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ABSTRACT
Effective cold chain management is a critical component of food safety practice. In this study, we examined the impact of
commonly encountered temperature abuse scenarios on the proliferation of Salmonella enterica and Listeria monocytogenes on
fresh-cut cantaloupe. Inoculated fresh-cut cantaloupe cubes were subjected to various temperature abuse conditions, and the
growth of S. enterica and L. monocytogenes was determined. During 1 week of storage, Salmonella cell counts on fresh-cut
cantaloupe increased by 20.26, 1.39, and 2.23 log units at 4uC (control), 8uC, and 12uC (chronic temperature abuse),
respectively, whereas that of L. monocytogenes increased by 0.75, 2.86, and 4.17 log units. Under intermittent temperature abuse
conditions, where storage temperature fluctuated twice daily to room temperature for 30 min, Salmonella cell count increased by
2.18 log units, whereas that of L. monocytogenes increased by 1.86 log units. In contrast, terminal acute temperature abuses for 2
to 4 h resulted in upwards to 0.6 log unit for Salmonella, whereas the effect on L. monocytogenes was less significant compared
with L. monocytogenes on cut cantaloupe stored at 4uC. Significant deterioration of produce visual quality and tissue integrity, as
reflected by electrolyte leakage, was also observed under various temperature abuse conditions.

In recent years, netted melons such as cantaloupes have
emerged as one of the most significant vehicles of
widespread foodborne illness outbreaks caused by bacterial
pathogens (17). In 2011, contaminated cantaloupes from
one farm in Colorado caused a multistate outbreak of
Listeria monocytogenes infections that sickened at least 147
people in 28 states, including 143 hospitalizations and
33 deaths (3, 18). In 2012, a large-scale outbreak of
salmonellosis caused by Salmonella enterica serovars
Typhimurium and Newport resulted in 261 reported
infections in 24 states, including 94 hospitalizations and 3
deaths reported to the Centers for Disease Control and
Prevention (4). Since 2000, at least 29 multistate outbreaks
of foodborne infections by S. enterica serovars, enterohemorrhagic Escherichia coli, or L. monocytogenes associated
with melons have been reported in United States and
Canada. At least 18 of these outbreaks were Salmonella
outbreaks that implicated cantaloupes (Division of Public
Health Risks Science, Laboratory of Foodborne Zoonoses,
Public Health Agency of Canada, unpublished data).
Cantaloupes are grown in direct contact with soil,
potentially resulting in higher vulnerability to contamination
by microorganisms, including bacterial pathogens, from
soil, soil amendments, irrigation water, and intruding
* Author for correspondence. Tel: 301-504-8991; Fax: 301-504-8438;
E-mail: xiangwu.nou@ars.usda.gov.

wildlife (6, 7, 14). Microstructures of the netting give the
cantaloupe rind inherent surface roughness that is likely to
favor bacterial attachment (25). The topographic characteristics of cantaloupes and other netted melons can provide
extra protection to microorganisms (30). Unlike the smoothskinned melons, such as honeydews and watermelons, the
extensive netting on the surface of cantaloupes increases the
attachment by bacteria and reduces the efficacy of
commonly used postharvest interventions, such as washing
with chlorinated water (23, 29). Indeed, biofilm formation
has been reported for bacterial pathogens on cantaloupe
surface nettings and is considered the main reason of
ineffectiveness of chemical sanitizers for reducing Salmonella contamination on the cantaloupe surface (2, 24).
In commercial operations, cantaloupes are subjected to
various antimicrobial treatments, such as chlorinated water
or brief surface pasteurization, before the removal of rinds
and packaging of fresh-cut flesh (1). The relatively low
efficacy of postharvest antimicrobial interventions for
cantaloupes determines the critical importance for effective
cold chain management of fresh-cut cantaloupes. Effective
cold chain management is also critical for maintaining the
quality and shelf life of the products.
Cold chain management is a critical component of
quality and safety control for all fresh-cut produce (8). For
leafy greens, a broken cold chain can result in rapid growth
of spoilage and, if present, foodborne pathogens (15). The
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growth of inoculated bacterial pathogens such as E. coli
O157:H7 can outpace that of the spoilage bacteria and the
appearance of quality deterioration, resulting in unsafe
product without visual aversion (16). Fresh-cut cantaloupe
is rich in sugars and other nutrients on the cut surfaces that
necessitate stringent temperature control to prevent potential
proliferation by bacterial contaminants. In this study, we
investigated the survival and growth of S. enterica serovars
and L. monocytogenes, two bacteria that were found in
recent cantaloupe-associated outbreaks, on fresh-cut cantaloupes under several commonly encountered temperature
abuse scenarios, including chronic, acute, and intermittent
temperature abuse conditions.
MATERIALS AND METHODS
Cantaloupes and sample preparation. Mature market grade
cantaloupe fruits were purchased from local grocers and stored at
4uC overnight before use. Whole cantaloupes were immersed in
distilled water containing 200 mg/liter of free chlorine (pH 6.5
adjusted using citric acid) for 2 min and rinsed in sterile distilled
water. Washed cantaloupes were surface dried with paper towels
and ventilation in a laminar flow hood for 30 min. After removal of
seeds, rind (exocarp), and the innermost top layer soft tissue
(endocarp), the cantaloupe flesh (mesocarp) was cut to cube-like
pieces of ,8 cm3 and placed into 4-oz (112-g) portion cups for
storage at 4uC until inoculation. Each sample was composed of
three cubes that were from three different cantaloupes. Total
weight of each sample was controlled at 25 ¡ 2 g.
Bacterial strains and inoculum preparation. Three S.
enterica and three L. monocytogenes strains were used in this study
as separate cocktail inoculums. Strains of S. enterica serovars
Newport (USDA4558, mango isolate), Poona (FS3060, cantaloupe
isolates), and Typhimurium (FDA1554, tomato isolate) and of L.
monocytogenes (M101, serotype 4b, sausage isolate; M108,
serotype 1/2b, salami isolate; and F6854, serotype 1/2a, frankfurter
isolate) were all from the Environmental Microbiology and Food
Safety Laboratory collections of the U.S. Department of Agriculture, Agricultural Research Service. Each of the strains was grown
individually overnight in Luria-Bertani broth (BD, Sparks, MD) at
35uC with aeration. The overnight cultures were harvested by
centrifugation and resuspended in equal volumes of phosphatebuffered saline (PBS; pH 7.2) and subsequently 1,000-fold diluted
in PBS. Equal volumes of the three S. enterica (SE) or the three L.
monocytogenes (LM) dilutions were mixed to obtain an SE or an
LM cocktail as inoculum, of which each contained ,106 CFU/ml
of bacteria. For experiments testing the effect of native microflora
(NM), washed S. enterica or L. monocytogenes cells were diluted
into cell suspension (see below for preparation) of NM to obtain
inoculum of SE-NM or LM-NM. S. enterica and L. monocytogenes
cell counts in the inoculums were enumerated by plating on XLT-4
(Neogen, Lansing, MI) and Palcam (BD) agars, respectively.
NM preparation. Three whole cantaloupes were sequentially
washed in 2 liters of PBS with brushing. The PBS wash solution
containing bacteria from the cantaloupes was filtered through a 0.33mm polyethylene filter in a filtered stomacher bag (Nasco, Salida,
CA) and concentrated by centrifugation. After removal of coarse
debris by low-speed centrifugation at 1,000 | g for 5 min, cells
were precipitated by centrifugation at 5,000 | g for 15 min and
resuspended in 1 ml of PBS. Cells were enumerated by plating on
tryptic soy agar (BD), and a portion of the NM suspension was also
plated on XLT-4 and on Palcam agars to screen for the presence of
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Salmonella and Listeria, of which both were negative. Cells
suspension were stored at 4uC and used within 24 h of preparation.
Inoculation of cantaloupe. Using an electronic repeater
dispenser, each cantaloupe cube in the portion cups was inoculated
by placing two 8.5-ml droplets of SE (or SE-NM) inoculum on two
of the vertical facets and two 8.5-ml droplets of LM (or LM-NM)
inoculum on the other two vertical facets, so that SE and LM
inocula would not mix during the storage. As such, each sample
(three cubes in a portion cup) was targeted to be inoculated with
,50 ml of SE and LM inocula, or ,5 | 104 CFU per sample (or
2.0 | 103 CFU/g) for S. enterica and L. monocytogenes. The
coinoculated NM, when tested, was also controlled at ,5 | 104
CFU per sample. The inoculated cantaloupe cubes were sealed in
the portion cups and stored immediately at a specified temperature
for a specified time. Noninoculated samples were also stored under
the same conditions as the inoculated samples and were used for
cantaloupe quality assessment.
Cantaloupe quality assessment. After storage at the
designated temperature and time, noninoculated cantaloupe
samples were visually inspected for quality deterioration by three
laboratory personnel trained in produce quality evaluation on a 9point hedonic scale, where 9 means ‘‘like extremely’’ and 1 means
‘‘dislike extremely’’ (19). Cantaloupe tissue integrity was assessed
by measuring electrolyte leakage from the cantaloupe cubes
following a modified method from Kou et al. (11). In brief,
cantaloupe cubes in each portion cup were immersed in 25 ml of
deionized distilled water for 30 min with intermittent shaking. The
conductivity of the resultant solution was measured using an
Accumet Basic AB30 conductivity meter (Fisher Scientific,
Pittsburgh, PA). Cantaloupe cubes immersed in water were then
frozen overnight at 220uC. After thawing at 37uC for 3 h, the
conductivity of the water was similarly measured. The relative
tissue electrolyte leakage was expressed as the ratio of prefreezing
conductivity and postfreezing conductivity of the sample.
Microbiological analyses. After incubation at the designated
temperature and time, inoculated cantaloupe cubes were immersed
in 50 ml of SEL broth (9) and subjected to vigorous shaking by
hand for 2 min. The wash solution filtered through a 0.33-mm
polyethylene filter in a stomacher bag was 10-fold serially diluted
in PBS, and appropriate dilutions were spiral plated on XLT-4 and
Palcam agars in duplicates. After incubation at 35uC for 24 to 48 h,
characteristic S. enterica and L. monocytogenes colonies on
respective selective plates were counted, and cell populations on
cantaloupe samples were calculated.
Experimental design and statistical analysis. The survival
and growth of S. enterica and L. monocytogenes on fresh-cut
cantaloupe subjected to various temperature abuses were compared
with those of the control, in which no temperature abuse occurred.
The experiment was conducted based on a factorial design with
four replications. The L. monocytogenes and Salmonella populations were subjected to a log transformation before statistical
analysis. Different samples were analyzed on each evaluation day
for all studies. When effects were statistically significant, means
were compared using the least significant difference test to
maintain experiment-wise error P , 0.05.

RESULTS AND DISCUSSION
Temperature control is the most effective means of
controlling growth of foodborne bacterial pathogens of
perishable foods such as fresh produce. The U.S. Food and
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Drug Administration (FDA) Uniform Food Code (28)
requires all foods in the category of ‘‘Time and Temperature
Control for Safety’’ be maintained at temperature not
exceeding 5uC. Fresh-cut melons, tomatoes, and leafy green
vegetables all belong to this category. However, incidences
of violations of FDA recommendations occur, either due to
the lack of proper equipment, improper employee training,
or lack of understanding and awareness of the importance of
temperature control in food safety. In this study, we
examined several temperature abuse scenarios that potentially occur in the food supply chain as well as during
consumer handling for the effect on the growth of foodborne
bacterial pathogens on fresh-cut cantaloupe. S. enterica and
L. monocytogenes were selected as they represent two
different classes of foodborne bacterial pathogens for their
ability of growth at low temperatures, and they have been
historically associated with cantaloupe-related illness outbreaks.
Chronic temperature abuse. In this study, chronic
temperature abuse was defined as sustained storage of timeand temperature-controlled food products at temperature
exceeding that prescribed for safe storage (5uC). Chronic
temperature abuses can occur at product distribution, retail
display, and home storage when refrigeration operates at
suboptimal conditions. Figure 1 shows the growth of
Salmonella and L. monocytogenes in fresh-cut cantaloupe
exposed to control (4uC) and abusive 8 and 12uC storage
temperatures during a storage time of 1 week. At 4uC,
Salmonella levels on fresh-cut cantaloupe stayed stable for
the duration of the storage, whereas a steady increase in
Salmonella populations was observed during the 8 and 12uC
storage, with the populations reaching 4.32 and 5.16 log
CFU/g, respectively, by the end of the week, or ,1.65 and
2.49 log units higher than that without temperature abuse.
The L. monocytogenes populations steadily increased at all
temperatures tested, reaching 4.44, 6.55, and 7.86 log CFU/
g after 1-week storage at 4, 8, and 12uC, respectively,
representing a proliferation by 0.75, 2.86, and 4.17 log units
during the week-long storage at the respective temperatures.
Acute temperature abuse. This study defined acute
temperature abuse as one-time, brief exposure of time- and
temperature-controlled food products to room or higher
temperatures. Two scenarios of acute temperature abuse
were considered: exposure of fresh-cut cantaloupe to room
temperature (25 ¡ 2uC) (mild) for 4 h and to 35uC (intense)
for 2 h. Acute temperature abuses typically occur as
consequence of delayed refrigeration after product processing or refrigeration failure afterward. These abuses are also
likely to occur during shopping and at consumers’ homes or
after trips, and under some other scenarios. For Salmonella,
exposure of inoculated cantaloupe cubes to a mild
temperature abuse for 4 h on days 0, 2, and 7
postinoculation resulted in an increase of cell counts from
0.39 to 0.60 log unit, values comparable to those of cubes
exposed to an intense temperature abuse for 2 h (0.32 and
0.54 log unit) (Table 1). The increase in Salmonella counts
was comparable to the observation by Ukuku and Sapers

FIGURE 1. Growth of S. enterica (top) and L. moncytogenes
(bottom) on fresh-cut cantaloupe affected by chronic temperature
abuse.

(27) where inoculated Salmonella increased by ,1 log unit
on inoculated fresh-cut cantaloupe that was held at 22uC for
5 h before refrigeration. For L. monocytogenes, the effect of
exposure to acute temperature abuse was less significant,
with L. monocytogenes populations increasing by 0.51 log
unit for exposure to intense temperature abuse on day 2, and
slightly decreasing for similar exposure on day 7 (Table 1).
This was likely attributable to the relatively slow growth of
L. monocytogenes compared with that of Salmonella at
elevated temperatures that permit optimal growth of both
pathogens.
Most acute temperature abuses are likely terminal,
where products are either consumed or discarded after
exposure to abusive temperatures. However, in some cases
food subjected to acute temperature abuse could be returned
to cold storage for consumption at later times. Therefore, we
evaluated the growth potential of Salmonella and L.
monocytogenes on fresh-cut cantaloupe during cold storage
after being exposed to acute temperature abuse conditions
(Fig. 2). Delaying refrigeration (4-h exposure to 25 ¡ 2uC
before cold storage) after inoculation resulted in an increase
in Salmonella population by 0.6 log unit, which was steadily
maintained during the ensuing storage period. For L.
monocytogenes, 4-h exposure to room temperature did not
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B
A
C

A

A

2.68 ¡ 0.18 (20.03)
3.44 ¡ 0.17 (0.16) A
4.75 ¡ 0.09 (0.26) B
A

A

A

A

L. monocytogenes (log CFU/g)
Day 0
2.71 ¡ 0.10
Day 2
3.28 ¡ 0.18
Day 7
4.49 ¡ 0.13

B

NDc
3.39 ¡ 0.32 (0.54)
3.04 ¡ 0.23 (0.32)
A

3.10 ¡ 0.37 (0.60)b B
3.43 ¡ 0.33 (0.58) B
3.11 ¡ 0.09 (0.39) B

35uC for 2 h
25uC for 4 h
None
Time

Salmonella (log CFU/g)
Day 0
2.50 ¡ 0.15
Day 2
2.85 ¡ 0.09
Day 7
2.72 ¡ 0.07

a

ND
3.57 ¡ 0.16 (0.21) B
4.19 ¡ 0.09 (20.17)
A

A

2.76 ¡ 0.21 (0.06)
3.43 ¡ 0.29 (0.07)
4.79 ¡ 0.20 (0.43)
A

2.70 ¡ 0.10
3.36 ¡ 0.22
4.36 ¡ 0.06
ND
3.79 ¡ 0.17 (0.51) B
4.34 ¡ 0.21 (20.15)

A

A

B

B
A

ND
3.29 ¡ 0.22 (0.39)
2.92 ¡ 0.07 (0.28)
B

B

3.07 ¡ 0.12 (0.59)
3.26 ¡ 0.17 (0.36)
2.74 ¡ 0.19 (0.10)
A

2.48 ¡ 0.22
2.90 ¡ 0.10
2.64 ¡ 0.21
B

None

A

35uC for 2 h
25uC for 4 h

Acute temp abuse (with NM)
Acute temp abuse (without NM)

TABLE 1. Effect of terminal acute temperature abuse on the growth of S. enterica and L. monocytogenes in the absence and presence of native microflora (NM) a

Values (means ¡ standard deviations) followed by different letters within a row (same day) for different temperature abuse conditions are significantly different at P ~ 0.05 according to the least
significant difference test.
b
Number in parentheses after each cell count value indicates change in log unit in comparison to control (no temperature abuse).
c
ND, not determined.
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FIGURE 2. Growth of S. enterica (top) and L. moncytogenes
(bottom) on fresh-cut cantaloupe affected by delayed refrigeration
in the absence and presence of native microflora (NM). Inoculated
cantaloupe cubes were stored at 4uC (control) or subjected to
delayed refrigeration (DF) by exposure to 25uC for 4 h, followed
by storage at 4uC. Dashed lines indicate the presence of NM.

immediately result in a significant increase of cell counts on
fresh-cut cantaloupe. However, the cell counts on the
samples subjected to delayed refrigeration was ,0.5 log
unit higher than the control when enumerated on the
ensuing days, which was maintained during the week-long
cold storage.
Intermittent temperature abuse. Intermittent temperature abuse was defined in this study as repeated occurrence
of brief exposures to nonrefrigerating temperatures of timeand temperature-controlled foods. This is a less obvious but
common form of temperature abuse, as exemplified by the
suboptimally managed defrosting cycles at display cases in
the grocery stores and other fresh-food holding entities. To
assess the effect of the frequent temperature fluctuation on
the survival and proliferation of foodborne bacterial
pathogens, cold-stored (4uC) fresh-cut cantaloupes inoculated with Salmonella and L. monocytogenes were exposed
to two daily temperature shifts to 25 ¡ 2uC for 15 min
(Fig. 3). Salmonella populations steadily increased, reaching 1.95 log units higher than that of the control (4uC, no
temperature shift) at the end of a 7-day storage. The increase
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rinds of cantaloupes and coinoculated with Salmonella and
L. monocytogenes on fresh-cut cantaloupe (Table 1; Figs. 2
and 3). However, the survival and growth of the inoculated
pathogens were not significantly affected by the presence of
the NM under the tested temperature abuse conditions. This
could be due to either the abundance of nutrients available
on the surface of cut cantaloupe or to the total growth at the
tested conditions being limited, which would not be
sufficient for the manifestation of the underlying antagonistic interactions.

FIGURE 3. Growth of S. enterica (top) and L. moncytogenes
(bottom) on fresh-cut cantaloupe affected by temperature fluctuation
in the absence and presence of native microflora (NM). Inoculated
cantaloupe cubes were stored at 4uC (control) or stored at 4uC with
intermittent temperature abuse (IM) of two daily exposures to 25uC
for 30 min. Dashed lines indicate the presence of NM.

was comparable to that for chronic temperature abuses at 8
and 12uC for 7 days. For L. monocytogenes, cell counts on
samples subjected to intermittent temperature abuse increased by 2.38 log units at the end of the week-long
storage, which was comparable to that observed for the
chronic temperature abuse at 8uC. However, this increase
was only 0.36 log unit higher than that without temperature
abuse. The smaller increase of L. monocytogenes cell
populations on fresh-cut cantaloupe subjected to frequent
temperature fluctuation relative to constant storage at 4uC
might be due to its ability of growth at refrigerating
temperature as a psychrotroph.
Effect of NM. Several studies have demonstrated that
the presence of NM significantly reduced the proliferation
of bacterial pathogens on fresh produce (13, 26). At
permissive temperatures, the competition for available
nutrients and production of inhibitory metabolites by the
NM significantly limit the growth of inoculated bacterial
pathogens. In this study, the NM were recovered from the

Effect of temperature abuse on quality of fresh-cut
cantaloupe. Fresh-cut produce quality parameters, such as
appearance, are often perceived as indicators of microbiological quality. However, several studies have shown that,
under temperature abuse conditions, bacterial pathogens
could grow to dangerous levels on fresh products without
causing significant sensory or visual quality deterioration
(15) aversive to consumers. Besides visual inspections by
the researchers, the quality deterioration of the fresh-cut
cantaloupe subjected to various temperature abuses was
assessed by relative tissue electrolyte leakage (Table 2).
Deterioration of appearance during the week-long storage at
4uC was not evident based on visual inspection, but relative
tissue electrolyte leakage increased from 11.8 to 17.4%.
Significantly more evident deterioration in visual quality of
cut cantaloupe was observed by day 4 under all temperature
abuse conditions, accompanied by more significant increase
in relative tissue electrolyte leakage. Chronic temperature
abuses at 12 and 8uC resulted in the most significant
deterioration in cantaloupe quality, in terms of both visual
scores and electrolyte leakage.
Data in this study showed that both Salmonella and L.
monocytogenes were capable of significant growth on freshcut cantaloupe under various temperature abuse conditions.
However, the proliferation of both pathogens were more
significantly impacted by long-term suboptimal refrigeration
(chronic temperature abuse) or frequent temperature fluctuation (intermittent temperature abuse) than short-term
terminal exposure to higher temperatures (acute temperature
abuse). These observations are in agreement with computer
models predicting the growth of these pathogens at low and
elevated temperatures (5, 12, 21, 22).
Current FDA food safety guidelines for time- and
temperature-controlled foods recommend refrigeration at
temperature not exceeding 5uC in supply chain, including
food production, transportation, and retail. It is well
recognized that temperature abuses in the food production–distribution chains can result in serious consequences
to the well-being of consumers and economic health of the
industry. Observations in this study strongly support the
current FDA regulation on storage of time- and temperaturecontrolled foods, including fresh-cut cantaloupes. Household refrigeration is also an integral part of food safety
paradigm. A national survey in 2006 found that in the
United States, only 11% of household refrigerators had
thermometers to monitor temperature and 34% of household
refrigerators operated over the recommended safe setting of
,4uC (40uF) (10). In a small-scale survey in New Zealand,

4uC

A

A

11.79
14.41
17.06
18.48
21.68

¡
¡
¡
¡
¡
0.84
1.79
1.90
1.59
1.03

9
9
8.44 ¡ 0.39
7.83 ¡ 0.66
5.06 ¡ 0.81

8uC

B

A

AB

AB

B

C

B

AB

11.79
15.93
18.28
19.91
24.31

¡
¡
¡
¡
¡
0.84
1.59
2.70
1.49
1.10

9
9
7.94 ¡ 0.85
6.56 ¡ 0.46
1.11 ¡ 0.33

12uC

A

A

A

A

B

D

C

B

12.39
13.68
14.15
18.48
18.65

¡
¡
¡
¡
¡
1.16
0.48
0.85
2.26
0.72

9
9
8.11 ¡ 0.22
7.67 ¡ 0.56
5.72 ¡ 0.97

IM

CD

A

C

B

AB

C

B

B

Storage conditionb:

12.81
13.21
14.58
18.34
19.10

¡
¡
¡
¡
¡

0.21
1.05
1.00
1.95
1.08

9
9
8.48 ¡ 0.48
7.56 ¡ 0.58
7.06 ¡ 0.17

DF

C

AB

C

B

A

B

B

AB

12.39 ¡ 1.16
ND
15.13 ¡ 3.75
ND
17.68 ¡ 0.56

9
ND
7.89 ¡ 0.22
ND
5.94 ¡ 0.73

TA 25uC

DE

BC

AB

C

BC

ND
ND
15.41 ¡ 0.84
ND
17.71 ¡ 0.67

NDc
ND
7.28 ¡ 0.26
ND
5.83 ¡ 0.71

TA 35uC

DE

BC

C

C

Values (means ¡ standard deviations) followed by different letters within a row (same day) for different temperature abuse conditions are significantly different at P ~0.05 according to the least
significant difference test.
b
Storage conditions (from left to right) are as follows: control, 4uC; chronic temperature abuse, 8uC; chronic temperature abuse, 12uC; intermittent (IM) temperature abuse, 4uC with two 15-min
daily exposures to 25uC; delayed refrigeration (DF), 4-h exposure to 25uC before storage at 4uC; terminal acute (TA) temperature abuse, 4uC followed by 4-h exposure to 25uC before sampling;
and TA temperature abuse, 4uC followed by 2-h exposure to 35uC before sampling.
c
ND, not determined.

a

Relative electrolyte leakage (%)
0
11.79 ¡ 0.84 B
1
12.97 ¡ 1.77 B
2
13.79 ¡ 0.53 C
4
16.45 ¡ 0.70 B
7
17.42 ¡ 1.28 E

Visual score (points)
0
9
1
9
2
9A
4
8.67 ¡ 0.50
7
8.06 ¡ 0.17

Storage
(days)

TABLE 2. Quality deterioration of fresh-cut cantaloupe subjected to various temperature abuses a
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13 to 36% of household refrigerators operated above 6uC at
different times of the day (20). Therefore, stronger
enforcement of regulations for preventing temperature abuse
need to be matched with heightened efforts of consumer
education to minimize postproduction proliferation by
foodborne pathogens in time- and temperature-controlled
foods.
ACKNOWLEDGMENTS
The authors thank Dr. Eunhee Park for assistance with statistic
analyses. This research is partially supported by U.S. Department of
Agriculture, National Institute of Food and Agriculture (Specialty Crop
Research Initiative award 2010-51181-21230). J. Huang is a predoctoral
visiting scholar at U.S. Department of Agriculture, Agricultural Research
Service, from Sichuan Agriculture University (Ya’an, China), sponsored by
the Chinese National Scholarship Council (Beijing, China).

REFERENCES
1. Annous, B. A., A. Burke, J. E. Sites, and J. G. Phillips. 2013.
Commercial thermal process for inactivating Salmonella Poona on
surfaces of whole fresh cantaloupes. J. Food Prot. 76:420–428.
2. 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.
3. Centers for Disease Control and Prevention. 2012. Multistate
outbreak of listeriosis linked to whole cantaloupes from Jensen
Farms, Colorado. Available at: http://www.cdc.gov/listeria/outbreaks/
cantaloupes-jensen-farms/082712/. Accessed 30 July 2014.
4. Centers for Disease Control and Prevention. 2012. Multistate
outbreak of Salmonella Typhimurium and Salmonella Newport
infections linked to cantaloupe (final update). Available at: http://
www.cdc.gov/salmonella/typhimurium-cantaloupe-08-12/. Accessed
30 July 2014.
5. Fang, T., Y. Liu, and L. Huang. 2013. Growth kinetics of Listeria
monocytogenes and spoilage microorganisms in fresh-cut cantaloupe.
Food Microbiol. 34:174–181.
6. Gagliardi, J. V., P. D. Millner, G. Lester, and D. Ingram. 2003. Onfarm and postharvest processing sources of bacterial contamination to
melon rinds. J. Food Prot. 66:82–87.
7. Johnston, L. M., L. A. Jaykus, D. Moll, M. C. Martinez, J. Anciso, B.
Mora, and C. L. Moe. 2005. A field study of the microbiological
quality of fresh produce. J. Food Prot. 68:1840–1847.
8. Jol, S., A. Kassianenko, K. Wszol, and J. Oggel. 2006. Issues in time
and temperature abuse of refrigerated foods. Food Saf. Mag. 11:30–32.
9. Kim, H., and A. K. Bhunia. 2008. SEL, a selective enrichment broth
for simultaneous growth of Salmonella enterica, Escherichia coli
O157:H7, and Listeria monocytogenes. Appl. Environ. Microbiol. 74:
4853–4866.
10. Kosa, K. M., S. C. Cates, S. Karns, S. L. Godwin, and D. Chambers.
2007. Consumer home refrigeration practices: results of a web-based
survey. J. Food Prot. 70:1640–1649.
11. Kou, L., T. Yang, L. Luo, X. Liu, L. Huang, and E. Codling. 2014.
Pre-harvest calcium application increases biomass and delays
senescence of broccoli microgreens. Postharvest Biol. Technol. 87:
70–78.
12. Li, D., L. M. Friedrich, M. D. Danyluk, L. J. Harris, and D. W.
Schaffner. 2013. Development and validation of a mathematical model
for growth of pathogens in cut melons. J. Food Prot. 76:953–958.
13. Liao, C. 2007. Inhibition of foodborne pathogens by native
microflora recovered from fresh peeled baby carrot and propagated
in cultures. J. Food Sci. 72:M134–M139.

TEMPERATURE ABUSE

1131

14. Lopez-Velasco, G., A. Sbodio, A. Tomás-Callejas, P. Wei, K. H. Tan,
and T. V. Suslow. 2012. Assessment of root uptake and systemic
vine-transport of Salmonella enterica sv. Typhimurium by melon
(Cucumis melo) during field production. Int. J. Food Microbiol. 158:
65–72.
15. Luo, Y., Q. He, and J. L. McEvoy. 2010. Effect of storage
temperature and duration on the behavior of Escherichia coli
O157:H7 on packaged fresh-cut salad containing romaine and
iceberg lettuce. J. Food Sci. 75:M390–M397.
16. Luo, Y., Q. He, J. L. McEvoy, and W. S. Conway. 2009. Fate of
Escherichia coli O157:H7 in the presence of indigenous microorganisms on commercially packaged baby spinach, as impacted by
storage temperature and time. J. Food Prot. 72:2038–2045.
17. Lynch, M. F., R. V. Tauxe, and C. W. Hedberg. 2009. The growing
burden of foodborne outbreaks due to contaminated fresh produce:
risks and opportunities. Epidemiol. Infect. 137:307–315.
18. McCollum, J. T., A. B. Cronquist, B. J. Silk, K. A. Jackson, K. A.
O’Connor, S. Cosgrove, J. P. Gossack, S. S. Parachini, N. S. Jain, P.
Ettestad, M. Ibraheem, V. Cantu, M. Joshi, T. DuVernoy, N. W.
Fogg, Jr., J. R. Gorny, K. M. Mogen, C. Spires, P. Teitell, L. A.
Joseph, C. L. Tarr, M. Imanishi, K. P. Neil, R. V. Tauxe, and B. E.
Mahon. 2013. Multistate outbreak of listeriosis associated with
cantaloupe. N. Engl. J. Med. 369:944–953.
19. Meilgaard, M., G. V. Civille, and B. T. Carr. 1991. Sensory
evaluation techniques. CRC Press, Boca Raton, FL.
20. MMResearch. 2010. Report: NZFSA national refrigerator temperature survey. Available at: http://www.foodsmart.govt.nz/elibrary/
Refrigerator_Temperature_Survey.pdf. Accessed 30 July 2014.
21. Oscar, T. P. 2009. Predictive model for survival and growth of
Salmonella Typhimurium DT104 on chicken skin during temperature
abuse. J. Food Prot. 72:304–314.
22. Pan, W., and D. W. Schaffner. 2010. Modeling the growth of
Salmonella in cut red round tomatoes as a function of temperature.
J. Food Prot. 73:1502–1505.
23. Parnell, T. L., L. J. Harris, and T. V. Suslow. 2005. Reducing
Salmonella on cantaloupes and honeydew melons using wash
practices applicable to postharvest handling, foodservice, and
consumer preparation. Int. J. Food Microbiol. 99:59–70.
24. Tarver, T. 2009. Biofilms: a threat to food safety. Food Technol.
9:46–52.
25. Ukuku, D. O. 2006. Effect of sanitizing treatments on removal of
bacteria from cantaloupe surface, and re-contamination with
Salmonella. Food Microbiol. 23:289–293.
26. Ukuku, D. O., W. F. Fett, and G. M. Sapers. 2004. Inhibition of
Listeria monocytogenes by native microflora of whole cantaloupe.
Food Saf. 24:129–146.
27. Ukuku, D. O., and G. M. Sapers. 2007. Effect of time before storage
and storage temperature on survival of Salmonella inoculated on
fresh-cut melons. Food Microbiol. 24:288–295.
28. U.S. Food and Drug Administration (FDA). 2009. Program
information manual retail food protection: recommendations for the
temperature control of cut leafy greens during storage and display in
retail food establishments. Available at: http://www.fda.gov/Food/
GuidanceRegulation/RetailFoodProtection/IndustryandRegulatoryas
sistanceandtrainingresources/ucm218750.htm. Accessed March 2015.
29. Vadlamudi, S., T. M. Taylor, C. Blankenburg, and A. Castillo. 2012.
Effect of chemical sanitizers on Salmonella enterica serovar Poona
on the surface of cantaloupe and pathogen contamination of internal
tissues as a function of cutting procedure. J. Food Prot. 75:1766–
1773.
30. Wang, H., H. Feng, W. Liang, Y. Luo, and V. Malyarchuk. 2009.
Effect of surface roughness on retention and removal of Escherichia
coli O157:H7 on surfaces of selected fruits. J. Food Sci. 74:E8–E15.

