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Contamination of Intact Apples after Inmersion in an Aqueous
Environment Containing Escherichia coli O157:H7+t

R. L. BUCHANAN,*i S. G. EDELSON,i R. L. MILLER, AND G. M. SAPERS

U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research Center, 600 East Mermaid Lane,
Wyndmoor, Pennsylvania 19038, USA

MS 98-175: Received 8 July 1998/Accepted 16 October 1998

ABSTRACT

The extent and location of Escherichia coli O157:H7 contamination after intact apples were immersed in cold (2°C) 1%
peptone water containing approximately 3 X 107 CFU/ml was assessed using four apple varieties, Golden Delicious, McIntosh,
Red Delicious, and Braeburn. Room temperature and refrigerated apples were used to determine the effect of temperature
differential on E. coli infiltration. The highest levels of E. coli were associated with the outer core region of the apple, followed
by the skin. Apples were subsequently treated by immersing them for 1 min in 2,000 mg/liter sodium hypochlorite, followed
by a 1-min tapwater rinse. This treatment reduced pathogen levels by 1- to 3-log cycles but did not eliminate the microorganism,
particularly from the outer core region. While E. coli was not detected in the inner core of most apples, warm fruit immersed
in cold peptone water occasionally internalized the pathogen. The frequency and extent of internalization of the pathogen was
less when cold apples were immersed in cold peptone water. Subsequent dye uptake studies with Golden Delicious apples
indicated that approximately 6% of warm apples immersed into a cold dye solution accumulated dye via open channels leading
from the blossom end into the core region. However, dye uptake did not occur when the dye solution was warmer than the

apple.

Unpasteurized apple juice/cider has been associated re-
cently with several outbreaks of hemorrhagic colitis and
hemolytic uremic syndrome (HUS) caused by Escherichia
coli O157:H7 (2, 5, 6). Furthermore, an earlier outbreak of
HUS associated with unpasteurized cider (18) is suspected
of having been caused by enterohemorrhagic E. coli. Un-
pasteurized apple cider has also been implicated in out-
breaks of salmonellosis and cryptosporidiosis (4, 6). Lab-
oratory investigations have demonstrated that E. coli 0157:
H7 can survive for extended periods in refrigerated apple
juice/cider despite the beverage’s acidic pH (10, 12, 19).
The use of preservative compounds such as potassium sor-
bate has been reported in some instances to increase the
rate of acid inactivation, but the activities of these antimi-
crobials do not appear to be sufficient to assure elimination
(12, 19).

The National Advisory Committee on Microbiological
Criteria for Foods has recommended that production of fruit
juices should include treatments capable of producing a cu-
mulative 5-log reduction in the levels of E. coli 0157:H7
(13). Thermal pasteurization of apple juice/cider can
achieve this reduction readily (17). While there are other
potential means of reducing the levels of enteric pathogens
in or on foods, there are few available data specific to ap-
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ples (14). This includes a lack of information on sources
of contamination, location of the contamination on the fruit,
the effectiveness of sanitizing agents, and the impact of
processing steps for production of juices and ciders on lev-
els of pathogenic microorganisms.

One of the keys to the selection of appropriate inter-
vention steps for reducing bacterial levels is whether the
bacteria of concern are restricted to the surface of the fruit.
Internalization of pathogens would greatly reduce the ef-
fectiveness of surface treatments. The purpose of the cur-
rent study was to characterize the extent and location of
contamination when intact apples were exposed to an aque-
ous environment contaminated heavily with E. coli O157:
H7, as might occur in dump tanks or flume water that were
not hygienically maintained (8). Factors examined included
apple variety; temperature differentials between apples and
the aqueous environment, and the effectiveness of a post-
exposure chlorinated water rinse.

MATERIALS AND METHODS

Microorganism. Escherichia coli O157:H7 SEA13B88,
which was isolated from unpasteurized apple juice associated with
a 1996 outbreak of hemorrhagic colitis and HUS (5) was used
throughout the study. The strain was obtained from the U.S. Food
and Drug Administration. The organism was transferred bimonth-
ly to fresh tryptic soy broth (TSB; Difco, Detroit, Mich.), incu-
bated for 24 h at 37°C, and then stored at 2°C.

Inoculum. Four 250-ml Erlenmeyer flasks containing 50 ml
of TSB with 1% dextrose (TSB supplemented with an additional
7.5 g dextrose/liter) was inoculated with 0.1 ml of the starter cul-
ture. The flasks were incubated without agitation at 37°C for 18
h. When grown in this acidogenic medium, E. coli O157:H7 cul-
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FIGURE 1. Regions of apples examined for the presence of E.
coli O157:H7. 1, Skin; 2, outer core; 3, inner core; 4, pulp.

tures reach a final pH of approximately 4.6, yielding cells that
were fully induced to pH-dependent, stationary-phase acid resis-
tance (3).

Uptake of E. coli O157:H7. Twelve apples of the appropri-
ate variety were purchased at a local retail market the day prior
to a trial. Golden Delicious apples were unwaxed, while the other
varieties had been waxed at the packing house. Six of the apples
and four 3-liter beakers containing 1.5 liters of sterile 1% peptone
were pre-equilibrated for approximately 24 to 48 h to 2°C. The
remaining six apples were kept at room temperature (22°C). A
2,000-mg/liter sodium hypochlorite solution was prepared by add-
ing 38.1 ml of commercial bleach (5.25% sodium hypochlorite)
to 961.9 ml of deionized water.

The prechilled 3-liter beakers were placed in ice-water baths
and inoculated by adding one of the 50-ml starter cultures to each
beaker. Three apples of either the refrigerated or room temperature
sets were totally submerged in the contents of one of the beakers
and allowed to stand with periodic gentle agitation for 20 min.
The apples were then air dried under a biological hood (class IIA)
for 30 min. A set of three apples of each temperature group was
then surface sanitized by immersion in 1.0 liter of a 2,000-mg/
liter sodium hypochlorite solution (22°C) for 1 min, followed by
draining, immersion in 1.0 liter of tap water (22°C) for 1 min, and
air drying.

Using a sanitized apple coring knife and cutting board, each
apple was sectioned, producing a core and eight wedge-shaped
segments (Fig. 1). Knives and cutting boards were sanitized by
washing with brushing in an alkaline detergent, rinsing with tap
water, soaking in a 2,000-mg/liter sodium hypochlorite solution
for 1 min, rinsing with tap water, and air drying. Using a sanitized
knife, approximately 1.5 cm was cut off from each end of the
core. These segments were combined and designated as the outer
core region. The remaining core segment was designated as the
inner core. Using a second sanitized knife, the skin was separated
from the body of the apple (i.e., pulp) to a depth of approximately
5 mm. Each apple portion (outer core, inner core, skin, and pulp)
was placed in individual stomacher bags with filters (model 400,
Seward, London, UK). The outer core and the inner core were
diluted with sterile Butterfield’s buffer using Diluflo diluent dis-
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penser (model 800, Spiral Biotech, Bethesda, Md.) to obtain a
10-! dilution. The outer core, inner core, and pulp samples were
homogenized in a stomacher (model 400, Tekmar Co., Cincinnati,
Ohio) for 1.5 min. The skin was homogenized for 3.0 min. Sam-
ples of the expressed liquid (5-10 ml) were transferred to sterile
test tubes. After diluting as needed with sterile 1% peptone water,
samples were surfaced plated onto duplicate MacConkey agar
plates using the spiral plater (model 3000, Spiral Biotech). All
plates were incubated at 37°C for 18 to 24 h and then enumerated
using an automatic plate counter (Spiral Biotech).

Uninoculated control samples were handled in an identical
manner except that no starter culture was added to the 1.5 liters
of peptone water into which the apples were immersed.

Dye uptake. Two cases (113 apples each) of unwaxed Gold-
en Delicious apples were obtained from a commercial supplier.
One case was prechilled to 4°C, and the other was maintained at
room temperature (21°C). Two 7-liter solutions of 0.1% red food
dye no. 40 (FD&C red no. 40) were prepared; one prechilled to
9°C and the other kept at room temperature.

At the initiation of the trials, the 7 liters of dye solution was
divided into two 3.5-liter portions and transferred to plastic tubs.
For the trial where warm apples were immersed in cold dye so-
lution, the plastic tubs containing the dye solution were held in
ice-water baths. This maintained the temperature of the dye so-
lution at 9 * 1°C during immersion. For the trial with room tem-
perature dye solutions, the’ temperature of the solution decreased
to approximately 17 to 20°C as a result of the introduction of the
cold apples and was re-equilibrated to room temperature between
sets of apples.

The apples were immersed in the dye for 30 min in groups
of 15 apples. The apples were continually dunked and agitated
during the immersion period. After removal from the dye solution,
the apples were rinsed under tap water and then dried with ab-
sorbent paper. A cotton swab was used to remove gently any water
or dye solution retained in the blossom end cavity. The tap-water
rinse was effective in removing excess dye from the stem end.

Each apple was then examined individually for uptake of dye
into the skin. The apple was then cut in half starting at the blos-
som end and the core region examined for dye uptake. The re-
sponses were qualitatively divided into three classes: no, slight to
moderate, or extensive uptake.

Statistical analyses. Means and standard deviations were de-
termined using commercial spreadsheet software (Lotus 123, re-
lease 5.0, Lotus Development Corp.).

RESULTS

Uptake of E. coli O157:H7. Preliminary studies in-
dicated that apples immersed in sterile peptone were un-
likely to harbor E. coli (data not shown). Only in one in-
stance was a single colony of a presumptive coliform ob-
served. Accordingly, any E. coli detected in the inoculated
samples were assumed to be the result of E. coli O157:H7
uptake or attachment.

The extent and location of E. coli O157:H7 contami-
nation after immersion in an aqueous environment contain-
ing high populations of the pathogen were evaluated using
Golden Delicious (Table 1), McIntosh (Table 2), Red De-
licious (Table 3), and Braeburn (Table 4) apples. While dif-
ferences among the four varieties were noted, the general
trends were similar. The greatest extent of contamination
on a per gram basis was consistently associated with the
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TABLE 5. Effect of temperature differential between apples and water on the uptake of aqueous dye into the inner core region

Percent dye uptake by apples

Temperature differential None Slight to moderate Substantial
Warm apple/cold water 84.1 9.7 6.2
(95 of 113) (11 of 113) (7 of 113)
Cold apple/warm water 100 0 0
(113 of 113) (0 of 113) (0 of 113)

outer core region. The extent of contamination with apples
that were immersed and dried without subsequent rinse
steps was similar among the varieties—approximately 10°
CFU/g. Sequentially rinsing the apples for 1 min with chlo-
rinated water (2,000 mg/liter sodium hypochlorite) and then
with tap water produced an average reduction in the extent
of outer core contamination of 1- to 2-log cycles. However,
some apples continued to harbor high populations of con-
tamination despite the rinses. The levels of contamination
retained after rinsing tended to be somewhat greater for
three of the four varieties when warm apples were im-
mersed in the cold peptone water.

The next greatest extent of contamination was associ-
ated with the skin (peel) of the apple. With the exception
of the McIntosh apples, the levels were approximately 104
CFU/g. Rinsing the apples with chlorinated water produced
a 1- to 3-log decline in E. coli levels, depending on the
variety. Substantially fewer E. coli O157:H7 were detected
on the skin of Mclntosh apples, despite the fact that the
extent of contamination of this variety’s outer core was sim-
ilar to the other varieties. No temperature effects were ap-
parent.

The extent of contamination was lowest in the pulp.
These low levels were virtually eliminated when the apples
were rinsed, indicating that the somewhat higher levels in
the unrinsed apples were caused by bacteria on the skin
being driven into the interior when the apples were sec-
tioned. The levels of E. coli in the inner core region were
generally low and reduced further by rinsing. Again, this
suggests that most of the E. coli O157:H7 associated with
this section were translocated from the surface during cut-
ting. However, a few inner core samples retained somewhat
elevated E. coli levels despite the chlorinated rinse. This
was restricted largely to apples that had been warm prior
to immersion. This suggests that there may have been dif-
ferences in the accessibility of E. coli to the inner core
among individual apples, and that accessibility was en-
hanced when there was a positive temperature differential,
i.e., the temperature of the apple was higher than the tem-
perature of the cell suspension.

Dye uptake. The effect of temperature differentials be-
tween apples and the aqueous environment into which they
are immersed was evaluated further by examining the up-
take of FD&C red dye no. 40 by unwaxed Golden Deli-
cious apples (Table 5). In the first instance, cold (4°C) ap-
ples were plunged into a warm (21°C) solution. Second,
warm apples (22°C) were immersed in a cold (9°C) dye
solution. No uptake of the dye into the inner core region

was observed when cold apples were immersed in warm
water. However, when warm apples were submerged in cold
water, approximately 6% of the apples had substantial ac-
cumulation of the dye in the inner core region (Fig. 2). An
additional 10% of the apples had small to moderate accu-
mulation of the dye. In all cases, the dye entered through
the blossom end of the apple. The apples displaying sub-
stantial dye uptake had easily discernable open channels
into the core region. Some uptake of the dye was also ob-
served through the skin, particularly in regions where the
apple had been bruised or the skin punctured.

DISCUSSION

The immersion of apples in water is a common practice
in the handling, cleaning, and processing of apples. Apples
are often transported via flume systems and immersed for
the removal of leaves and other debris. Typically, such wa-
ter is chlorinated or otherwise treated. No published data
appear to be available on the chlorine levels, temperatures,
or organic loads that would likely be encountered in water
used in apple handling, particularly in the initial dump
tanks where contamination associated with the apple would
tend to be greatest. Information is also unavailable on im-
mersion times typical for cider production or apple-packing
facilities. Goverd et al. (8) identified flume water was a
potential source of coliforms, E. coli, and Salmonella spp.
contamination or cross contamination during cider produc-
tion. However, their study did not specify which, if any, of
the facilities examined treated their flume water with anti-
microbials.

The results of the current study indicate that if chlo-
rination of water into which apples are immersed is insuf-
ficient to prevent cross contamination, then uncontaminated
apples can be expected to take up E. coli O157:H7. The
uptake of E. coli O157:H7 is not uniform; the site of great-
est contamination was consistently the outer core region.
While the E. coli O157:H7 uptake study did not differen-
tiate between the stem and blossom regions, observations
made during the dye uptake studies clearly indicated that
the blossom end is the area of greatest concern. Concentra-
tion of pathogen cells in this region of the apple has serious
implications in relation to the efficacy of sanitization treat-
ments. Once this cavity filled with fluid, it became difficult
to displace the fluid by rinsing, even when the blossom end
of the apple was placed directly under a tap-water stream.
This is also reflected in the presence of high levels of E.
coli O157:H7 in the outer core in some apples after the
rinse protocol (Tables 1 through 4).
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FIGURE 2. Examples of apples that did and did not take up RD&C red dye no. 40 when warm apples were immersed in a cold solution.

The importance of the apple’s blossom end is further
increased by the presence of open channels into the inner
core region in a portion of the apples (Table 5). The inci-
dence of such channels varies with apple variety and is also
affected by how long the apple is held in storage (16). The
results clearly indicate that the potential for aspirating E.
coli O157:H7 cells into the interior of the apple is increased
by a temperature differential where the apple is warmer
than the water into which it is immersed. Conversely, the
immersion of cold apples into warmer water appears to pre-
vent the infiltration of material into the core region. The
infiltration of bacteria into the interior of foods due to the
pressure differential produced during cooling has been well
established for the handling of eggs (9) and tomatoes (I,
20).

Treatment of the apples with 2,000 mg/liter sodium hy-
pochlorite for 1 min reduced but did not totally eliminate
E. coli O157:H7 on the skin of apples. The treatments were
less effective for bacteria localized in the outer core region.
Surface sanitization also produced a substantial decline in
the levels of E. coli O157:H7 isolated from the inner core
and pulp samples. However, in this instance it is more likely
that the decrease is due to the elimination of bacteria on
the surface of the apple, which were driven into the pulp
and inner core region when the fruit was sectioned. Similar
observations have been made with the transfer of salmo-
nellae into tomatoes (7, 11).

As indicated above, the factors affecting the extent and
location of E. coli O157:H7 uptake by apples are similar

to those affecting the uptake of salmonellae by tomatoes.
Rushing et al. (15) identified the maintenance of dump tank
water quality as one of the three critical control points in
tomato packing houses. They recommended that the free
chlorine levels be monitored and the water buffered to in-
sure appropriate activity and the water temperature ther-
mostatically maintained at 40°C to prevent infiltration and
to enhance the biocidal activity of the chlorine. Overall, the
current results suggest that immersion of apples into aque-
ous environments, particularly the dump tank, could play
an important role as a potential source for contaminants.
Conversely, through the use of surface sanitizers and tem-
perature control to prevent infiltration, the dump tank may
be a means of reducing the risks associated with production
of unpasteurized juice/cider. However, it is important to
note that some E. coli O157:H7 remained on inoculated
apples, even when the temperature differential was unfa-
vorable to infiltration and a 2,000-mg/liter sodium hypo-
chlorite rinse was used. Additional research is needed to
determine the effectiveness of these interventions under
commercial conditions, to identify the optimal chlorine lev-
els for sanitizing the surface of apples and preventing cross
contamination, and to determine the optimal water temper-
atures for preventing infiltration. While these steps are not
likely to eliminate E. coli O157:H7 contamination, they are
likely to be important components of any integrated ap-
proach for reducing the risks associated of presence of
pathogenic microorganisms in unpasteurized apple juice/ci-
der.
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