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Strawberries (Fragaria xananassa) harvested at or near full ripe maturity for superior eating quality may be more
susceptible to pathogen proliferation due to bruising. Little is known about pathogen behavior on strawberries. The
objective of this study was to determine the fate of Escherichia coli O157:H7 and Salmonella on bruised and intact
surfaces of freshly harvested strawberries of full and three-quarter red maturity. A five strain cocktail (7 log CFU/mL)
of rifampicin resistant Escherichia coli O157:H7 or Salmonella was spot inoculated onto bruised and intact surfaces
of strawberries and incubated at 2 °C and 15.5 °C for 24 hours and 7 days, respectively. Pathogens were enumerated
on nonselective and selective media. Significant differences in pathogen decline was not found between full red and
three-quarter red strawberries or between bruised and intact treatments at each time point. At 2 °C, E. coli O157:H7
and Salmonella populations declined by 0.9-1.1 log CFU/berry over 24 hours. Population declines of 1.4-2.4 log CFU/
berry were observed for both pathogens when held over 7 days at 15.5 °C. Strawberry surfaces did not support growth
of E. coli O157:H7 or Salmonella, regardless of maturity or bruising.

Strawberry (Fragaria xXananassa) is a major crop with four
to five millions in tons of production worldwide (USDA, 2010).
The U.S. leads the world in strawberry production, with produc-
tion values in 2011 estimated at U.S. $2.4 billion (USDA, 2010).
Strawberry consumption in the U.S. has grown favorably over the
last two decades, and is one of the top five fruits most consumed
(USDA, 2011).

Strawberries are often consumed in a raw, unprocessed form
(USDA, 2011), thus no thermal treatment is involved before
consumption to kill pathogens if contaminated. Outbreaks im-
plicating strawberries have resulted in over 300 illnesses and
one death, and pathogens involved in outbreaks include parasites
(Cyclospora cayetanensis), viruses (Heptatitis A and norovirus),
and bacteria (Escherichia coli O157:H7 and Salmonella) (CDC,
2011;FDA, 2011). These outbreaks indicate that strawberries are
suitable substrates for foodborne pathogens to survive and their
consumption may cause infection.

Strawberries are classified as a non-climacteric fruit; berries
allowed to fully ripen on the parent plant have the highest qual-
ity in terms of organoleptic properties. However, strawberry
firmness is known to decrease extensively during ripening, and
degree of firmness typically correlates with the maturity stage
of the strawberry (Nunes et al., 2006). Postharvest losses due to
strawberry bruising are amajor concern (Ferreiraetal.,2009), and
bruising may also have adverse effects associated with pathogen
proliferation. The fate of E. coli O157:H7 and Salmonella spp. on
bruised surfaces of strawberries has not yet been established. The
objective of the current study was to determine the fate of E. coli
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O157:H7 and Salmonella spp. on bruised and intact surfaces of
strawberries at three-quarter red and full red maturity stages and
at two temperatures, shipping (2 °C) and retail display (15.5 °C).

Materials and Methods

Escherichia coli O157:H7 strains and Salmonella serovars
were obtained from the culture collection of Dr. Michelle Danyluk
(University of Florida, Citrus Research and Education Center).
Five E. coli O157:H7 strains were used, which were originally
isolated from outbreaks involving juice, spinach, cantaloupe,
lettuce, and alfalfa sprout. Five Salmonella serovars were used,
including Agona, Poona, Montevideo, Newport, and Saint Paul.
All strains were rifampicin resistant (80 pg/mL). Individual
strains were streaked onto tryptic soy agar plates supplemented
with rifampicin (TSAR; 80 pg/mL) and incubated overnight at 35
+ 2 °C. Isolated colonies were transferred into tryptic soy broth
supplemented with rifampicin (TSBR; 80 pg/mL) for overnight
incubation at 35 + 2 °C. Two subsequent 24-h transfers were
made into fresh TSBR. After harvesting and suspending cells in
peptone water, equal volumes of each strain were combined to
make either E. coli O157:H7 or Salmonella spp. cocktails.

Strawberries were freshly harvested from Dover, FL, sorted
into two maturities stages (full and three-quarter red), and used
the same day. To bruise the strawberry, a 32.6-g steel ball was
dropped through a 20-cm PVC pipe, directly impacting the berry.
Careful consideration was taken to bruise the strawberry without
rupturing the epidermal surface. Twenty microliters of inoculum
were used to inoculate bruised and intact surfaces. After 1 h dry-
ing, strawberries were transferred to whirl-pak bags and stored
at2+2°Cand 15.5+2°C.

Samples stored at 2 +2 °C and 15.5 + 2 °C were enumerated
attime 0,2, 5, and 24 hand on day 0, 1, 3, and 7, respectively. To
enumerate, whirl-pak bags were filled with 30 mL of phosphate
buffered saline (PBS; pH 7.2) and homogenized in a stomacher
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(BAGMIXER® 400, Interscience Laboratories Inc., Weymouth,
MA,; 8 strokes/s) for 2 min. Appropriate serial dilutions were
made in peptone water and spread plated on nonselective (TSAR)
and selective media (E. coli O157:H7: Sorbitol MacConkey agar
supplemented with rifampicin [SMACR; 80 ug/mL]; Salmonella:
bismuth sulfite agar supplemented with rifampicin [BSAR: 80
ug/mL]). Nonselective and selective media were incubated at 35
+ °C for 24 and 48 h, respectively.

Two experiments were conducted with triplicate samples
(n=06). Data were statistically analyzed using analysis of variance
(ANOVA; JMP, software version 9.0.2; SAS Institute Inc., Cary,
NC) to determine differences over time and among treatments. If
differences were present, Tukey’s Honest Significant Difference
(HSD) test was performed to see which means were different.
Differences were considered significant at P < 0.05.

Results and Discussion

Similar decreases were observed for E. coli O157:H7 and
Salmonella populations, under all conditions, when held 24 h at
2 °C. Both E. coli O157:H7 and Salmonella had significant (P <
0.05) declines in populations of 0.9-1.1 log CFU/berry — except
for the three-quarter bruised samples; where Salmonella popula-
tions remained stable over 24 h. Our data are in accordance with
previous research conducted on pathogen fate on the surface
of whole strawberries, where E. coli O157:H7 and Salmonella
populations declined under refrigerated storage (5 °C) over 7 d
(Knudsen et al., 2001).

Populations of E. coli O157:H7 and Salmonella on bruised
and intact strawberries held at 15.5 + 2 °C significantly declined
(P <0.05) by 1.5-1.8 log CFU/berry and 1.4-2.4 log CFU/berry,
respectively, under all conditions, over 7 d of storage. Similar
findings have been reported for pineapples, which are also con-
sidered a high acid fruit (pH < 4.0), where E. coli O157:H7 and
Salmonella populations declined by 1.4 and 3.3 log CFU/g on
fresh-cut surfaces (Strawn and Danyluk, 2010).

There were no significant (P = 0.05) differences in E. coli
O157:H7 and Salmonella population declines between full and
three-quarter red strawberries and between bruised and intact
samples within treatments, at each time point, when held at 2
+2 °C and 15.5 = 2 °C—except for Salmonella populations on
day 3 when held at 15.5 °C, where three-quarter intact samples
had significantly (P =< 0.05) lower populations than on full red
bruised samples. Strawberry firmness decreases as ripening pro-
gresses, however, firmness remains relatively unchanged from
the three-quarter to the full red stage (Menager et al., 2004).
No differences in population dynamics for both pathogens were
expected between full and three-quarter samples, regardless of
bruising. Although we saw some differences with Salmonella
populations when held at 15.5 °C, these differences were not
found throughout all experiments; these differences may be at-
tributed to differences in strawberry to strawberry characteristics
(e.g., surface characteristics and degree of firmness). Bruising
that results in exposure of produce tissue has been documented to
better support survival and sometimes growth of E. coli O157:H7,
Salmonella, and Listeria monocytogenes (Dingman, 2000; Huff
etal.,2012; Wei et al., 1995); however, no differences (P = 0.05)
were found between bruised and intact strawberries in our study.
This difference in results from previous studies is likely due to
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strawberry epidermal surfaces not rupturing during bruising of
the strawberry.

The intact surface of fresh produce is an adverse environment
for foodborne pathogens to proliferate, likely due to the lack of
nutrients and moisture (Rodriguez-Romo and Yousef, 2006).
Escherichia coli O157:H7 and Salmonella did not proliferate on
strawberry surfaces, regardless of bruising; however, pathogen
fate may be different if strawberries are bruised to a level that
releases strawberry exudates thus should be investigated. No
significant differences (P = 0.05) in pathogen dynamics on full
or three-quarter red strawberries were observed; the current
practice of harvesting strawberries with three-quarter red color
can be amended to harvesting strawberries with full red color, to
ensure maximum quality and flavor, and if bruising occurs, no
additional food safety risks are imposed.
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