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A B S T R A C T

Diced tomatoes have been linked to outbreaks of salmonellosis in the United States. Compared to slicing,
commercial production of diced tomatoes is more complex and includes mechanical dicing as well as washing,
dewatering, conveying, and packing. Consequently, this study aimed to 1) quantify Salmonella transfer during
pilot-scale dicing of tomatoes, 2) assess the efficacy of three sanitizer treatments against Salmonella during flume
tank washing, and 3) assess the efficacy of four sanitizers against Salmonella during conveyance of diced to-
matoes. One 0.9 kg batch of Salmonella Typhimurium LT2-inoculated Roma tomatoes (∼5 log CFU/g) was
mechanically diced, followed by ten batches of uninoculated tomatoes. All uninoculated tomatoes yielded
Salmonella with populations decreasing from 3.3 to 1.1 log CFU/g during dicing. Flume tank washing in sani-
tizer-free water or water containing 80 ppm of peroxyacetic acid, mixed peracid, or total chlorine decreased
Salmonella populations in diced tomatoes 1.3 ± 0.2, 2.3 ± 0.4, 2.35 ± 0.4, and 2.4 ± 0.1 log CFU/g, re-
spectively. After processing, Salmonella populations in flume water containing a sanitizer were always below the
limit of detection (−1.0 log CFU/ml) and were significantly lower (P≤ 0.05) than for the sanitizer-free control
(1.5 ± 0.3 log CFU/ml). When the same three sanitizer treatments as well as electrolyzed water (80 ppm
chlorine) were applied to smooth and interlocking belts on a dual track conveyor, Salmonella reductions were
greater using mixed peracid (6.49 and 6.76 log) and peroxyacetic acid (5.95 and 6.10 log) as compared to
chlorine (3.72 and 5.70 log) and electrolyzed water (3.50 and 4.53 log), respectively. All four sanitizer treat-
ments were more effective than water alone in reducing Salmonella on conveyor belt surfaces. These findings
should help provide some practical guidelines for the industry and aide in the development of improved risk
assessments.

1. Introduction

Salmonella contamination of tomatoes has long been a major food
safety concern (Greene et al., 2008; Gupta et al., 2007; Hedberg et al.,
1999; Soliva et al., 2012) with outbreaks and recalls continuing to at-
tract public attention (Center for Science in the Public Interest, 2014;
U.S. Food and Drug Administration, 2019a). Among all previous out-
breaks associated with tomatoes, diced tomatoes were identified at least
twice as the vehicle of infection (Cummings et al., 2001; Srikantiah
et al., 2005).

For dicing, Roma tomatoes are preferred to red round tomatoes due
to their firm texture and lower water content (Nolte, 2014). Previous
studies have shown that diced tomatoes can support the growth of
Salmonella at elevated temperatures (Maitland, Boyer, Eiffert &
Williams, 2011; Oladimeji et al., 2019; Oscar, 2018; Pan & Schaffner,
2010; Shi, Namvar, Kostrzynska, Hora, & Warriner, 2007; Weissinger,

Chantarapanont, & Beuchat, 2000). Given the rapidly growing market
for fresh-cut produce, the risk of Salmonella cross-contamination in
diced tomatoes is becoming an increasing food safety concern. Com-
pared to slicing, production of diced tomatoes is a more complex pro-
cess that includes coring, dicing, washing, dewatering, conveying, and
packaging (Cummings et al., 2001). Large-scale commercial dicers are
typically used to achieve dice sizes ranging from 3/8 to 1/16 inch. Unlike
tomato slicing in which washing occurs before slicing, tomatoes for
dicing are flume-washed after dicing to remove the seeds and internal
“jelly”. During flume washing, chemical sanitizers are added to the
water to maintain a low microbial load with chlorine used most com-
monly. After washing, diced tomatoes are dewatered using a shaker
table and then conveyed to the packaging area. Multiple studies have
investigated the transfer of foodborne pathogens during slicing/dicing/
mincing of raw and ready-to-eat meats (Chen, Zaho & Doyle, 2014;
Møller, Nauta, Christensen, Dalgaard, & Hansen, 2012; Papadopoulou
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et al., 2012; Sheen & Hwang, 2010; Vorst, Todd, & Ryser, 2006),
smoked salmon (Aarnisalo, Sheen, Raaska, & Tamplin, 2007), lettuce
(Buchholz, Davidson, Marks, Todd, & Ryser, 2012a; Buchholz,
Davidson, Marks, Todd, & Ryser, 2012b; Davidson, Buchholz, & Ryser,
2013), and celery (Kaminski, Davidson, & Ryser, 2014), with a few
studies using mathematical models to describe pathogen transfer
(Pérez-Rodríguez, Valero, Carrasco, García, & Zurera, 2008; Sheen &
Hwang, 2010). While two studies have evaluated norovirus (Shieh,
Tortorello, Lou Fleischman, Li, & Schaffner, 2014) and Salmonella
(Wang & Ryser, 2016) transfer during slicing of tomatoes, no one has
yet investigated the transfer of foodborne pathogens during dicing of
tomatoes.

The FDA recommends the use of sanitizers to minimize cross-con-
tamination of fresh produce during flume washing (U.S. Food and Drug
Administration, 2014b) with previous studies reporting the efficacy of
various sanitizers for washing lettuce (Davidson et al., 2013), tomatoes
(Felkey, Archer, Bartz, Goodrich, & Schneider, 2006; Wang & Ryser,
2014), spinach (Lee & Baek, 2008; Rahman, Ding, & Oh, 2010) and
diced onions (Page, González-Buesa, Ryser, Harte, & Almenar, 2016).
However, for diced tomatoes, efficacy of a chlorine-based sanitizer
against Salmonella Baildon was assessed in only one bench top study,
with less than a 1 log reduction observed after 40 s of exposure to 120
or 200 ppm free chlorine (Weissinger et al., 2000). While chlorine-
based sanitizers are most commonly used in industry, various other
alternatives including electrolyzed water (Gil, Gómez-López, Hung, &
Allende, 2015) as well as peroxyacetic acid- and peracid-based saniti-
zers which are less sensitive to the high organic loads encountered
during extended washing (Ayyildiz, Ileri, & Sanik, 2009; Gonzalez, Luo,
Ruiz-Cruz, & McEvoy, 2004; Shen et al., 2012) are receiving increased
attention.

A better understanding of Salmonella cross-contamination and sa-
nitizer efficacy during flume washing and conveying is needed to en-
hance the overall safety of diced tomatoes. Consequently, the objectives
of this study were to 1) quantify Salmonella transfer during simulated
commercial dicing of tomatoes, 2) assess the efficacy of three sanitizer
treatments against Salmonella during flume tank washing of diced to-
matoes, and 3) determine the efficacy of four sanitizers against
Salmonella using a custom dual belt conveyor system during diced to-
mato conveyance.

2. Materials and methods

2.1. Experimental design

Three key steps in the commercial production of diced tomatoes
were simulated using pilot-scale equipment – dicing, washing, and
conveying. During dicing, transfer of Salmonella from one batch of in-
oculated tomatoes to ten batches of uninoculated tomatoes as well as
various surfaces of the dicer was quantified. Thereafter, three sanitizer
treatments were assessed for their efficacy against Salmonella on diced
tomatoes during flume washing. Finally, four sanitizer treatments were
evaluated against Salmonella on a dual track conveyor equipped with a
novel spray delivery system. All experiments were conducted in tripli-
cate.

2.2. Tomatoes

Unwaxed Roma tomatoes (Solanum lycopersicum 'Roma'; ∼160 g/
tomato) were obtained from a local distributor (Mastronardi Produce
Ltd., Livonia, MI), stored at 4 °C, and used within 7 days of delivery.

2.3. Salmonella strain

Salmonella Typhimurium LT2 – an avirulent strain obtained from Dr.
Michelle Danyluk (University of Florida, Gainesville, FL) was stored at
−80 °C in trypticase soy broth containing 0.6% (w/v) yeast extract

(TSBYE, BD, Sparks, MD) and 10% (v/v) glycerol. The working culture
was prepared by streaking the stock culture onto trypticase soy agar
containing 0.6% (w/v) yeast extract (TSAYE, BD). After 24 h of in-
cubation at 37 °C, a single colony was subjected to two successive
transfers (24 h/37 °C) in 9ml of TSBYE. Finally, a loop of this S.
Typhimurium LT2 culture was transferred to 1000ml of TSBYE and
incubated at 37 °C for 18–20 h before use.

2.4. Inoculation of tomatoes for dicing

On the day of the experiment, 0.9 kg of Roma tomatoes were im-
mersed in the TSBYE culture (∼108 S. Typhimurium CFU/ml as pre-
viously determined by direct plating) for 2min with gentle agitation to
ensure uniform inoculation, followed by 2 h of air drying in a biosafety
hood at ∼23 °C. Two tomatoes were collected immediately before
processing to determine the initial inoculation level (∼5 log CFU/g).

2.5. Tomato dicing

Roma tomatoes were mechanically diced (Model H-A, Urschel
Laboratories, Inc., Valparaiso, IN) (Fig. 1), with one batch (0.9 kg) of
uninoculated tomatoes diced (¼ inch) to prime the dicer, followed by
one 0.9 kg batch of inoculated (∼5 log CFU/g) and ten 0.9 kg batches
of uninoculated tomatoes. From each batch, 50 g of diced tomatoes
were collected in Whirl-Pak® bags (Nasco, Fort Atkinson, WI) for enu-
meration of Salmonella.

2.6. Flume tank washing of diced tomatoes

The pilot-scale size processing line assembled for washing diced
tomatoes consisted of a 3.6-m flume tank (∼130-L capacity; Heinzen
Manufacturing Inc., Gilroy, CA), shaker table, and water tank (∼1000-L
capacity) (Fig. 2). The 890 L of sanitizer solution in the water tank was
circulated through the flume tank by a centrifugal pump (model
XB754FHA, Sterling Electric, Inc., Irvine, CA) connected to a hard
plastic discharge hose (4.5 m×0.1m). A custom-made stainless steel
screen attached to the end of the flume tank was used to retain the
tomatoes for longer washing. To avoid over-flow issues during washing,
the centrifugal pump was stopped after filling the flume tank. After
2min of washing, the pump was restarted to push the diced tomatoes
onto shaker table for subsequent collection.

2.7. Preparation of flume water containing an organic load

In order to mimic commercial flume water, 4 L of tomato juice was
extracted from 11 kg of Roma tomatoes using a juice maker (Horizontal
Pressmaster, Beloit Corporation, Dalton, Massachusetts, USA) and
added to 700 L of tap water, giving an organic load of 0.6% (w/v) after
2min of recirculation with the pump. Thereafter, 80 ppm peroxyacetic

Fig. 1. The mechanical dicer used for this study.
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acid (Tsunami 100, Ecolab, St. Paul, MN), 80 ppm mixed peracid
(Tsunami 200, Ecolab), or 80 ppm total chlorine (1.1 ppm free chlorine)
(XY-12,Ecolab) adjusted to pH 6.0 with citric acid (CA, Sigma Aldrich,
St. Louis, MO) was added to the 700 L of water with sanitizer-free water
serving as the control.

2.8. Preparation of diced tomatoes and sample collection

On the day of the experiment, 9.1 kg (20 lbs) of Roma tomatoes
were inoculated to contain ∼5 log CFU/g and diced, from which seven
mesh bags each containing 50 g of diced tomatoes were prepared to
simplify sample collection during washing. Thereafter, all diced toma-
toes including the mesh bag samples were manually dumped into the
flume tank. Every 20 s during 2min of washing, tomato (1 mesh bag/
time point) and water samples (30ml) were collected in Whirl-Pak®

bags containing sterile concentrated 24x Difco Neutralizing Buffer (BD,
Franklin Lakes, NJ). In addition, one tomato and one water sample was
collected from the shaker table and water tank, respectively. After
washing, 1-ply composite tissues (Vorst, Todd, & Ryser, 2004) were
used to collect 4 water tank, 7 flume tank and 6 shaker table samples
(100 cm2/sample).

2.9. Conveyor belt inoculation

For conveyor belt inoculation, 4 kg of Roma tomatoes were diced,
dip-inoculated with Salmonella to contain ∼7 log CFU/g, and then
placed in a stainless steel inoculation tray. Using a custom dual track
conveyor system (Fig. 3), belt inoculation was achieved by simulta-
neously passing one 15 cm×302 cm interlocking high-density poly-
ethylene belt (Intralox, Harahan, LA) and one 15 cm×302 cm smooth
ThermoDrive rubber belt (Mol Industries, Grand Rapids, MI) through
the tray of inoculated diced tomatoes for 5min at low speed (∼30 cm/
s). Thereafter, the inoculation tray was removed.

2.10. Conveyor belt sanitizer treatments and sample collection

Four sanitizers - 80 ppm peroxyacetic acid (Tsunami 100, Ecolab),
80 ppm mixed peracid (Tsunami 200, Ecolab), 80 ppm chlorine at pH
6.0 (XY-12, Ecolab), 80 ppm chlorine in electrolyzed water at pH ∼3.0
(PathoSans®, Spraying Systems Co., Westfield, IN), and the water con-
trol were evaluated by continuously spraying 30 L/h via a spray bar
onto the belts during 20min of operation. Before and after the sanitizer

treatments, surface samples were collected from the smooth (225 cm2)
and interlocking (150 cm2) belts at three different locations using 1-ply
composite tissues and placed in Whirl-pak® bags containing 50ml of
sterile neutralizing buffer.

2.11. Microbiological analyses

The 50-g tomato samples collected in Whirl-pak® bags were diluted
1:1 in phosphate buffer solution, homogenized by stomaching
(Stomacher 400 Circulator, Seward, Worthington, UK) for 1min at
300 rpm, and then surface-plated on trypticase soy agar (BD, Franklin
Lakes, NJ) containing 0.6% yeast extract (BD), 0.05% ferric ammonium
citrate (Sigma Aldrich, St. Louis, MO) and 0.03% sodium thiosulfate
(Fisher Science Education, Hanover, IL) (TSAYE-FS) to quantify
Salmonella (limit of detection: 2 CFU/g). Water samples were either
appropriately diluted in phosphate buffer or filtered through 0.45 μm
membranes (Millipore Corporation, Billerica, MA) and then plated on
TSAYE-FS to quantify Salmonella (limit of detection: 0.1 CFU/ml). The
equipment and conveyor surface samples were homogenized by sto-
maching for 1min at 300 rpm and then similarly examined for
Salmonella (limit of detection: 0.5, 0.29, and 0.33 CFU/100 cm2 for
water tank, flume tank, and shaker table, respectively; 0.76 and
1.13 CFU/100 cm2 for smooth and interlocking belts, respectively).
After incubating the plates at 37 °C for 24 h, all black colonies were
counted as S. Typhimurium LT2. Selected colonies (1–3 per plate) were
confirmed as Salmonella using the Neogen Reveal® 2.0 kit (Neogen
Corporation, Lansing, MI).

2.12. Statistical analysis

All experiments were performed in triplicate. Salmonella popula-
tions were converted to log CFU per g, per ml, or per 100 cm2 for the
tomato, water, and equipment/conveyor surface samples, respectively.
For the flume washing and conveyor studies, analysis of variance and
the Tukey-Kramer HSD test were performed using JMP 11.0 (SAS
Institute Inc., Cary, NC), with statistical significance set at P≤ 0.05.

For the Salmonella transfer study, a previously published two-
parameter exponential decay model (Sheen & Hwang, 2010) was used
to describe Salmonella transfer during dicing of tomatoes. The model
used to fit the data is shown in Eq. (1):

= ⋅Y A Exp X
B

( ) (1)

(A)  (B)  (C)
Fig. 2. Pilot-scale tomato wash line: (A) flume tank, (B) shaker table, (C) water tank.
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where Y (dependent variable) is the log CFU/g of Salmonella transferred
and X (independent variable) is the weight of the uninoculated diced
tomatoes. A and B are the transfer model parameters. The above
equation was fitted using the nlinfit algorithm of MATLAB (R2012a,
MathWorks, Natick, MA). The estimated parameters, root mean square
error (RMSE) of the model, and asymptotic 95% confidence intervals of
the parameters were then estimated.

3. Results and discussion

3.1. Salmonella transfer during dicing

All ten batches of uninoculated tomatoes were cross-contaminated

with Salmonella during dicing, with populations significantly decreasing
from 3.3 to 1.1 log CFU/g (P≤ 0.05) (Fig. 4). Fitting the data to the
exponential decay model yielded estimated values of 3.4 and −8.31 for
model parameters A and B, respectively. The asymptotic 95% con-
fidence intervals for parameters A and B were 3.12–3.67 and −9.65 –
-6.96, respectively. The root mean square error (RMSE) of the model
was 0.25 indicating a good fit.

In previous studies assessing bacterial transfer during slicing of
delicatessen meat, slice number (integer) and the bacterial population
per slice (log CFU/slice) were used as the independent and dependent
variables, respectively (Aarnisalo et al., 2007; Sheen, 2011; Sheen &
Hwang, 2008, 2010). In this study, the weight of processed tomatoes
(kg) and the Salmonella population transferred to corresponding

(A)

(B)

(C)

Fig. 3. Dual belt conveyor system: (A) smooth (left) and interlocking (right) belt, (B) inoculation tray, and (C) spray bar.
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tomatoes (log CFU/g) served as the independent and dependent vari-
ables, respectively. Although these data fit the exponential decay
transfer model well, processing a larger quantity of tomatoes would
further improve the goodness of fit to the model. However, other
models have also been used with Shieh et al. (2014) assessing norovirus
transfer during slicing of tomatoes and fitting their data to a logarithmic
decay model.

3.2. Salmonella populations on diced tomatoes during washing

Numbers of salmonellae on the inoculated tomatoes before washing
were statistically similar for the water control and three sanitizer
treatments (P > 0.05); ranging from 4.66 ± 0.3 to 4.77 ± 0.46 log
CFU/g (Table 1). During 2min of washing, Salmonella populations
significantly decreased (P≤ 0.05) in diced tomatoes regardless of the
treatment. After shaker table dewatering, diced tomatoes yielded Sal-
monella populations of 2.34 ± 0.14 to 3.33 ± 0.12 log CFU/g. All
three sanitizer treatments were more effective (P≤ 0.05) in reducing
Salmonella than the water control (1.33 ± 0.2 log CFU/g), with similar
reductions of 2.31 ± 0.35, 2.35 ± 0.39, and 2.42 ± 0.14 log CFU/g
seen for chlorine, mixed peracid, and peroxyacetic acid, respectively.

In a bench-top study, Weissinger et al. (2000) obtained Salmonella
Baildon reductions of< 1 log when diced tomatoes were immersed for
40 s in water containing 120 or 200 ppm chlorine. In our pilot-scale
study, the product/sanitizer contact time was extended to 120 s with
samples collected at 20 s interval. In addition, a 0.6% organic load (w/
v) was added to the wash water to more closely reflect commercial
processing conditions. Despite the lower chlorine level, we obtained a

greater reduction in Salmonella than Weissinger et al. (2000) which
could be due to differences between the product/wash water ratios and
Salmonella strain sensitivity to chlorine. However, both peroxyacetic
acid and mixed peracid showed similar efficacy against Salmonella
suggesting their use as alternatives to chlorine-based sanitizers.

3.3. Salmonella populations in wash water during washing

As shown in Table 2, Salmonella populations were similar
(P > 0.05) in all water samples during and after 2min of diced tomato
washing. Salmonella populations were highest after 60, 80, 60, and 20 s
of washing in water, chlorine, mixed peracid, and peroxyacetic acid,
respectively. All three sanitizer treatments yielded Salmonella popula-
tions below the limit of detection (<−1.0 log CFU/ml) which were
significantly lower (P≤ 0.05) compared to water alone (1.54 ± 0.31
log CFU/ml).

In addition to inactivating microorganisms on the product, another
even more important role of produce sanitizers is to decrease the mi-
crobial load in the water during washing. Compared to the water
control, all three sanitizers proved to be efficacious for controlling
Salmonella in the water with populations below the limit of detection
after processing. However, in some related work with whole tomatoes,
chlorine yielded greater reductions of Salmonella in wash water com-
pared to peroxyacetic acid and mixed peracid (data not shown). Similar
results were also reported by Davidson, Buchholz & Ryser. (2013) who
assessed the efficacy of peroxyacetic acid, mixed peracid, and chlorine
against Escherichia coli O157:H7 during processing of iceberg lettuce
under pilot-scale conditions. Thus, sanitizer selection is product-spe-
cific.

3.4. Salmonella populations on equipment surfaces after washing

Regardless of the treatment, statistically similar (P > 0.05)
Salmonella populations were recovered from the three equipment sur-
faces. Washing with water alone yielded Salmonella populations of
−1.03 ± 0.7, −0.81 ± 0.42, and 0.22 ± 0.3 log CFU/100 cm2 on
the water tank, flume tank, and shaker table, respectively. For the same
equipment surfaces, the water control yielded higher numbers of sal-
monellae compared to the sanitizer treatments, with Salmonella popu-
lations less than −1.5 log CFU/100 cm2 for all three sanitizer treat-
ments (Fig. 5).

After draining the processing line, Salmonella was recovered from
the film of water remaining on the equipment surfaces. However, sa-
nitizer use can decrease Salmonella populations on processing lines with
chlorine, peroxyacetic acid and mixed peracid proving to be equally
effective in the current study.
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Fig. 4. Salmonella transfer from one batch of inoculated tomatoes to 10 batches
of uninoculated tomatoes during dicing (obs: observed value from experiment;
pred: prediction value from modeling; CB: confidence bands for prediction line;
PB: prediction bands for prediction line).

Table 1
Mean (± SD) Salmonella populations (log CFU/g) on diced tomatoes during and after washing (n= 3).

Wash Time Water Chlorine Mixed Peracid Peroxyacetic Acid

Initial aX4.66 ± 0.30 AY a 4.71 ± 0.09 A a 4.73 ± 0.34 A a 4.77 ± 0.46 A
20 s b 3.36 ± 0.45 b 3.16 ± 0.20 b 3.34 ± 0.08 b 2.82 ± 0.30
40 s b 3.55 ± 0.19 bc 2.93 ± 0.17 b 3.26 ± 0.09 b 3.02 ± 0.32
60 s b 3.26 ± 0.34 bc 2.94 ± 0.24 bc 3.00 ± 0.29 b 2.91 ± 0.49
80 s b 3.39 ± 0.12 b 3.02 ± 0.09 bc 3.05 ± 0.31 b 2.79 ± 0.28
100 s b 3.24 ± 0.32 b 3.07 ± 0.18 bc 3.09 ± 0.18 b 2.62 ± 0.20
120 s b 3.31 ± 0.36 bc 2.63 ± 0.07 bc 3.01 ± 0.46 b 2.90 ± 0.27
After process b 3.33 ± 0.12 c 2.40 ± 0.44 c 2.38 ± 0.14 b 2.34 ± 0.46
Log reduction 1.33 ± 0.20 B 2.31 ± 0.35 A 2.35 ± 0.39 A 2.42 ± 0.14 A

X Means with different letters in the same column are significantly different (P≤ 0.05).
Y Means with different capital letters in the same row are significantly different (P≤ 0.05).
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3.5. Sanitizer efficacy against Salmonella on conveyor belts during
conveyance of diced tomatoes

As shown in Fig. 6, all four sanitizer treatments were more effective
than water (P≤ 0.05) in reducing Salmonella on conveyor belt surfaces.
For the smooth and interlocking belts, Salmonella reductions were
greater (P≤ 0.05) using mixed peracid (6.49 and 6.76 log) and per-
oxyacetic acid (5.95 and 6.10 log) as compared to chlorine (3.72 and

5.70 log) and electrolyzed water (3.50 and 4.53 log). Log reductions
were similar for both the smooth and interlocking belts (P > 0.05),
except for chlorine which was more efficacious for the interlocking belt.

Conveyor belts are widely used in the food industry with their de-
sign dependent on the specific application. In this study, two different
types of conveyor belts as might connect a shaker and packing table
were continually spray-sanitized. Regardless of the conveyor belt ma-
terial or design, all four spray sanitizer treatments decreased Salmonella
populations more than 3 logs as compared to water (∼1.5 log reduc-
tion),. This finding was consistent with results obtained from a previous
study that mimicked Listeria monocytogenes contamination during con-
veying of turkey (Yan, Steele, Zhang, & Ryser, 2008). In both studies,
chlorine was no more effective than peroxyacetic acid (this study) or
hydrogen peroxide (previous study). However, the low cost and ease of
preparation makes electrolyzed water a viable option for spray sani-
tizing. In contrast to our earlier work with meat residues, similar mi-
crobial reductions were seen for the smooth and pleated belts, in-
dicating that sanitizer efficacy is partially determined by both the type
of product residue on the belt and the design of the conveyor.

4. Conclusions

A series of pilot-scale processing trials were conducted to mimic
commercial dicing, washing, and conveying of diced tomatoes. When
fitted to an exponential decay model, the data clearly showed that
Salmonella could spread to large quantities of product during dicing.
Peroxyacetic acid, mixed peracid, and chlorine yielded similar
Salmonella reductions on diced tomatoes during flume washing. While

Table 2
Mean (± SD) Salmonella populations (log CFU/ml) in flume water during 2-min washing of diced tomatoes (n= 3).

Wash Time Water Chlorine Mixed Peracid Peroxyacetic Acid

20 s Aa 1.39 ± 0.49 a −0.78 ± 0.45 a −0.45 ± 0.49 a 0.04 ± 0.91
40 s a 1.78 ± 0.57 a −0.80 ± 0.63 a −0.21 ± 0.25 a −0.29 ± 0.98
60 s a 2.84 ± 1.03 a −0.88 ± 0.72 a 0.32 ± 1.08 a −0.41 ± 1.3
80 s a 2.43 ± 0.90 a −0.15 ± 1.02 a −0.32 ± 0.67 a −0.54 ± 0.75
100 s a 2.39 ± 1.06 a −0.88 ± 0.72 a −0.78 ± 0.66 a −0.71 ± 0.53
120 s a 2.24 ± 0.82 a −1.00 ± 0.30 a −0.94 ± 0.39 a −1.10 ± 0.35
After process a 1.54 ± 0.31 Ab a −1.30 ± 0.00 B a −1.30 ± 0.00 B a −1.30 ± 0.00 B

Limit of detection (LOD): −1.0 log CFU/ml; Half of LOD (−1.3 log CFU/ml) was used when no Salmonella colonies were recovered.
a Means with different letters in the same column are significantly different (P≤ 0.05).
b Means with different capital letters in the same row are significantly different (P≤ 0.05).

Fig. 5. Mean (± SD) Salmonella populations on equipment surfaces (water
tank, flume tank, and shaker table) after washing diced tomatoes (n= 3).
Means with different letters within the same equipment surface are significantly
different (P≤ 0.05).
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Fig. 6. Mean (± SD) Salmonella reductions on conveyor belts after sanitizer treatments (n = 3). Means with different letters and capital letters are significantly
different for smooth and interlocking conveyor belts, respectively (P ≤ 0.05). *Means are significantly different within the same sanitizer treatment (P≤ 0.05).
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selection of an appropriate sanitizer for effective washing remains cri-
tically important, the negative impact of an increasing organic load on
sanitizer efficacy during continuous flume washing of diced tomatoes
cannot be overlooked. Given the low cost and ease of production, use of
electrolyzed water as a sanitizer spray for conveyor belts appears to be a
promising and economical means for enhancing end-product safety.
These findings should help provide some practical guidelines for the
industry and aide in the development of improved risk assessments.
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