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ABSTRACT

Contaminated coring tools may transfer bacteria to iceberg lettuce. The efficiency of coring tool design modifications in
reducing bacterial transfer to lettuce heads was evaluated under simulated field operations. The standard coring tool consists of a
stainless steel cylindrical tube welded to a tab that is inserted into a plastic handle. Design modifications included removal of the
welded portion, incorporation of a shorter front straight bottom edge, or an angled bottom edge toward the front. In the first
study, coring tools of four different designs were inoculated by dipping in a tryptic soy broth (TSB) suspension that contained
8.85 Log CFU/mL of Escherichia coli K-12 and then were used to core 100 lettuce heads, consecutively. Use of the standard
tool resulted in 91% 6 9% positive lettuce heads. Removing the welded surface from the standard tool resulted in the highest
reduction of E. coli transfer (44% 6 11.9% positive lettuce heads, P , 0.05), whereas incorporation of a short front straight
edge with no welding resulted in 65.6% 6 5.6% of the cored lettuce heads being positive for E. coli. Removal of the welded
surface resulted in a 40% decrease in E. coli contamination among the last 20 cored lettuce heads (81 to 100), which indicates
that coring tool design modifications resulted in reduced cross-contamination. In the second study, the transfer of Salmonella to
coring tools after their immersion in rinsing solutions was evaluated using imaging. The tools were dip inoculated for 2 min in
water, water with lettuce extract, or TSB containing 7 Log CFU/mL bioluminescent Salmonella Newport; they were then
imaged to observe spatial distribution of bacteria. There was greater retention and spatial distribution of Salmonella on the
surface of tools immersed in water containing lettuce extract than in TSB and water. The results of the second study indicate that
rinsing solutions that contain lettuce particulate and organic load could facilitate cross-contamination of Salmonella Newport to
tool surfaces.
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Escherichia coli O157:H7 and Salmonella have been
implicated as disease-causing contaminants of leafy greens
such as lettuce (1, 8). The sources of these clinical
pathogens could include the environment, contact surfaces,
harvest tools, and improper handling (8, 9). Postharvest
contamination of lettuce could result in large-scale cross-
contamination and redistribution of pathogens during
cutting and washing operations before packaging (2, 3).

Salmonella and E. coli are able to survive on food contact
surfaces and, consequently, can be transferred to produce
surfaces upon contact, resulting in cross-contamination
(13).

Precut iceberg lettuce is a popular leafy green that is a
common ingredient of salads (15). Immediately after
harvest, but while the crop is still in the field, heads of
iceberg lettuce are often cored to reduce the weight of the
product for transport and to obtain an even consistency of
fresh-cut product (16). The lettuce heads are cored by
placing a stainless steel cylindrical coring blade to the stem
scar and applying pressure. The coring tool is connected to a
handle with a blade on the other side that is used to cut the
outer leaves and the head from the stem. The stainless steel
coring ring is inserted into the lettuce head and, when pulled
out, excises the core. A contaminated coring tool can
transfer bacteria into the cored lettuce and, thereby, cause
cross-contamination (5).

The portion of coring tools that comes in direct contact
with heads of iceberg lettuce is made of stainless steel. E.
coli and Salmonella can attach to stainless steel by means of
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appendages such as curli fimbriae and through biofilm
development (7). The initial attachment of transferred cells
could also result due to the hydrophobicity of the bacterial
cell and the free energy of the organism, dispersal media,
and surface material (14). Coring tools can be contaminated
by foodborne pathogens through contact with hands, soil,
contaminated rinse water, and contaminated tissue of the
iceberg lettuce heads. These tools are often used to core
heads of lettuce consecutively for several hours and are
sanitized with chlorinated water, peroxyacetic acid, or
hydrogen peroxide during breaks or gaps in activity (5). The
presence of organic matter, pitting, and welded joints on the
coring tool could result in bacterial attachment to the
surface of the tool (4). Fallon et al. (5) indicated that as
many as 75 heads of lettuce could be contaminated by a
coring tool dipped in 8 Log CFU/mL E. coli. They observed
that the level of bacterial contamination was reduced but not
completely avoided when the cored produce tissue was
sprayed with chlorine (100 ppm) or peroxyacetic acid (40
mL/50 L) (5). Because conventional coring tools could
serve as a vehicle of contamination of lettuce heads,
optimization of coring tool design and operation practices
could aid in reducing pathogen transference during lettuce
harvest.

In this study, the design of the coring tool was modified
to evaluate whether changes in the coring blade, the angle of
the ring, and welding, in comparison to the current
conventional design, could help reduce lettuce head cross-
contamination during coring. Elimination of welded re-
gions, different lengths of the coring blade, and the presence
of an angular edge or ring on the coring blade were tested to
study their impact on reducing bacterial cross-contamina-
tion to lettuce heads. Bacterial transfer from inoculated dips
to coring tools was also evaluated. The aim of the study was
to provide growers with information about optimal coring
tool design to reduce cross-contamination of foodborne
pathogens. A spatial map was developed to show foodborne
pathogen distribution on coring tools of different designs
after immersion in different solutions, to demonstrate
practices or conditions that can contribute to bacterial
cross-contamination onto tool surface and to serve as an
educational aid for extension education.

MATERIALS AND METHODS

Bacterial strain used for the cross-contamination study. E.
coli K-12 (ATCC 25253) was used to study the transfer of bacteria
during coring of 100 heads of iceberg lettuce. This strain is
resistant to 300 μg/mL streptomycin. The frozen culture was
revived by performing two consecutive subcultures of a loopful of
frozen culture in tryptic soy broth (TSB; Difco, BD, Sparks, MD)
every 24 h at an incubation temperature of 378C. After the second
subculture, a loopful of media was streaked onto eosin methylene
blue (Hardy Diagnostics, Santa Maria, CA) agar with 300 μg/mL
streptomycin sulfate (Amresco, Solon, OH). The plates were
incubated for 24 to 48 h at 378C, and typical colonies were used
for the experiment.

Bacterial strain used for bioluminescent imaging. For
bioluminescent imaging of the coring tool to visualize Salmonella
cross-contamination to the tool surface from simulated dips,
Salmonella Newport SN78 transformed with pAKlux1 plasmid

(25 μg/mL ampicillin resistant) was used. Electro-transformation
of Salmonella Newport was performed using the protocol
described previously by Kumar et al. (10). Briefly, a setting of
2.5 kV, 25 μF, and 400 Ω was used on the Gene Pulser II system
(Bio-Rad, Hercules, CA). Transformants were screened on tryptic
soy agar (TSA; Difco, BD) with 25 μg/mL ampicillin. The growth
rates of this strain were similar to those of nonresistant or
untransformed strains of Salmonella Newport SN78. Frozen stock
culture of the bioluminescent Salmonella Newport SN78 strain
was revived by inoculating a loopful of frozen stock in TSB with
25 μg/mL ampicillin and incubating for 48 h at 378C. A loopful of
the turbid broth was streaked on TSA with 25 μg/mL ampicillin
and incubated at 378C for 48 h. Typical bioluminescent colonies
were isolated and used for imaging experiments.

Coring tool designs. Four coring tool designs (Figs. 1 and 2)
were compared in this study. The length of the yellow handle of
the tool was 17.78 cm for all tool designs tested. The length of the
front of the coring blade was 2.3 cm for all blades. The standard
tool had a straight bottom edge core knife attached to the rest of
the tool with a welded attachment (Fig. 1). The length of the
standard coring tool blade from the handle was 7.5 cm. Coring
tool design 1 had a short coring region with straight bottom edge
and no welding. The length of the tool blade from the handle was
10.5 cm (Fig. 1). Coring tool design 2 had the same coring region
as the standard tool with the coring tool blade length of 10.5 cm
(Fig. 1). This tool did not have a welded attachment, unlike the
standard tool. Coring tool design 3 had the regular coring region
with the bottom edge ring angled (208) toward the front (Fig. 1).
The length of the coring tool blade was 7.5 cm, and there was no
welding.

Inoculation of tools for cross-contamination study. Before
inoculation, the coring tools were placed in a 2,000-ppm sodium
hypochlorite solution (bleach, Clorox Company, Oakland, CA)
overnight and then rinsed using sterile deionized water. After
drying the tool with paper towels, the tools were sprayed with 70%
ethanol and allowed to dry for 45 min. The coring tools were
inoculated by immersing the tool's cylindrical edge in 250 mL of
the overnight culture of E. coli K-12 (8.8 Log CFU/mL). Cells
were grown for 18 to 24 h at 378C. Contact with E. coli culture
was facilitated for 2 min, during which the tool was rotated for
uniform contact with the culture. The tool was removed and
allowed to dry for 45 min at room temperature (258C) in the
biosafety cabinet. The control tool was immersed in sterile TSB
for 2 min and allowed to dry as previously described for the test
tools.

Lettuce coring. Iceberg lettuce heads were obtained from the
Yuma Agricultural Center, Yuma, AZ. The outer leaves of the
lettuce heads were removed, the coring blade was placed over the
stem scar, and the lettuce was cored. The cored portion was
removed from the tool and discarded. One hundred lettuce heads
were cored consecutively to evaluate the transfer of contamination
from each coring tool design to cored lettuce heads.

Microbiological analysis of lettuce heads. The portions of
the cored head that had come in contact with the coring tool were
excised using a scraping knife (pumpkin carving kit, Amscan Inc.,
Elmsford, NY), and then 10-g portions were scooped out and
placed into a sterile stomacher Whirl-Pak bag (Nasco, Fort
Atkinson, WI). The 10-g portions of the cored lettuce were mixed
with 90 mL of TSB (with 300 μg/mL streptomycin) for
enrichment and were massaged to release the attached E. coli
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cells. The lettuce-TSB suspension was incubated for 18 h at 378C.
After incubation, a loopful of the enriched broth was streaked on
eosin methylene blue agar supplemented with 300 μg/mL
streptomycin sulfate. The plates were incubated for 48 h at 378C
and were examined for typical colonies.

Microbiological analysis of coring tool. An unused,
inoculated coring tool and a coring tool that was used to core
100 lettuce heads were swabbed using a sterile cotton swab, using
a template with a 9-cm2 surface area. Five portions were evaluated
for bacterial population by swabbing: back, side, front, bottom
edge circumference, and inside (Fig. 3). After swabbing, the tip of
the swab was broken and placed in 9 mL of TSB. The broth
containing the tip was vortexed at a speed of 7 using a vortex
mixer (VWR International, Radnor, PA) and was spread plated on
eosin methylene blue agar supplemented with 300 μg/mL

streptomycin sulfate. The populations of E. coli were enumerated
after appropriate serial dilutions were performed.

Evaluation of coring tool cross-contamination from wash
water. The immersion of a coring tool in water to rinse the tool
was simulated. The fluids for immersion included 400 mL of tap
water with 50 mL of extract of pummeled iceberg lettuce to
simulate reused wash water, 450 mL of TSB, and 450 mL of tap
water as controls. Iceberg lettuce extract was prepared by
pummeling 100 g of iceberg lettuce leaves in 100 mL of tap
water for 2 min using a stomacher (Lab Blender 400, Seward,
London, UK). All fluids were inoculated with 50 mL of
suspension of the bacterial culture to obtain a final concentration
of 7 Log CFU/mL Salmonella Newport SN78. To prepare the
suspension, bacterial cells were centrifuged at 4,500 3 g for 10
min (5810R, Eppendorf, Hamburg, Germany); then, the superna-
tant was decanted and vortexed to resuspend the pelleted cells in

FIGURE 1. Coring tool designs and descriptions.
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sterile deionized water. This step was repeated to remove any
residuals from the growth media. The dipping medium containing
water, iceberg lettuce extract, and Salmonella Newport cells was
used after 1 h to allow Salmonella cells to acclimatize to the
suspension. The tools were dipped into the fluids for 2 min. Excess
water was dabbed from the tool with a Kimwipe (Kimberly-Clark,
Roswell, GA) to blot the fluid. The tool was then imaged using the
AMI 1000 imaging system (Spectral Imaging, Tucson, AZ).

Bioluminescent imaging of lettuce core. To determine
whether the cored portion of the lettuce also retained Salmonella
Newport, bioluminescent imaging was done. The standard coring
tool that was dip inoculated with bioluminescent Salmonella
Newport, as described in the previous section, was used to core a
head of lettuce. The core was imaged to visualize retention of the
pathogen using the imaging system, as previously described.

Statistical analysis. The experiment was based on a
randomized block design, with each experiment performed three
times per treatment. The populations of E. coli on the front, back,
sides, bottom edge circumference, and inside of the coring tool
were analyzed and compared using the honest significant
difference test. After enrichment of the tissues obtained from
each lettuce head, the presence of colonies was considered
positive for E. coli cross-contamination and the absence of
colonies was considered negative. The percent positives were
calculated for every 20 consecutive lettuce heads cored, and
significant differences in the number of lettuce heads contaminat-

ed with E. coli from coring tool were determined. Significant
differences between the percent transfer from coring tools to
lettuce heads were determined using one-way analysis of variance
(Minitab version 13.31 software, Minitab Inc., State College, PA).
A level of significance lower than 5% was considered significant.
Significant differences in bioluminescence from Salmonella
Newport were determined by the software (Aura, Spectral
Imaging) and expressed by different colors: the highest lumines-
cence (photons per pixel) was denoted as red, lowest by blue, and
average as green. Areas where no luminescence was detected were
gray.

RESULTS

E. coli populations on the various regions of the
coring tools. The E. coli population in TSB into which the
coring tools were dipped for 2 min was 8.85 6 0.24 Log
CFU/mL. No significant differences (P . 0.05) among the
populations of E. coli on various coring tool designs
(standard, design 1, design 2, design 3; Figs. 1 and 2) were
observed. The back, sides, and front (Fig. 3) of the tools had
E. coli populations of 4.39 6 0.31, 4.31 6 0.49, and 4.63
6 0.70 Log CFU/9 cm2, respectively (Fig. 4). The bottom
edge circumference (Fig. 3) of the coring tools had 5.07 6
0.42 Log CFU/9 cm2. The inside portion (Fig. 3) of the
coring tool had 5.12 6 0.37 Log CFU/9 cm2. All other
portions of the four designs tested had no significant

FIGURE 2. Coring tool design blueprints for (from left to right) standard design, design 1, design 2, and design 3.

FIGURE 3. Areas of coring tools swabbed to determine E. coli populations before and after coring lettuce heads.
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differences in the populations of E. coli. After coring 100
heads of lettuce, the only side on any of the tools that
contained detectable levels of E. coli was the back portion
of design 3 (0.37 6 0.65), design 1 (0.37 6 0.64), and
design 2 (0.41 6 0.57). E. coli was not recovered from the
sides, front, bottom edge circumference, and interior
portions of the coring tool after coring the 100 lettuce heads.

Standard design. The coring tool design affected the
efficiency of E. coli transfer to cored lettuce heads. The
standard coring tool (Figs. 1 and 2) resulted in the highest
percentage (91% 6 9%) of lettuce heads (Fig. 5) that were
cross-contaminated with E. coli from the coring tool. The
26th lettuce head was the first lettuce head cored that was
negative for the presence of E. coli when the standard
coring tool was used. Two of three repeats with the standard
tool resulted in the 100th lettuce head being positive for E.
coli. When the standard tool inoculated with E. coli was
used, 100% of the first 20 iceberg heads cored were positive
(Fig. 6). Ninety percent of the cored iceberg lettuce heads
from 21 to 40 and 41 to 60 were positive for E. coli (Fig. 6).
Among lettuce heads 61 to 80 and 81 to 100, 88.33% 6
12.58% and 86.66% 6 12.6% of the cored iceberg lettuce
heads were cross-contaminated with E. coli, respectively
(Fig. 6).

Coring tool design 1. The coring of iceberg lettuce
heads with coring tool design 1 (Figs. 1 and 2) resulted in
65.6% 6 5.6% (Fig. 5) of samples being positive for E.
coli. The 21st lettuce head cored was the first found
negative for the presence of E. coli. All three repeats of
coring 100 heads resulted in the 100th head being negative
for the presence of E. coli. The last lettuce head that was
positive for the presence of E. coli was lettuce head number
98. Of the first 20 lettuce heads that were cored with the
inoculated tool design 1, 100% were positive for the
presence of E. coli (Fig. 6). The modified coring tool design
1 resulted in 73.34% 6 12.58% of lettuces 21 to 40 being
positive for E. coli (Fig. 6). Lettuces 41 to 60, cored in
consecutive order, had an increase in cross-contaminated
heads, with 81.66% 6 11.54% positive for E. coli (Fig. 6).
Lettuces 61 to 80 had 48.67% 6 11.67% positive heads
after coring. Of the final 20 lettuce heads cored with design
1 tool, 31.67% 6 10.4% were positive for E. coli (Fig. 6).

Coring tool design 2. Coring tool design 2 (Figs. 1 and
2) was the most efficient in reducing cross-contamination of
E. coli to iceberg lettuce heads. The number of positive
heads that resulted from the use of this design were
significantly different from that of the standard design (P ,
0.05). Use of this tool resulted in 44% 6 11.9% (Fig. 5) of
iceberg lettuce heads being positive for the presence of E.
coli. The first lettuce head that was negative for E. coli was
the 16th consecutively cored head. Two of three repeats of
the experiment resulted in the 100th cored lettuce head
being positive for E. coli. Although coring the first 20
lettuce heads with a contaminated tool resulted in 96.66%
6 5.37% positive samples, a significant decrease in lettuce
heads contaminated with E. coli was observed in the next 20
lettuce heads cored (21 to 40), with only 56.66% 6 25.16%
lettuce heads being positive for E. coli (P , 0.05) (Fig. 6).
Consecutive coring of lettuce heads 41 to 60 and 81 to 100
resulted in 26.67% 6 23.62% and 26.67% 6 20.2% of
heads, respectively, being positive for E. coli (Fig. 6). The
lowest percentage of E. coli–free lettuce heads occurred
during consecutive coring of lettuce heads 61 to 80, because

FIGURE 4. Population of E. coli on
coring tool surface portions: 1, back; 2,
side; 3, front; 4, bottom edge circumfer-
ence; and 5, inside.

FIGURE 5. Percentage of the 100 lettuce heads that were positive
for the presence of E. coli after coring, using the standard, design
1, design 2, and design 3 tools.
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only 21.66% 6 1.15% of the sampled heads were positive
for E. coli (Fig. 6).

Coring tool design 3. Coring of iceberg lettuce heads
with tool design 3 (Figs. 1 and 2) resulted in 70% 6
17.05% (Fig. 5) of the cored heads being positive for the
presence of E. coli. The 15th lettuce head cored was the first
that was negative for E. coli. Two of three repeats that cored
100 iceberg lettuce heads using coring tool design 3 resulted
in the 100th head being positive for E. coli. In the first 20
lettuce heads cored with tool design 3, 95% 6 5% were
positive for E. coli (Fig. 6). Of lettuce heads 21 to 40, 70%
6 21.8% were positive for E. coli, and of 41 to 60, 66.66%
6 15.27% were positive for E. coli (Fig. 6). Of lettuce
heads 61 to 80 and 81 to 100, 56.67% 6 30.1% and 61.67%
6 22.54% were positive for E. coli, respectively (Fig. 6).

Bioluminescent imaging of coring tool. The TSB,
water, and water with lettuce extract each had an average
Salmonella Newport SN78 population of 7.73 6 0.20 Log
CFU/mL. Bioluminescent imaging of all the tools (standard,
design 1, design 2, and design 3) after dipping into
Salmonella-inoculated solutions to simulate contaminated
wash water indicated that the highest cross-contamination
of Salmonella Newport to the tool surface occurred from
immersion in water containing the lettuce extract. Mea-
surement of luminescence from the tool's surface (standard
design) after immersion in water with lettuce extract
resulted in the highest amount of luminescence from the
inside of the tool, 3.1 3 107 photons per pixel (red
coloration); this was significantly higher (P, 0.05) than the
outside portions, 1.0 3 107 photons per pixel (blue
coloration) (Fig. 7). Salmonella Newport was observed to
be more dispersed on all tool surfaces that were immersed
in water containing lettuce extract (C1, C2, C3, and C4; Fig.
7). Immersion of the tools in TSB containing Salmonella
Newport also resulted in cross-contamination of the
pathogen to the tool surface, and an even distribution of
cells was observed for standard tools and design 3 tools (B1
and B4; Fig. 7). The highest luminescence measured was
1.353 107 photons per pixel (red) (P , 0.05) in the inside
portion of the bottom edge. Other inoculated portions inside

the coring blade had a luminescence of 8.0 3 106 photons
per pixel (yellow) (Fig. 7). Immersion of the tool in
contaminated tap water resulted in lower or no cross-
contamination of the pathogen to the tool surface in
comparison to the other two solutions (D1, D2, D3, and
D4; Fig. 7). The highest amount of luminescence detected
was 1.36 3 107 photons per pixel (red) (P , 0.05);
luminescence detected around the orange and yellow areas
was 8.03 106 photons per pixel (Fig. 7). No luminescence
was detected on any of the control tools (A1, A2, A3, and
A4; Fig. 7). No significant difference was found among
tools of different designs in bioluminescence after immer-
sion in various solutions.

Bioluminescent imaging of lettuce core. Lettuce
cores that came into contact with the coring tool
contaminated by dipping in TSB–Salmonella Newport
suspension were also positive for the presence of biolumi-
nescent Salmonella. The luminescence measured from the
cored portion was 23 108 photons per pixel (Fig. 8).

DISCUSSION

The results of this study indicate that coring tools are
capable of transferring bacteria to the internal tissues of
lettuce when consecutive lettuce heads are cored without a
sanitation step. The design of the coring tool played an
important role in bacterial cross-contamination to lettuce
heads. Attachment of bacterial cells to a surface involves
absorption, consolidation, and colonization over time (11);
hence, the exposure of the stainless steel blade to the
inoculum for 2 min, which was done for experimental
purposes, might have aided in cross-contamination of
bacteria due to physical forces such as surface charge of
the cell, Van der Waals attraction, and ionic double layer
interaction (11). The material of the coring tool, texture of
the stainless steel (17), presence of a hydrophilic substrate,
and negative electrostatic forces (6) could also have
contributed to bacterial cross-contamination to lettuce
tissue.

Different design models of coring tools were compared
to the standard model that had the coring tool blade attached
through welding. The changes in coring tool design

FIGURE 6. Percentage of progressively
cored iceberg lettuce heads positive for the
presence of E. coli using standard, design
1, design 2, and design 3 coring tools.
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included absence of a welded edge (designs 1, 2, and 3), a
shorter coring region (design 1), and an angled edge (design
3) (Figs. 1 and 2). The results of the study indicate that
changes in design, such as adding a shorter coring region or
an angled edge and removing the welding, affected cross-
contamination of E. coli to lettuce. The standard tool design

had a welded region at the junction of the handle and coring
knife and resulted in over 90% of the cored lettuce heads
being contaminated with E. coli. All other modified designs
lacked a welded portion and were seamless (Fig. 1). Tools
with seamless designs (Fig. 1) resulted in lower percentages
of lettuce heads being contaminated after coring (Figs. 5

FIGURE 7. Spatial distribution of Salmonella Newport on coring tools with no treatment (A), after immersion in TSB (B), water with
lettuce extract (C), and water (D). Rows 1 to 4 indicate standard, design 1, design 2, and design 3 coring tools, respectively. The color
scale on the left of each panel indicates the intensity of luminescence.
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and 6). The recommended finish for stainless steel for food
contact surfaces in the United States is the US No. 4 finish
with a surface roughness of 1 μm or less (17) because rough
surfaces could harbor bacteria and contribute to cross-
contamination when abrasive contact occurs during coring
(17). The retention of E. coli at the back of the coring tools
even after coring 100 lettuce heads could have occurred
because of increased roughness at the juncture of coring
blade and handle.

Biophotonic imaging has previously been used to
demonstrate the presence of foodborne pathogens on
produce (10). Studying cross-contamination of foodborne
pathogens in real time helps in a better risk assessment and
can also serve as an educational tool. This study
demonstrates the applicability of biophotonic imaging as a
potential teaching tool for extension purposes. Using
bioluminescent pathogens to educate stakeholders about
cross-contamination of foodborne pathogens is novel.
Determination of the spatial distribution of Salmonella
using bioluminescent imaging indicated that the presence of
lettuce extract in the water resulted in increased dispersion
of Salmonella cells to the blade surface. Lettuce exudates in
water could have resulted in increased adhesion of
Salmonella to the coring tool in comparison to water
without lettuce extract, by modifying the chemical and
physical attributes of the water (12). Bioluminescent
imaging of the cored portion of the lettuce also demon-
strated retention of bacteria by the core (Fig. 8). This
observation indicated that lettuce cores should not be
discarded in the field and should be composted to prevent
the reintroduction of pathogens into the field.

The results of our study indicate that contaminated
coring tools can transfer bacteria to iceberg lettuce heads

during coring. The presence of foodborne pathogens in even
a single head of lettuce can result in dissemination of
foodborne pathogens when lettuce heads are shredded or
washed. Coring tool design modifications, such as removal
of welded regions, seamless edges, coring blade length, and
angling of the blade, can significantly affect the cross-
contamination of bacteria from the tool to the lettuce heads.
Although it was observed that the presence of lettuce
exudates and pieces in the wash water could result in
increased dispersal of Salmonella on coring tool surfaces,
additional research is required to understand the role of
produce exudates in bacterial persistence on surfaces. The
study also indicates that biophotonic imaging could serve as
an effective tool to study the spatial distribution of bacteria
after a cross-contamination event.
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