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ABSTRACT

Chlorine dioxide (ClO2) is an antimicrobial agent recognized for its disinfectant properties. In this study, the sanitizing
effects of ClO2 solutions against Salmonella enterica and Erwinia carotovora in water, on tomato surfaces, and between loads
of tomatoes were evaluated. In water, ClO2 at 5, 10, and 20 ppm caused a �5-log reduction of S. enterica within 6, 4, and 2
s, respectively. Higher lethality was observed with E. carotovora; a 5-log reduction was achieved after only 2 s with 10 ppm
ClO2. On fruit surfaces, however, the sanitizing effects were compromised. A full minute of contact with ClO2 at 20 and 10
ppm was required to achieve a 5-log reduction in S. enterica and E. carotovora counts, respectively, on freshly spot-inoculated
tomatoes. On inoculated fruit surfaces, populations decreased �3 log CFU/cm2 during desiccation at 24 � 1�C for 24 h.
Populations of air-dried Salmonella and Erwinia were not significantly reduced (P � 0.05) by ClO2 at �20 ppm after 1 min.
Either wet or dry inoculum of these two pathogens could contaminate immersion water, which in turn can cross-contaminate
a subsequent load of clean fruit and water. ClO2 at 5 ppm used for immersion effectively prevented cross-contamination.
Pathogen contamination during fruit handling is best prevented with an effective disinfectant. Once a load of fruit is contam-
inated with pathogens, even a proven disinfectant such as ClO2 cannot completely eliminate such contaminants, particularly
when they are in a dehydrated state on fruit.

Fruits are susceptible to natural contamination from
soil, insects, birds, water, and other sources during growth
and harvest (6, 20, 24, 30). Although most environmental
microbes found on raw fruit are considered benign, contam-
ination with human or plant pathogens presents a persistent
challenge to the fresh fruit industry. Inadequate fruit pack-
ing, processing, and sanitation can result in further spread
of pathogens, leading to serious cross-contamination and
outbreaks (13, 23).

Contaminated raw tomatoes have caused several large
outbreaks of human salmonellosis over the past few years.
In 1999, raw restaurant-prepared tomatoes were implicated
in a multistate outbreak of Salmonella enterica infection
(11). In summer 2004, three outbreaks of Salmonella in-
fection associated with eating Roma tomatoes were detected
in the United States and Canada (10). In investigations of
such widespread outbreaks, researchers often conclude that
contamination likely occurred on the farm or during pack-
ing, where more effective disinfection and prevention strat-
egies are needed.

Erwinia carotovora is a causative agent of postharvest
soft rot decay in many types of produce, including tomatoes
(2, 7). Contamination can occur during harvest operations
where harvest-associated wounds can introduce the organ-
ism to otherwise sound fruit. Risk of cross-contamination
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and infiltration of this bacterium into tomatoes is a major
concern during packinghouse dumping and hydrocooling
operations (4, 13, 29). Chlorine compounds can be used to
help control tomato decay caused by E. carotovora (5).
Standard recommendations call for tomato dump tanks to
be maintained at a temperature at least 10�F (5.6�C) above
that of incoming fruit to reduce the potential for dump tank
solution infiltration (5, 29, 31). The microbial quality of the
water is typically maintained by use of sanitizing chemicals
registered with the U.S. Environmental Protection Agency.
The sanitizer concentration must be closely monitored to
ensure adequate levels are maintained to prevent a buildup
of microorganisms in the recycled solution that could con-
taminate fruit.

The primary biocide used in fresh produce packing op-
erations is chlorine, typically in the form of sodium hypo-
chlorite (bleach). Chlorine dissociates in water to either hy-
pochlorous acid or hypochlorite ion, depending upon so-
lution pH (5, 27). The biocidal form of chlorine is hypo-
chlorous acid, and the pH of chlorine solutions must be
properly controlled to ensure that adequate levels of the
active biocide are maintained. One disadvantage of chlorine
is that it can react with trace amounts of organic material
on fresh produce to form potentially carcinogenic organo-
chlorine compounds (27, 30). Therefore, alternative sanitiz-
ers are being adapted by the produce industry as chlorine
replacements.

Chlorine dioxide (ClO2) is a biocide with 2.5 times the
oxidation capacity of chlorine (27). It has been used since
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the 1950s in drinking water purification and is permitted in
wash water for produce (8). In contrast to chlorine, ClO2

is effective across a broad pH range and does not react with
water, remaining a dissolved gas in solution (1). Further-
more, ClO2 does not react with ammonia to form chlora-
mines nor does it form trihalomethanes in the presence of
organic matter.

Chlorine dioxide must be generated on site; thus, past
use has been largely restricted to municipal drinking water
and pulp and paper industries, where large capacities are
required and the significant capital investment for genera-
tion systems can be absorbed. However, recently developed
methods for generating ClO2 have made the use of this
compound easier and more affordable for the produce in-
dustry (19, 26). Some of the methods deliver ClO2 in a
mixture with acids or other compounds; these mixtures are
not considered pure ClO2 sanitizer.

Other researchers have reported antimicrobial effects
of aqueous ClO2 on Escherichia coli O157:H7 and Listeria
monocytogenes on apples, lettuce, strawberries, and canta-
loupe (27), E. coli on oranges (22), total microorganisms
on cucumbers (25), and fungal contaminates on hard sur-
faces such as belts and pads in a commercial apple and
pear packinghouse (26). With various experimental proto-
cols and target organisms, these studies produced inconsis-
tent ClO2 immersion results, ranging from no effect to a
�3-log reduction, for microorganisms on produce. In pre-
vious investigations, the efficacy of aqueous ClO2 has been
compared with that of other common sanitizers (19, 22, 27).
The purpose of the current study was to specifically inves-
tigate the sanitizing effects of a ClO2 solution on S. enterica
and E. carotovora in water, on tomato surfaces, and be-
tween tomato loads. Because microbial contaminants on
fruit surfaces can be encountered as new contaminants or
later in a dehydrated state, the effects of ClO2 sanitizing
treatment on both types of contamination were evaluated.

MATERIALS AND METHODS

Inoculum preparation. Three serovars of S. enterica (Sal-
monella Enteritidis ATCC 13076, Salmonella Newport ATCC
6962, and Salmonella Typhimurium ATCC 14028) and three
strains of E. carotovora (ATCC 495, ATCC 15359, and ATCC
25272) were maintained at 4�C on tryptic soy agar (TSA) (unless
otherwise stated, all media were from Bacto, Becton Dickinson,
Sparks, Md.). The cultures were transferred to tryptic soy broth
containing 0.6% yeast extract (TSBYE) and incubated for 22 to
24 h at 35 and 28�C for Salmonella and Erwinia, respectively.
The three Salmonella or Erwinia cultures were then pooled, cen-
trifuged, and resuspended in autoclaved tap water to desired con-
centrations for immediate use (27).

Chlorine dioxide preparation. Aqueous chlorine dioxide
was obtained by adding sterile tap water (2 liters at 23�C) to a
commercially available 500-ppm ClO2 generating pouch (Selec-
trocide-2L500, Selective Micro Technologies, Beverly, Mass.) the
day before application. The solution was then diluted to 20, 10,
or 5 ppm with sterile tap water (pH 7.9). Addition of ClO2 caused
a minor shift in pH of the water to approximately 7.5. Concen-
trations of diluted ClO2 were tested immediately before applica-
tion with low-range (0, 1, 3, 5, and 10 ppm) chlorine dioxide test

strips provided by the manufacturer (Selective Micro Technolo-
gies) (28).

Water system study. Sterile test tubes containing 30 ml of
aqueous ClO2 or water as a control at 23�C were spiked with one
of the inocula to obtain approximately 7 log CFU/ml S. enterica
or E. carotovora. After 2, 4, 6, or 10 s, the entire solution was
neutralized by mixing with an equal amount (30 ml) of TSBYE
containing 0.2% sodium thiosulfate (Fisher Scientific, Fair Lawn,
N.J.) before plating (5, 30).

Fruit surface study. Untreated (no washing, oiling, or wax-
ing) Roma tomatoes were obtained directly from a commercial
packinghouse (Immokalee, Fla.), stored at 10�C, and used within
3 weeks. The tomatoes were placed at ambient temperature, and
a smooth non–stem-scar area (10 cm2) on each tomato was
marked with a circle. Each tomato was then spot inoculated with
300 �l of inoculum applied as 20 droplets in the circled area.
Inoculated tomatoes were used immediately for a wet-inoculum
trial to simulate newly introduced water contamination or were
dried at 25�C for 2 h in a forced-air chamber (model 680A, Lab-
Line, Dubuque, Iowa) and then held at 23�C and 40 to 50% rel-
ative humidity for another 22 h for a dry-inoculum trial to sim-
ulate dehydrated contaminants. For each treatment, nine inoculat-
ed tomatoes were immersed in 2 liters of ClO2 or water for 20 to
60 s, and then thin pieces were aseptically cut from the circled
surface areas of three treated tomatoes at 20-s intervals. The cut
pieces were immediately placed in a sample bag containing 10 ml
of TSBYE with 0.2% sodium thiosulfate and macerated in a lab-
oratory blender (IUL Instruments, Barcelona, Spain) at high speed
for 4 min before plating.

Cross-contamination study. Chlorine dioxide solution (5
ppm) or water used for the 60-s treatment of the fruit surface study
was poured into a second container to immerse nine circle-marked
uninoculated tomatoes. After 1 min, the tomatoes were separated
into three equal groups. Samples were taken from one group by
cutting as described above. The other two groups of tomatoes
were immersed in a new batch of either ClO2 (5 ppm) or water
for an additional 1 min before samples were collected. Water sam-
ples were obtained before and after each step of the immersion
treatment.

Microbial enumeration. Appropriate dilutions of each water
system sample (in 0.1% peptone water) were spread plated on
TSA and incubated for 48 h at 36 or 28�C for enumeration of S.
enterica and E. carotovora, respectively. In the tomato surface
and cross-contamination studies, pathogens were enumerated on
selective plating media to exclude background microflora. For Sal-
monella, appropriate dilutions of each sample were spread plated
on TSA and incubated at room temperature for 2 h. This culture
was overlaid with xylose-lysine-desoxychlolate agar (XLD) and
further incubated at 36�C (21). Black colonies on TSA-XLD were
counted after 24 and 48 h of incubation because no appropriate
colonies were found in preliminary tests with noninoculated sam-
ples. Representative colonies were biochemically confirmed as
Salmonella using API 20E test strips (bioMérieux, Hazelwood,
Mo.). For Erwinia, appropriate dilutions of each sample were
spread plated on crystal violet pectate medium (CVP) (12) and
incubated at 28�C. Typical colonies forming deep cavities were
counted as Erwinia after 24 and 48 h of incubation because no
other similar colonies were observed in the noninoculated sam-
ples. Based on the amount of sample plated, the lowest detection
level was 10 CFU/ml for the water system study, 10 CFU/cm2 for
the fruit surface study, and 1 CFU/ml or 1 CFU/cm2 for the cross-
contamination study.
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FIGURE 1. Effect of chlorine dioxide concentration on the re-
covery of Salmonella enterica from (A) water (TSA plates), (B)
tomato surfaces with wet inoculum (TSA-XLD plates), and (C)
tomato surfaces with dry inoculum (TSA-XLD plates).

FIGURE 2. Effect of chlorine dioxide concentration on the re-
covery of Erwinia carotovora from (A) water (TSA plates), (B)
tomato surfaces with wet inoculum (CVP plates), and (C) tomato
surfaces with dry inoculum (CVP plates).

Statistical analysis. Based on a minimum of 3 replications
per treatment, microbial populations were analyzed by t test or
one-way analysis of variance using SigmaStat software (version
3.0, SPSS Inc., Chicago, Ill.). Differences were considered sig-
nificant at P � 0.05.

RESULTS AND DISCUSSION

Reducing pathogens in water. As expected, ClO2 had
excellent sanitizing activity against S. enterica and E. car-
otovora in water. In autoclaved tap water, 5, 10, and 20
ppm ClO2 reduced S. enterica populations from 7.1 � 0.1
log CFU/ml to the minimum detection level (10 CFU/ml)
after about 10, 6, and 4 s, respectively (Fig. 1A). The same
ClO2 concentrations achieved 5-log reductions of S. enter-
ica in 6, 4, and 2 s, respectively. For E. carotovora, only

8, 4, and 2 s of exposure to 5, 10, and 20 ppm ClO2,
respectively, were required to reduce the initial population
of 6.8 � 0.0 log CFU/ml to concentrations at or below the
level of detection (Fig. 2A). A 5-log reduction of E. car-
otovora was achieved in only 2 s with 10 ppm of ClO2.
Significant reductions in concentrations of S. enterica and
E. carotovora were not observed in the water controls
(without ClO2). Previous investigations have established
that untreated water used for fruit farm and packing oper-
ations can be a vehicle for introduction of serious pathogens
such as Salmonella and Erwinia onto produce (6, 18).
Therefore, use of approved disinfectants, including ClO2,
with clean or potable water in agricultural production and
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TABLE 1. Effect of chlorine dioxide immersion in reducing pathogens on the surface of inoculated tomatoes and in dumping watera

ClO2

treatmentb

Salmonella enterica (log CFU)

Wet inoculum

Fruit (per cm2) Water (per ml)

Dry inoculum

Fruit (per cm2) Water (per ml)

Erwinia carotovara (log CFU)

Wet inoculum

Fruit (per cm2) Water (per ml)

Dry inoculum

Fruit (per cm2) Water (per ml)

None
0 ppm
5 ppm

8.0 � 0.2 A

6.6 � 0.1 B

5.0 � 0.3 C

�0.0 � 0.0 B

6.7 � 0.0 A

0.8 � 0.3 C

5.0 � 0.1 A

4.4 � 0.1 A

4.2 � 0.3 A

�0.0 � 0.0 B

4.0 � 0.3 A

0.6 � 0.3 B

7.3 � 0.1 A

5.4 � 0.1 B

3.9 � 0.3 C

�0.0 � 0.0 B

5.5 � 0.1 A

�0.0 � 0.0 B

3.2 � 0.3 A

2.6 � 0.3 A

2.3 � 0.3 A

�0.0 � 0.0 B

2.3 � 0.1 A

�0.0 � 0.0 B

a Values are mean � standard error (n � 3). Within each column, means followed by different letters are significantly different (P �
0.05). Selective plates (TSA-XLD for Salmonella and CVP for Erwinia) were used for pathogen enumeration.

b Inoculated tomatoes (one load; nine fruits per treatment) were immersed for 1 min in 2 liters of water (25�C) with or without ClO2

(5 ppm).

processing systems is recommended to control the risk of
contamination associated with waterborne pathogens.

Reducing pathogens on fruit. Whereas ClO2 concen-
trations between 5 to 20 ppm killed inoculated S. enterica
and E. carotovora in water almost instantly, the sanitizing
effects were reduced on tomatoes. A full minute of contact
with ClO2 at 20 and 10 ppm was required to achieve a 5-
log reduction of S. enterica and E. carotovora on freshly
spot-inoculated tomatoes, as indicated by cultures grown on
TSA-XLD and CVP, respectively (Figs. 1B and 2B). Im-
mersing wet-inoculated tomatoes in water (0 ppm ClO2) for
1 min alone reduced S. enterica and E. carotovora by about
1.2 and 1.9 log CFU/cm2, respectively. On tomato surfaces,
pathogen concentrations decreased more than 3 log CFU/
cm2 during 24 h of desiccation at 24 � 1�C. When com-
pared with pathogen concentrations in water controls with-
out ClO2, the concentrations of air-dried Salmonella and
Erwinia were not significantly changed by exposure to �20
ppm ClO2 after 1 min (Figs. 1C and 2C). Nevertheless,
immersion of dry-inoculated tomatoes in water, with or
without the presence of ClO2, resulted in significant reduc-
tions in Salmonella and Erwinia.

Raw tomatoes can become contaminated with patho-
gens during production, harvesting, and packing operations.
At each of these steps, either natural or human-associated
environmental factors may influence the types of microbial
contaminants on the product. For example, contaminated
runoff from rain, irrigation, or dumping water may deliver
initial wet contaminants to produce surfaces. These contam-
inants then may become dehydrated naturally or artificially
during storage. The results of this study suggest that ClO2

at its currently permitted concentration (5 to 10 ppm) pro-
vides significant sanitizing activity to tomatoes only for
fruit with freshly introduced waterborne contaminants.
Once the contaminants are dried, a brief (�1 min) ClO2

bath offers little or no sanitizing effect in comparison to
regular tap water.

Preventing cross-contamination. Both the wet and
dry inocula of the two pathogens contaminated the immer-
sion water in the absence of an effective level of ClO2.
Immersion of fruit with dried inocula of Salmonella at 5.0
log CFU/cm2 or Erwinia at 3.2 log CFU/cm2 for 1 min
resulted in pathogen populations of 4.0 and 2.3 CFU/ml,
respectively, in the water (Table 1). These pathogens in the

contaminated water could, in turn, cross-contaminate a sub-
sequent load of clean tomatoes and water without ClO2.
For example, immersion of uninoculated tomatoes in water
contaminated with Salmonella at 6.7 log CFU/ml or Er-
winia at 5.5 log CFU/ml (both from wet-inoculum trials)
for 1 min resulted in pathogen populations of 4.1 and 2.8
CFU/cm2, respectively, on the product (Table 2). Subse-
quent immersion of these newly contaminated tomatoes in
clean water further spread the respective pathogens to the
water at 4.0 and 2.8 log CFU/ml, respectively. Cross-con-
tamination, both from contaminated water to product and
from contaminated product to water, was effectively pre-
vented by adding 5 ppm ClO2 to the water. In the produce
industry, failure to use sanitizing treatments such as aque-
ous ClO2 could allow transfer of pathogens from wet equip-
ment surfaces or water to uncontaminated product, as dem-
onstrated here.

Major differences were observed between the wet- and
dry-inoculum trials. During the 24-h drying period, the
physiological state of the pathogen was likely altered so
that it became more firmly attached and penetrated deeper
into the product, increasing sanitizer resistance (3). Future
research should focus on mechanical treatments such as
brushing when testing the effects of ClO2 on dehydrated
contaminants on fruit. Mechanical brushing is commonly
used in the produce industry, and the results reported here
suggest that contaminants liberated from fruits and vege-
tables will be more susceptible to sanitizers than those at-
tached to produce surfaces. A combination of physical re-
moval and chemical reaction may yield significantly greater
pathogen reductions on fruit surfaces than did the immer-
sion treatment used in this study.

Other researchers have reported results similar to ours,
i.e., the reduced effectiveness of ClO2 on surface-attached
microflora. For example, Foschino et al. (14) found that the
bactericidal activity of aqueous ClO2 against E. coli was
compromised when cells were attached to hard surfaces.
Costilow et al. (9) found that 2.5 ppm ClO2 was effective
against microorganisms in wash water, but concentrations
as high as 105 ppm failed to reduce the microflora on or
in cucumbers. Because of this limitation, scientists have
been seeking improved methods of ClO2 application. In
many studies, gaseous ClO2 has been more lethal to micro-
organisms than has aqueous ClO2 (15, 27, 30). The com-
bined effects of ClO2 and other physical interventions (such
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as ultrasonication) or chemical sanitizers have been inves-
tigated (16, 31). In one recent study, there was a difference
between using CVP and a nonselective medium for recov-
ering Erwinia cells injured by mild acid treatment (17).
Although ClO2-induced cell injury and subsequent infectiv-
ity and recovery issues have not been thoroughly addressed,
the potential for lack of growth of sublethally injured Er-
winia cells on CVP plates should be considered when in-
terpreting the results of the current and previous studies.

In this study, the sanitizing effects of ClO2 against bac-
terial pathogens in water and on both wet- and dry-inocu-
lated tomatoes were drastically different. Contamination
with human and plant pathogens during fruit handling is
best prevented by using an effective disinfectant. After a
load of fruit is contaminated, even a proven disinfectant
such as ClO2 will not be fully effective in eliminating such
contaminants, particularly when they are in a dehydrated
state on the product. The efficacy of aqueous ClO2 ob-
served in this laboratory-scale study must be validated on
an individual basis for commercial operations, particularly
those utilizing recycled water that can contain high con-
centrations of organic or inorganic matter.

ACKNOWLEDGMENTS

This study was funded in part by Highland Fresh Technologies (Mul-
berry, Fla.). Technical support from Ms. Catherine Baxley is acknowl-
edged.

REFERENCES

1. Aieta, E., and J. D. Berg. 1986. A review of chlorine dioxide in
drinking water treatment. J. Am. Water Works Assoc. 78:62–72.

2. Alippi, A. M., E. Dal Bo, L. B. Ronco, P. E. Casanova, and O. M.
Aguilar. 1997. Tomato as a new host of Erwinia carotovora subsp.
carotovora in Argentina. Plant Dis. 81:230.

3. Annous, B. A., E. B. Solomon, P. H. Cooke, and A. Burke. 2005.
Biofilm formation by Salmonella spp. on cantaloupe melons. J. Food
Saf. 25:276–287.

4. Bartz, J. A. 1982. Infiltration of tomatoes immersed at different tem-
peratures to different depths in suspensions of Erwinia carotovora
subsp. carotovora. Plant Dis. 66:302–306.

5. Bartz, J. A., C. G. Eayre, M. J. Mahovic, D. E. Concelmo, J. K.
Brecht, and S. A. Sargent. 2001. Chlorine concentration and the in-
oculation of tomato fruit in packinghouse dump tanks. Plant Dis.
85:885–889.

6. Beuchat, L. R., and J. H. Ryu. 1997. Produce handling and process-
ing practices. Emerg. Infect Dis. 3:459–465.

7. Cerkauskas, R. F., and J. Brown. 2001. Bacterial stem and peduncle
canker of greenhouse pepper. Can. J. Plant Pathol. 23:300–306.

8. Code of Federal Regulations. 2006. Chlorine dioxide. CFR 21:
173.300. Available at: http://ecfr.gpoaccess.gov. Accessed 21 July
2006.

9. Costilow, R. N., M. A. Uebersax, and P. J. Ward. 1984. Use of
chlorine dioxide for controlling microorganisms during the handling
and storage of fresh cucumbers. J. Food Sci. 49:396–401.

10. Croby, R., V. Lanni, V. Kistler, V. Dato, A. Weltman, C. Yozviak,
K. Waller, K. Nalluswami, M. Moll, J. Lockett, S. Montgomery, M.
Lyuch, C. Braden, S. K. Gupta, and A. Dubois. 2005. Outbreaks of
Salmonella infections associated with eating Roma tomatoes—Unit-
ed States and Canada, 2004. Morb. Mortal. Wkly. Rep. 54:325–328.

11. Cummings, K., E. Barrett, J. C. Mohle-Boetani, J. T. Brooks, J. Far-
rar, T. Hunt, A. Flore, K. Komatsu, S. B. Werner, and L. Slutsker.
2001. A multistate outbreak of Salmonella enterica serotype Baildon
associated with domestic raw tomatoes. Emerg. Infect. Dis. 7:1046–
1048.

12. Cuppels, D., and A. Kelman. 1974. Evaluation of selective media

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/3/629/1679458/0362-028x-70_3_629.pdf by guest on 02 June 2020



J. Food Prot., Vol. 70, No. 3634 PAO ET AL.

for isolation of soft rot bacteria from soil and plant tissue. Phyto-
pathology 64:468–475.

13. Felkey, K., D. L. Archer, J. A. Bartz, R. M. Goodrich, and K. R.
Schneider. 2006. Chlorine disinfection of tomato surface wounds
contaminated with Salmonella spp. HortTechnology 16:253–256.

14. Foschino, R., I. Nervegna, A. Motta, and A. Galli. 1998. Bactericidal
activity of chlorine dioxide against Escherichia coli in water and on
hard surfaces. J. Food Prot. 61:668–672.

15. Han, Y., R. H. Linton, S. S. Nielsen, and P. E. Nelson. 2001. Re-
duction of Listeria monocytogenes on green peppers (Capsicum an-
nuum) by gaseous and aqueous chlorine dioxide and water washing
and its growth at 7�C. J. Food Prot. 64:1730–1738.

16. Huang, T.-S., C. Xu, K. Walker, P. West, S. Zhang, and J. Weese.
2006. Decontamination efficacy of combined chlorine dioxide with
ultrasonication on apples and lettuce. J. Food Sci. 71:M134–M139.

17. Liao, C.-H., and L. M. Schollenberger. 2004. Enumeration, resusci-
tation, and infectivity of the sublethally injured Erwinia cells induced
by mild acid treatment. Phytopathology 94:76–81.

18. Nichols, G. 2006. Infection risks from water in natural and manmade
environments. Euro Surveill. 11:76–78.

19. Mari, M., T. Cembali, E. Baraldi, and L. Casalini. 1999. Peracetic
acid and chlorine dioxide for postharvest control of Monilia laxa in
stone fruits. Plant Dis. 83:773–776.

20. Pao, S., and G. E. Brown. 1998. Reduction of microorganisms on
citrus fruit surfaces during packinghouse processing. J. Food Prot.
61:903–906.

21. Pao, S., G. E. Brown, and K. R. Schneider. 1998. Challenge studies
with selected pathogenic bacteria on freshly peeled Hamlin orange.
J. Food Sci. 63:359–362.

22. Pao, S., and C. L. Davis. 1999. Enhancing microbiological safety of
fresh orange juice by fruit immersion in hot water and chemical
sanitizers. J. Food Prot. 62:756–760.

23. Pao, S., and C. L. Davis. 2001. Transfer of natural and artificially
inoculated microorganisms from orange fruit to fresh juice during
extraction. Lebensm.-Wiss. Technol. 34:113–117.

24. Pao, S., A. Kalantari, and G. Huang. 2006. Utilizing acidic sprays
for eliminating Salmonella enterica on raw almonds. J. Food Sci.
71:M14–M19.

25. Reina, L. D., H. P. Fleming, and E. G. Humphries. 1995. Microbial
control of cucumber hydrocooling water with chlorine dioxide. J.
Food Prot. 58:541–546.

26. Roberts, R. G., and S. T. Reymond. 1994. Chlorine dioxide for re-
duction of postharvest pathogen inoculum during handling of tree
fruits. Appl. Environ. Microbiol. 60:2864–2868.

27. Rogers, S. L., J. N. Cash, M. Siddiq, and E. T. Ryser. 2004. A
comparison of different chemical sanitizers for inactivating Esche-
richia coli O157:H7 and Listeria monocytogenes in solution and on
apples, lettuce, strawberries, and cantaloupe. J. Food Prot. 67:721–
731.

28. Selective Micro Technologies. 2004. Selective Micro chlorine di-
oxide test strips. Available at: http://selectivemicro.com/documents/
TestStrip.pdf. Accessed 23 August 2006.

29. Vigneault, C., J. A. Bartz, and S. A. Sargent. 2000. Postharvest de-
cay risk associated with hydrocooling tomatoes. Plant Dis. 84:1314–
1318.

30. Yuk, H. G., J. A. Bartz, and K. R. Schneider. 2005. Effectiveness of
individual or combined sanitizer treatments for inactivating Salmo-
nella spp. on smooth surface, stem scar, and wounds of tomatoes. J.
Food Sci. 70:M409–M414.

31. Zhuang, R. Y., L. R. Beuchat, and F. J. Angulo. 1995. Fate of Sal-
monella Montevideo on and in raw tomatoes as affected by temper-
ature and treatment with chlorine. Appl. Environ. Microbiol. 61:
2127–2131.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/3/629/1679458/0362-028x-70_3_629.pdf by guest on 02 June 2020


