1-9

Bhagwat, A. A., (2006). Microbiological Safety of Fresh-Cut Produce: Where Are We
Now? In Microbiology of Fresh Produce. Edited by Matthews, K. R. ASM Press,
Washington, D. C. pg 121- 165

Brandl, M. T., (2006). Fitness of human enteric pathogens in plants and implications

for food safety. Annual Review of Phytopathology 44, 367- 392

Clasen, T ., & Edmondson, P., (2006). Sodium dichloroisocynnurate (NaDCC) tablets
as an alternative to Sodium hypochlorite for the routine treatment of drinking water at
the household level. Internal Journal of Hygiene and Environmental Health. 209,
173-181

Combarro, M. P., Gonzalez, M., Aranjo, M., Amezaga, A. C., Sueiro, R. A. &
Garrido, M. J., (1997). Listeria species incidence and characterisation in a river
receiving town sewage from a sewage treatment plant. Water Science and Technology

35, 201- 204

Doyle, M. P., & Erickson, M. C., (2008). The problems with fresh produce: an
overview. Journal of Applied Microbiology 105, 317- 330

Elif, D., Gurakan, G. C. & Bayindirli, A (2006). Effect of controlled atmosphere
storage, modified atmosphere packaging and gaseous ozone treatment on the survival

of Salmonella Enteridis on cherry tomatoes. Food Microbiology 23, 430- 438
Ells, T. C. & Hansen, T. L., (2006). Isolate and growth temperature influence Listeria

spp. Attachment to intact and cut cabbage. International Journal of Food

Microbiology 111, 34- 42

14



FDA/CFSAN.,( 2008). Draft Compliance Policy Guide on Listeria monocytogenes in
Ready-to-eat (RTE) Foods Docket No. Fda-2008-D-0058.
http:www.cfsan.fad.gov/~comm/registe8.html. Accessed 13 March, 2008.

Fonseca, J. M., (2006). Postharvest Handling and Processing: Sources of
Microorganisms and impact of sanitizing procedures in Microbiology of Fresh

Produce. Edited by Matthews, K. R. ASM Press, Washington, D. C. pg 85- 120

Gandhi, M., & Chikindas, M. L., (2007). Listeria: A food borne pathogen that knows
how to survive. International Journal of Food Microbiology 113, 1- 15

Gorski, L., Palumbo, J. D. & Nguyen, K. D., (2004). Strain- specific differences in the
attachment of Listeria monocytogenes to alfaffa sprouts. Journal of Food Protection

67, 2488- 2495

Hall-Stoodley, L. & Stoodley, P., (2005). Biofilm formation and dispersal and the
transmission of human pathogens. Trends in Microbiology 13, 300- 301

Ibenyassine, K., Aitmhand, R., Karamoko, Y., Cohen, N. & Ennaji, M. M.,
(2006).Use of repetitive DNA sequences to determine the persistence of
enteropathogenic Escherichia coli in vegetables and in soil grown in fields treated

with contaminated irrigation water. Letters in Applied Microbiology 43, 528- 533.

[jabadeniyi A.O., Minnaar, A. & Buys, E. M., (2009). The effect of irrigation water
quality on the bacteriological quality of broccoli and cauliflower in Mpumalanga.
Poster presented at Society for General Microbiology Conference Harrogate , UK,

March 30- April 2, 2009.

Ijabadeniyi A.O., Minnaar, A. & Buys, E. M., (2008). Microbiological quality of
surface water used for irrigation of fresh vegetable in Mpumalanga, South Africa.
Poster presented at International Association for Food Protection meeting, Hyatt

Regency Columbus Columbus, Ohio, USA. August 3-6, 2008

15



Jablasone, J., Warriner, & Griffiths, M., (2005). Interaction of E.coli 0157:H7,
Salmonella typhimurium and Listeria monocytogenes in plants cultivated in a

gnotobiotic system. International Journal of Food Microbiology 88, 7- 18

Jedrzejas, M. J., (2001). Pneumococcal virulence factors: Structure and function.

Microbiology and Molecular Biology Reviews 65, 187- 207

Johnson, D. C., Enriquez, C. E., Pepper, I. L, Davis, T. L, Gerba, C. P & Rose, J. B.,
(1997). Survival of Giardia, Cryptosporidium, Poliovirus and Salmonella in marine

waters. Water Science and Technology 35, 261- 268

Kalmokoff, M. L., Austin, J. W., Wan, X. D., Sanders, G., Banerjee, S. & Farber, J.
M., (2008). Adsorption, attachment and biofilm formation among isolates of Listeria

monocytogenes using model conditions. Journal of Applied Microbiology 91, 725-
734

Kenney, S. J., & Beuchat, L. R., (2002). Comparison of aqueous cleaners for
effectiveness in removing Escherichia coli 0157: H7 and Salmonella muenchen from

the surfaces of apples. International Journal of Food Microbiology 74, 47- 55

Kim, J. B., Yousef, A. E., Chism, G. W., (1999). Use of ozone to inactivate
microorganisms on lettuce. Journal of Food Safety 19, 17- 34

Lemon, K. P., Higgins, D. E. & Kolter, R., (2007). Flagellar motility is critical for
Listeria monocytogenes biofilm formation. Journal of Bacteriology 189, 4418- 4424

Li, R. E., Brackett, J. C. & Beuchat, L. R., (2002). Mild heat treatment of lettuce

enhances growth of Listeria monocytogenes during subsequent storage at 5 °C or

15 ° C. Journal of Applied Microbiology 92, 269- 275

16



Liao, C. H. & Cooke, P. H., (2001). Response to trisodium phosphate treatment of
Salmonella Chester attached to fresh-cut green pepper slices. Canadian Journal of

Microbiology, 47, 25- 32

Milillo, S. R., Badamo, J. M, Boor, K. J .& Wiedmann, M., (2008). Growth and
persistence of Listeria monocytogenes isolates on the plant model Arabidopsis

thuliana. Food Microbiology 25, 698- 708

Moriyama, K., Matsufuji, H., Chino, M . & Takeda, M., (2004). Identification and
behaviour of reaction products formed by chlorination of ethynylestradiol.

Chemosphere 55, 839- 847

Nakano, K., Suyama, K., Fukazawa, H., Uchida, M., Wakabayashi, K., Shiozawa, T.
& Terao, Y., (2000). Chlorination of Harman and norharman with Sodium
hypochlorite and co-mutagenicity of the chlorinated products. Mutation Research 470,

141-146

Nukaya, H., Shiozawa, T., Tada, A., Terao, Y., Obe, T., Watanabe, T., Asanoma, M.,
Sawanishi, H., Katsahara, T., Soyimura, T. & Wakebayashi, K., (2001). Identification
of 2- (2-acetylamino)-4-amino-5-methoxy phenyl)- 5 amino-7-bromo-4 chloro-2H-
benzotriazole (PBTA-4) as a potent mutagen in river water in Kyoto and Aichi

prefectures, Japan. Mutation research 492, 73- 80

Quadt-Hallman, A., Benhamou, N & Kloepper., (1997). Bacterial endophytes in
cotton; mechanisms of entering the plant. Canadian Journal of Microbiology 43, 577-

582.

Rodgers, S. L., Cash, J. N., Siddig, M. & Ryser, E. T., (2004). A comparison of
different chemical sanitizers for inactivating Escherichia coli O157:H7 and Listeria
monocytogenes in solution and on apples, lettuce, strawberries, and cantaloupe,

Journal of Food Protection 67, 721-731.

Sapers, G. M., (2001). Efficacy of washing and sanitizing methods. Food Technology
Biotechnology 39, 305- 311

17



Sapers, G. M., Garzarella, L. & Pilizota, V., (1990). Application of browning
inhibitors to cut apple and potato by vacuum and pressure infiltration. Journal of

Food Science 55: 1049- 1053

Seymour, 1. J., Burfoot, D, Smith, R. L, Cox, L. A & Lockwood, A., (2002).
Ultrasound decontamination of minimally processed fruits and vegetables.

International Journal of Food Science and Technology 37, 547- 557

Simpson, G., Miller, R. F., Laxton, G. D. & Clement, W .R., (2000). A focus on
chlorine dioxide: the ‘ideal’ biocide. Houston, Texas Unichem International

www.clo2.com/reading/waste/corrosion.html. Accessed May 10, 2007

Solomon, E. B., Brandl, M. T & Mandrell, R. E., (2006). Biology of foodborne
pathogens In: Microbiology of Fresh Produce. Eds Karl. R. Matthews. 2006 ASM
Press, Washington, D.C. pg 55- 83

Steel, M., Mahdi, A. & Odumeru, J., (2005). Microbial Assessment of Irrigation water
used for production of fruit and vegetables in Ontario, Canada. Journal of Food

Protection 68, 1388-1392.

Takeuchi, K ., Matute, C. M., Hassan, A. N. & Frank, J. F., (2000). Comparison of the
attachment of Escherichia coli 0157:H7, Listeria monocytogenes, Salmonella

Typhimurium, and Pseudomonas fluorescens to lettuce leaves. Journal of Food

Protection 63, 1433-1437

Timothy, C. E., & Hansen, L. T., (2006). Strain and growth temperature influence
Listeria spp attachment to intact and cut cabbage. International Journal of Food

Microbiology 111, 34- 42
Ukuku, D. O., & Fett, W., (2002). Behaviour of Listeria monocytogenes inoculated on

cantaloupe surfaces and efficacy of washing treatments to reduce transfer from rind to

fresh-cut-pieces. Journal of Food Protection 65, 924- 930

18


http://www.clo2.com/reading/waste/corrosion.html

Ukuku, D. O., Liao, C. H. & Gembeh, S., (2005). Attachment of Bacterial Human
Pathogens on fruit and vegetable surfaces.

Http://wyndmoor.arserrc.gov/page/2004%5c7486.pdf. Accessed on 8™ June, 2009.

Ukuku, D. O., & Sapers, G. M., (2001). Effects of sanitizer treatments on Salmonella
Stanley attached to the surface of cantaloupe and cell transfer to fresh-cut tissues

during cutting practices. Journal of Food Protection 64, 1286-1291.

Warriner, K., Ibrahim, F, Dickinson, M, Wright, C & Waites, W. M., (2003).
Internalization of human pathogens within growing salad vegetables. Biotechnology

Genetical Engineering Review 20, 117-134

Walderhaug, M. O., Edelson-Mammel, S. G, Dejesus, A. J, Eblen, B. S, Miller, A. J.
& Buchanan, R. L., (1999). Preliminary Studies on the Potential for Infiltration,
Growth and survival of Salmonella enterica serovar Hartford and Escherichia coli

0157: H7 within Oranges. http://www.file://C:\Documents and settings\user\My

Documents\orangel.htm Accessed on April 23, 2007.

Velazquez, L . C., Barbini, N. B., Escudero, M. E., Estrada, C. L. & Guzman, A. S.,
(2009). Evaluation of chlorine, benzalkonium chloride and lactic acid as sanitizers for

reducing Escherichia coli O157:H7 and Yersinia enterocolitica on fresh vegetables.

Food control 20, 262- 268

19


http://wyndmoor.arserrc.gov/page/2004%5c7486.pdf
http://www.file//C:/Documents and settings/user/My Documents/orange1.htm
http://www.file//C:/Documents and settings/user/My Documents/orange1.htm

Table 1: P values of effect of chlorine, site, and attachment time on survival of

inoculated Listeria monocytogenes on tomatoes and spinach

TREATMENT P value for Tomato | P value for Spinach
Chlorine 0.001* 0.001*

Site 0.000* 0.000*

Attachment time 0.001* 0.246

Chlorine x Site

0.722 0.528
Chlorine x Attachment
time 0.031* 0.021*
Site x Time 0.542 0.821
Chlorine x Site x Time 0.496 0.649

*p<0.05
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R 2: Scanning Electron Microscopy (SEM) of attachment of LM to the surface of tomato (a) and spinach (b)
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Fig 3: Scaming Electron Microscopy (SEM) of attachment of LM to the surface of tomato (a) and spimach () after 24h followed by

chlorine washing
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Fig 4: Attachment and survival of L. monocytogenes on the surface (a) and subsurface (b) of spinach leaves with or without chlorine washing




