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Scope

An important consideration when addressing safety issues is
the incidence of pathogens and outbreaks associated with partic-
ular food products. This chapter addresses outbreaks that have
been associated with the consumption of fresh and fresh-cut pro-
duce. In addition, studies that investigate the incidence of patho-
gens and factors contributing to the survival and growth of patho-
gens are reviewed. Although they may not be exhaustive, the ta-
bles at the end of the chapter include highlights of incidence stud-
ies from industry and published literature sources (Tables 11-17),
outbreaks (Tables O1-O10), and growth/survival studies related to
fresh produce (Tables G/S1 to G/S8).

1. Foodborne pathogens associated with fresh produce

The minimum processing required for fresh and fresh-cut pro-
duce, which omits any effective microbial elimination step, results
in food products that naturally would carry microorganisms,
some of which may be potentially hazardous to human health.
When investigating possible control methods, a vital step is to ex-
amine the nature of the human pathogenic microorganisms
present in produce throughout the production process. However,
incidence studies are time-consuming and expensive. For this rea-
son, sample sizes are often too small to be of statistical relevance,
especially if the probability of detection is low. Most researchers
do not collect sufficient information regarding the source of the
sample other than perhaps the country of origin or sample loca-
tion (for example, retail outlets, farmers’ markets). There has been
little consistency in sample collection, treatment, laboratory test
methods, or data analysis. Controls are often missing and tech-
niques for isolating pathogens from produce items are often not
optimized. In many cases, identification of the pathogen has not
been verified. Most published articles stress the detection of
pathogens in incidence surveys; negative data may not be report-
ed or their significance is minimized. However, these negative
data are important in evaluating the risks associated with con-
sumption of fresh fruits and vegetables and should be considered
in risk assessments. Table IlI-1 outlines some of the factors that
should be considered when designing a study to determine the
frequency of isolation of pathogens from produce.

Because of the extremely large number of variables that might
influence contamination of raw fruits or vegetables, it is difficult to
design well-controlled experiments that would address risk factors
for contamination. While incidence studies can provide a snap-

shot assessment of contamination at a particular location on a
particular produce item at a particular time of year, they rarely
provide information on the source of contamination. For these
reasons, caution must be used when interpreting data from these
types of studies, and overly broad conclusions should be avoid-
ed. Nevertheless, numerous pathogenic microorganisms have
been isolated from a wide variety of fresh fruits and vegetables,
sometimes at relatively high frequencies (Table 11-17). Not all of
the microorganisms listed in these tables have been linked to pro-
duce-associated illnesses. Under the right conditions, however, all
of these microorganisms have the potential to cause produce-as-
sociated illness. Isolation rates are not consistent. Percentage of
samples contaminated ranges from 0 to greater than 50%, de-
pending upon the target pathogen and produce item. Data pro-

Table Ill-1—Considerations when examining raw fruits and
vegetables for the presence and populations of pathogenic
microorganisms

Procedure for sampling

Location of source (field, packing shed, processing plant, retail
location, food service, home)

Number and size of samples

Distribution of samples in test lot

Protection of samples for transport to laboratory

Handling samples between collection and analysis

Protection against cross-contamination

Temperature between selection and analysis of sample

Time between selection and analysis of samples

Processing samples

Weight or number of pieces to represent samples

Area or portion to be tested (whole piece, skin only, diced, cut)

Selection of wash fluid or diluent

Ratio of produce to wash fluid or diluent

Temperature of produce and wash fluid or diluent

Soaked or not soaked before processing

Type of processing (washing, rubbing, stomaching, homogenizing,
macerating, blending)

Time of processing

Culturing techniques

Enrichment and/or direct plating

Composition and volume of enrichment broth

Composition of direct plating medium

Pour-plate or surface plate

Incubation temperature and time

Confirmation procedures
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vided by Wells and Butterfield (1997) indicate that Salmonella is
more readily isolated from decaying fruits and vegetables. Wheth-
er this applies to other pathogens is not known.

2. Outbreaks of foodborne illness associated with the
consumption of raw fruits and vegetables

The number of foodborne illness outbreaks linked to fresh pro-
duce and reported to the United States Centers for Disease Con-
trol and Prevention (CDC) has increased in the last years (Bean
and Griffin 1990; CDC 1990; CDC 2000). Some of this increase is
due to improved surveillance, but other factors may also come
into play. A number of reasons have been proposed for this in-
creased association of foodborne illness with fresh produce.
Since the early 1970s, a significant increase in the consumption
of fresh produce has been observed in the United States, presum-
ably due, in part, to active promotion of fruits and vegetables as
an important part of a healthy diet. From 1982 to 1997, per capita
consumption of fresh fruits and vegetables increased from 91.6 to
121.1 kg, an increase of 32% (Table 1lI-2). If contamination levels
were consistent, increased consumption of these foods should be
expected to lead to greater numbers of illnesses over this time.
During this same period, there has been a trend toward greater
consumption of foods not prepared in the home and an increase in
the popularity of salad bars (buffets). Greater volumes of intact and
chopped, sliced or prepared fruits and vegetables are being
shipped from central locations and distributed over much larger
geographical areas to many more people (see Chapter I). This, cou-
pled with increased global trade, potentially increases human ex-
posure to a wide variety of foodborne pathogens and also increas-
es the chances that an outbreak will be detected. Reasons for in-
creases in foodborne illness in the summertime are not fully under-
stood, although abusive temperatures and a higher consumption of
fresh produce during the summer months are likely to play a role.

The perishability of produce and a complex distribution system
have made it difficult to effectively investigate many produce-relat-
ed outbreaks. Traceback has been particularly difficult because of
the complexity of the distribution system and the practice of co-
mingling produce in packing houses. Epidemiological investiga-
tions often take weeks before detecting a link between reported ill-
nesses and a produce item. As a result, there is little or no product
available for testing. However, improvements in outbreak investi-
gations and pathogen detection methods have contributed to an
increase in documentation of produce-borne illnesses.

Foodborne illness resulting from the consumption of any food
is dependent upon a number of factors. The produce must first be
contaminated with a pathogen and the pathogen must survive un-
til the time of consumption at levels sufficient to cause illness. The
infective dose (minimum numbers of organisms necessary to
cause illness) is very low in many cases (Table I11-3), which means
that the microorganism needs only to contaminate the food to sur-
vive without reproducing. For example, pathogenic parasites and
viruses are unable to multiply outside of a human or animal host
and only need to survive in sufficient numbers to cause illness.

In other cases, however, multiplication of the pathogen is also
essential. Some microorganisms cause illness only when ingested
in high numbers (for example, Clostridium perfringens), while in
other cases, the infectious dose is thought to be dependent upon
the susceptibility of the individual (most infectious agents). IlIness
due to Staphylococcus aureus, Bacillus cereus, or Clostridium
botulinum is a result of the production of toxins in the food, and it
is the toxins that are responsible (sometimes in the absence of via-
ble cells) for symptoms of the disease. These toxins are only pro-
duced by multiplying cells. This requires favorable growth condi-
tions. In summary, while enhancing the likelihood of illness, tem-
perature abuse and multiplication of pathogenic bacteria is not al-

Table 1lI-2—Per capita (kg) consumption of raw fruits and
vegetables in the U.S. Source: Fruit and Tree Nut Situation
and Outlook Report (USDA 1999)

Year Fruits Vegetables
1982 38.7 52.9
1983 41.0 50.9
1984 40.2 55.8
1985 39.3 57.5
1986 421 57.0
1987 441 60.1
1988 441 61.5
1989 43.7 64.7
1990 41.6 60.9
1991 40.7 60.9
1992 44.5 64.2
1993 45.3 66.4
1994 45.6 69.6
1995 44.4 67.7
1996 44.8 70.8
1997 46.7 74.4

ways necessary for foodborne illness to occur. Although raw pro-
duce is often spoiled by other microorganisms prior to detection
of toxin, one should not rely on this fact to prevent the develop-
ment of disease (for example, botulism).

A wide variety of bacteria, viruses, and parasites have been
linked to outbreaks of illness associated with fresh produce (Table
O1 to O10). Although these microorganisms are physiologically
diverse, they share some common features (Table 11I-3). Food-
borne pathogens that are frequently associated with fresh pro-
duce originate, for the most part, from enteric environments—that
is, they are found in the intestinal tract and fecal material of hu-
mans or animals. Exceptions include C. botulinum, which is usu-
ally isolated from soils, water and decaying plant or animal mate-
rial, and Listeria monocytogenes, which can be readily isolated
from human and animal feces, as well as from many other envi-
ronments including soil, agricultural irrigation sources, decaying
plant residue on equipment or bins, cull piles, packing sheds and
food processing facilities.

Produce can become contaminated with microbial pathogens
by a wide variety of mechanisms. Contamination leading to food-
borne illness has occurred during production, harvest, process-
ing, and transporting, as well as in retail and foodservice estab-
lishments and in the home kitchen (Table 11l-4). Contamination at
any point in the food handling chain can be exacerbated by im-
proper handling and storage of produce prior to consumption
(Table 10). The point of contamination is important because con-
trol measures will be most effective if geared towards reducing
contamination at the source. For example, Good Agricultural
Practices will not prevent illness due to postharvest cross-contam-
ination at any point, including foodservice environments or in the
home (Table 9).

Contamination of raw fruits and vegetables with pathogenic or-
ganisms of human health significance can occur directly or indi-
rectly via animals or insects, soil, water, dirty equipment, and hu-
man handling. For example, fruit flies have been shown to transfer
Escherichia coli O157:H7 to damaged apples under laboratory
conditions (Janisiewicz and others 1999). This may have implica-
tions during harvesting and in packing sheds or processing facili-
ties, where damaged produce is inevitable and flies may be diffi-
cult to control. Humans and animals can shed foodborne patho-
gens in the absence of signs of illness. While domestic animals
may be separated from fruit and vegetable growing operations,
wild animals and birds can only be controlled to a limited extent.
Human hygiene, including hand washing all along the food
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Table IlI-3—Characteristics of some microbial pathogens that have been linked to outbreaks of produce-associated illness

Typical
Incubation
Period

Microorganism Symptoms

Infectious dose

(Number of cells) Source

Bacteria

Clostridium botulinum 12 to 36 hours

Nausea, vomiting, fatigue, dizziness, dryness
of mouth and throat, muscle paralysis, difficulty
swallowing, double or blurred vision, drooping

soil, lakes, streams,
decaying vegetation,
reptiles

intoxication
growth and toxin
production in food

eyelids, and breathing difficulties

Escherichia coli O157:H7 2 to 5 days

Salmonella spp. 18 to 72 hours

vomiting

Bloody diarrhea, abdominal pain. Can lead to
hemolytic uremic syndrome and kidney failure
especially in children and the elderly

Abdominal pain, diarrhea, chills, fever, nausea,

10 to 1000 animal feces, especially
cattle, deer and human;
cross contamination from

raw meat

10 to 100,000 animal and human feces;
cross contamination from

raw meat, poultry, or eggs

Shigella spp. 1 to 3 days Abdominal pain, diarrhea, fever, vomiting About 10 human feces
Listeria monocytogenes 1dayto5 Febrile gastroenteritis in healthy adults; may unknown, soil, food processing
or more weeks lead to spontaneous abortion or stillbirth in dependent environments
pregnant women; severe septicemia and uponhealth
meningitis in neonates and immunocompromised  of individual
adults; mortality may be 20 to 40%
Parasites
Cryptosporidium spp. 1to 12 days Profuse watery diarrhea, abdominal pain,
anorexia, vomiting About 30 Animal and human feces
Cyclospora spp. 1to 11 days  Watery diarrhea, nausea, anorexia, abdominal unknown, others? specific environ
cramps (duration 7 to 40 days) probably low mental sources unknown
at this time
Viruses
Hepatitis A 25 to 30 days Fever, malaise, anorexia, nausea, abdominal
pain, jaundice, dark urine 10 to 50 human feces and urine
Norwalk/Norwalk-like virus12 to 48 hours Vomiting diarrhea, malaise, fever, nausea, unknown, human feces, vomitus
abdominal cramps probably low

chain, is critical in reducing or eliminating contamination with fe-
cal pathogens.

3. Survival and multiplication of pathogens on raw
produce

The survival and/or growth of pathogens on fresh produce is in-
fluenced by the organism, produce item, and environmental con-
ditions in the field and thereafter, including storage conditions. In
general, pathogens will survive but not grow on the uninjured
outer surface of fresh fruits or vegetables, due in part to the pro-
tective character of the plant’s natural barriers (for example, cell
walls and wax layers). In some cases pathogen levels will decline
on the outer surface.

In the field, the physical environment of leaf surfaces is consid-
ered to be inhospitable for the growth and survival of bacteria (for
example, lack of nutrients and free moisture, temperature and hu-
midity fluctuations, and ultraviolet light) (Dickinson 1986). Envi-
ronmental conditions, however, can greatly influence bacterial
populations; the presence of free moisture on leaves from precipi-
tation, dew, or irrigation may promote survival and growth of bac-
terial populations (Blakeman 1981; Andrews 1992; Beattie and
Lindow 1995, 1999). Certain conditions, such as sunlight, partic-
ularly the shorter ultraviolet wavelengths, can damage bacterial
cells (Webb 1976; Jagger 1981; Sundin and others 1996; Sundin
and Jacobs 1999). Consequently, nature may select for bacteria
with adaptations to these stressful conditions. Although most of
the body of research has been done with stress adaptation of mi-

Table I1lI-4—Sources of pathogenic microorganisms on fresh
produce and conditions that influence their survival and
growth

Preharvest

Sail

Irrigation water

Green or inadequately composted manure

Air (dust)

Wild and domestic animals

Human handling

Water for other uses (for example, pesticides, foliar treatments,
growth hormones)

Postharvest

Human handling (workers, consumers)

Harvesting equipment

Transport containers (field to packing shed)

Wild and domestic animals

Air (dust)

Wash and rinse water

Sorting, packing, cutting and further-processing equipment

Ice

Transport vehicles

Improper storage (temperature, physical environment)

Improper packaging (includes new packaging technologies)

Cross contamination (other foods in storage, preparation and display
areas)

Improper display temperature

Improper handling after wholesale or retail purchase

Cooling water (for example, hydrocooling)
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croorganisms other than human pathogens (high ultraviolet toler-
ance in Pseudomonas syringae or high osmotic potentials in Es-
cherichia herbicola) preliminary results suggest that humans
pathogens are less likely to develop stress resistance (O’Brien and
Lindow 1988). Many of the human pathogens have an enteric
source, and therefore may be unsuccessful as plant colonists rela-
tive to the more suited plant microbial populations. The relative fit-
ness of human pathogens and common epiphytes (microbes that
grow and persist on plant surfaces) and the interaction between
bacterial pathogens and indigenous microflora needs further re-
search.

Similarly, after harvest, pathogens will survive but not grow on
the outer surface of fresh fruits and vegetables, especially if the
humidity is high. In some cases, pathogen levels will decline on
the outer surface. The rate of decline is dependent upon the pro-
duce type, humidity, and temperature, as well as the atmosphere
and type of packaging used. Growth on intact surfaces is not
common because foodborne pathogens do not produce the en-
zymes necessary to break down the protective outer barriers on
most produce. This restricts the availability of nutrients and mois-
ture. One exception is the reported growth of E. coli O157:H7 on
the surface of watermelon and cantaloupe rinds (Table G/S1).

Survival of foodborne pathogens on produce is significantly en-
hanced once the protective epidermal barrier has been broken ei-
ther by physical damage, such as punctures or bruising, or by
degradation by plant pathogens (bacteria or fungi). These condi-
tions can also promote the multiplication of pathogens, especially
at nonrefrigerated temperatures. Microorganisms often survive at
refrigerated temperatures even though these conditions reduce or
eliminate the ability of the organisms to multiply. Exceptions to
this are the psychrotrophic pathogens including nonproteolytic C.
botulinum, L. monocytogenes, Y. enterocolitica, and the presump-
tive pathogen Aeromonas hydrophila. Various enteric pathogens
have been shown to multiply on the surface of cut melons, on
shredded lettuce, and on chopped parsley and under acidic con-
ditions, such chopped tomatoes and wounded apple tissue (Ta-
bles G/ST1 — G/S8). Temperature control becomes critical for pre-
venting bacterial reproduction on any cut produce item. Fresh-cut
produce, by definition, has been injured through peeling, cutting,
slicing, or shredding. These same operations can transfer patho-
genic microorganisms, if present, from the surface of the intact
fruit or vegetable to the internal tissues. Injured cells and released
cell fluids provide a nourishing environment for microbial growth.

A vigorous population of nonpathogenic bacteria is potentially
another barrier to reduce the risk of foodborne illness from fresh-
cut products. These bacteria do not necessarily prevent the
growth of pathogens but they do provide indicators of tempera-
ture abuse and age of the produce by causing detectable spoil-
age. Most pathogens do not cause produce to spoil, even at rela-
tively high populations. In the absence of spoilage, high popula-
tions of pathogens may be achieved and the item may be con-
sumed because it is not perceived as spoiled. For this reason,
specifications requiring very low microbial counts may, in some
cases, compromise produce safety.

Infiltration of wash-water into intact fruit has been demonstrated
with several fruits and vegetables, and is thought to have contrib-
uted to an outbreak of salmonellosis associated with fresh market
tomatoes (Table O8). Wash-water contaminated with microorgan-
isms, including pathogens, can infiltrate the intercellular spaces
through pores when conditions are right. Internal gas pressures
and surface hydrophobicity usually prevent uptake of water.
However, when the produce temperature is much higher than the
water temperature, the pressure difference created may be suffi-
cient to draw water into the fruit (Bartz 1999). Adding detergents
to the water appears to enhance infiltration, likely due to reduced
surface tension. Under some circumstances, wash water may en-

ter an intact fruit through the stem scar or other opening, such as
the blossom or stem end of an apple. Conditions that reduce infil-
tration of plant pathogens should also prevent infiltration of hu-
man pathogens.

3.1. Influence of packaging

Fresh produce packaged in gas-permeable films can modify its
own atmosphere, thereby creating more favorable conditions for
storage. Three mutually interacting processes determine the
course of this modification: 1) respiration by the fruit or vegetable,
2) gas diffusion through the produce item, and 3) temperature,
and 4) gas transmission through the film. As a result of produce
respiration, the oxygen (O,) concentration in the package is de-
creased and the carbon dioxide (CO,) concentration is increased.
Growth and toxin production by C. botulinum is of particular
concern in this instance. This subject has been reviewed in depth
(see Chapter IV).

3.2. Specific foods—Examples

3.2.1. Berries. Raw raspberries and possibly blackberries im-
ported from Guatemala have been associated with several large
Cyclospora cayetanensis outbreaks (Table 9). The natural host for
this parasite has not been identified; however, contaminated water
used for pesticide application and poor harvester hygiene has
been suggested as the most likely routes of contamination. Frozen
raspberries or frozen strawberries have been linked to two or
three outbreaks of hepatitis A, respectively (Table 9). Hepatitis A, a
virus spread by human feces, is thought to have contaminated the
berries by contact with infected harvesters or contaminated irriga-
tion water. Frozen raspberries have also been associated with ill-
ness due to calicivirus, also spread through human feces.

Raw berries destined for the fresh market are harvested by hand
and field packed into retail containers without being washed.
Strawberries destined for freezing are destemmed in the field, ei-
ther using a metal device or a thumbnail. Berries which are to be
processed are transported, usually at ambient temperature, to a
processing facility where they are washed with potable water or
water containing an antimicrobial (for example, chlorine), some-
times sliced, and often mixed with up to 30% sucrose before
freezing. The extra human handling during harvesting and co-
mingling in the processing facility may explain the greater associa-
tion of outbreaks with frozen berries. Also, virus and parasites
may actually be preserved by the freezing step.

To date, bacterial foodborne illnesses have not been linked to
consumption of berries. However, reservoirs for enteric organisms
such as Salmonella and E. coli O157:H7 are similar to that of hep-
atitis A virus, suggesting that bacterial pathogens may also be oc-
casional contaminants of berries. A recent FDA survey of import-
ed produce found Salmonella in one of 143 samples of strawber-
ries (Table 11).

3.2.2. Seed sprouts. Over the past several years, seed sprouts
have become a fresh produce item commonly linked to food-
borne illness. Seed sprouts are a special problem because bacteri-
al pathogens that may be present at very low levels on sprout
seeds at the time of sprouting can multiply to very high levels dur-
ing the 3 to 10 days sprouting process and can survive through
the typical refrigerated shelf life of the products (Table G/S 7).
Also, seed sprouts are produced as agricultural commodities, not
subject to sanitation requirements because they are not regarded
as foods. A wide variety of pathogens have been isolated from
sprouted seeds (Table 12). Outbreaks have been associated prima-
rily with Salmonella serotypes but have also been attributed to B.
cereus, E. coliO157:H7, and Y. enterocolitica (Table 9).

Most sprout outbreaks have been due to seed contaminated
with a bacterial pathogen before the sprouting process begins,
presumably during production or harvest (Table 9). Many patho-
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gens can survive for months under the dry conditions used for
seed storage. Populations in the seeds are exceptionally low, mak-
ing it difficult to detect pathogens in routine seed screening pro-
grams (Table [2). Although contaminated alfalfa sprouts have been
identified as the source of pathogens in many outbreaks, clover,
radish, and mung bean sprouts have also been associated with
outbreaks. The association with alfalfa sprouts may be due to the
volume consumed, as these are the most popular type of seed
sprouts that are commonly eaten raw. Mung bean sprouts, while
sold in relatively large quantities are often stir-fried or otherwise
heated prior to consumption. This would reduce the risk and like-
lihood of illness from mung bean sprouts. However, any type of
sprout seed may potentially be contaminated with bacterial
pathogens before it is sprouted.

3.2.3. Melons. Cut cantaloupe is considered a potentially haz-
ardous food in the FDA Food Code because it is capable of sup-
porting the growth of pathogens due to low acidity (pH 5.2 to 6.7)
and high water activity (0.97 to 0.99). The FDA investigated the
frequency of Salmonella isolated from cantaloupe imported from
Mexico (Table I1). In 1990, 11 of 1,440 (0.76%) cantaloupe were
positive for eight different Salmonella serotypes. In 1991, 24 of
2,220 (1.08%) were positive with 12 different Salmonella sero-
types isolated. More recently, the FDA isolated Salmonella from
eight (5.3%) and Shigella from three (2.0%) of 151 cantaloupe
samples collected from nine countries exporting to the United
States (FDA 2001). These results suggest that melons may be natu-
rally contaminated with Salmonella.

Outbreaks of salmonellosis have been associated with the con-
sumption of cut cantaloupe and watermelon (Table 9). At least
two of these outbreaks have been relatively large and have in-
volved multiple states and/or provinces. For most outbreaks, it has
been assumed that Salmonella was present on the rind, presum-
ably contaminated in the field or during washing in a packing-
house, and that the edible surface became contaminated during
final preparation. Improper storage temperature combined with
the favorable conditions for growth on the surface of cut melons
were factors that likely contributed to the outbreak (Table 10).
Some outbreaks associated with melons have resulted from con-
tamination during final preparation either through an infected
food handler (with, for example, Norwalk virus) or cross-contami-
nation from raw beef to the melon (with, for example, E. coli
O157:H7) via knives, cutting boards, or hands.

Escherichia coli O157:H7 and Salmonella, can survive and
grow readily on improperly stored (nonrefrigerated) cut melons
(Table G/S1). When initial populations were between 2.0 and 3.0
log CFU/g, final levels reached 7.0 or 8.0 log CFU/g after 24 hours
at 23 °C (73.4 °F). At 5 °C (41 °F), both Salmonella and E. coli
O157:H7 populations did not increase.

Cut melons are subject to time/temperature requirements of the
U.S. FDA model food code criteria for potentially hazardous food.
Recommendations made by the FDA to retail establishments that
prepare or sell fresh cantaloupe are that melons should be
washed before cutting, clean, sanitized utensils and surfaces
should be used when preparing cut melons, cut melons should
be kept at or below 7 °C (44.6 °F), and they should be displayed
for no longer than 4 hours if they are not refrigerated (Golden and
others 1993).

3.2.4. Unpasteurized juices. Approximately 2% of all juices
sold in the United States are unpasteurized. Parish (1997) pro-
vides an excellent review of the safety of unpasteurized fruit juic-
es. Unpasteurized juices are made from fruits and vegetables that
are ground and/or pressed or squeezed to extract the juice. Un-
pasteurized juices are included here because they have not been
thermally processed and an evaluation of outbreaks associated
with these products might contribute to an understanding of risk
factors for contamination of the raw fruits.

There have been very few surveys of retail juices for the pres-
ence of pathogens, probably because of the very low probability
of finding pathogens in these products. Sado and others (1998)
used rapid test kits to survey retail juices for the presence of L.
monocytogenes, E. coli O157:H7, Salmonella, coliforms, and fe-
cal coliforms. Only L. monocytogenes was isolated from two of
50 juices, an apple juice (pH 3.78) and an apple raspberry blend
(pH 3.75) (Table IT).

Although there is a long history of juice-related outbreaks, they
have been relatively infrequent and, until 1995, were generally
associated with very small commercial processors or home-pre-
pared products (Table 9). While the acidity of most fruit juices pre-
vents the multiplication of pathogens, survival is much better than
has been traditionally assumed (Table G/S 6). Pathogen viability
decreases with increasing temperature due to the rapid growth of
yeasts and other spoilage organisms at the higher temperatures.
This also leads to a decrease in shelf life.

While pathogen contamination routes have not been definitive-
ly confirmed in any juice outbreak, the use of dropped fruit, the
use of nonpotable water, and the presence of cattle, deer, or, in
one case, amphibians, in or near the orchards or groves does ap-
pear to be a reoccurring theme. Of five documented outbreaks as-
sociated with reconstituted orange juice, three have been the re-
sult of contamination by an infected handler preparing the juice
(Table 9). In another outbreak the water source used to reconsti-
tute the juice was thought to be a factor.

3.3. Pathogens of concern—Bacteria

3.3.1. Aeromonas species. Aeromonas species were first recog-
nized as pathogens of cold-blooded animals. The ability of Aero-
monas hydrophila and Aeromonas sobria to cause human infec-
tion has not been fully confirmed, however, their potential as in-
fectious agents exists (Wadstrom and Ljungh 1991). The presence
of Aeromonas in drinking water, fresh and saline waters, brackish
water and sewage has been demonstrated on a global scale. Cyto-
toxic strains have been isolated from a wide range of seafoods,
meats and poultry as well as from seed sprouts, lettuce or salad
greens, mixed raw vegetables, parsley, and carrots (Table 14, 15,
17); however, outbreaks associated with this organism have not
been reported. The pathogen can grow rapidly on raw vegetables
and seed sprouts at refrigeration temperature (Tables G/S4 and G/
S7). Controlled or modified atmosphere storage does not signifi-
cantly affect the growth of A. hydrophila.

3.3.2. Campylobacter species. Campylobacter jejuni and
Campylobacter coli are a leading cause of bacterial enteritis.
Campylobacter has been isolated from a variety of produce items
sampled from farmer’s markets in Canada and from mushrooms
sampled from retail markets in the United States (Tables 14 and 16).
While consumption of contaminated food of animal origin, partic-
ularly poultry, is largely responsible for infection, Campylobacter
enteritis has also been associated with lettuce or salads (Table 9).
Cross-contamination during food preparation was thought to be
possible or probable, in one case with raw chicken juices (Table
9). Cross-contamination of fresh produce with Campylobacter
from poultry and other meats is a distinct possibility in delicates-
sen and other foodservice operations. Therefore, the linkage of C.
enteritis to uncooked produce should not be viewed as improba-
ble; control should focus on reducing cross-contamination dur-
ing food storage and preparation. Studies reported by Castillo and
Escartin (1994) indicate that C. jejuni can survive on sliced water-
melon and papaya for sufficient time to be a risk to the consumer
(Tables G/ST and G/S2).

3.3.3. Escherichia coli. Enterotoxigenic E. coli is a common
cause of travelers’ diarrhea, an illness sometimes experienced
when visiting developing countries. Raw vegetables are thought to
be a common cause of travelers’ diarrhea. A prospective study of
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73 physicians and 48 family members attending a conference in
Mexico City in 1974 revealed that enterotoxigenic E. coli was the
most common cause of illness (Merson and others 1976). Fifty-
nine participants became ill from eating salads containing raw
vegetables.

Outbreaks of illness determined to be caused by enterotoxigen-
ic E. coli in persons who had not traveled outside the United
States are not uncommon. In one outbreak, 47 airline passengers
suffered from illness strongly associated with eating garden salad
made from iceberg and romaine lettuce, endive, and shredded
carrots (see Beuchat 1996b). In another outbreak, 78 lodge guests
became ill after consuming tossed salad as part of a buffet dinner.
The salad contained several ingredients, including onions, car-
rots, zucchini, peppers, broccoli, mushrooms, and tomatoes (see
Beuchat 1996b).

Enterohemorrhagic E. coli O157:H7 is recognized as an impor-
tant foodborne pathogen. The infectious dose is very low and se-
quelae to gastroenteritis can include bloody diarrhea (hemorrhag-
ic colitis) and hemolytic uremic syndrome. The latter is most com-
mon in young children (<5 years) and in the elderly. There have
been very few surveys for the presence of the organism in raw
produce. Surveys of lettuce or salad mixes in the United Kingdom
and United States did not isolate the organism and, although orig-
inally included in an FDA imported produce study, it was later de-
leted because positive samples had not been identified (FDA
2001). However, a single survey in Mexico revealed very high iso-
lation rates (19%) for this organism in mixed vegetables, cilantro,
coriander, and celery (Table 15). This single study was published
as an abstract in 1995 and, to our knowledge, has not been pub-
lished as a peer reviewed manuscript. Therefore, we were unable
to review their methodology.

Since cattle appear to be a primary reservoir, the vast majority of
outbreaks of illness associated with E. coli O157:H7 have been
associated with consuming undercooked beef and dairy prod-
ucts. However, outbreaks have also been linked to lettuce (Table
10). unpasteurized apple cider (Table 10). cantaloupe (Table 10).
and sprouts (Table 9). In outbreaks associated with cantaloupe
and in some cases lettuce, contamination, particularly with raw
beef juices, occurred during final preparation (Table 9).

Escherichia coli O157:H7 grows rapidly in several types of raw
fruits and vegetables, particularly when stored at 12 °C (53.6 °F)
or above (Tables G/S1, G/S2, G/S4, G/S5, G/S7). Packaging under
modified atmosphere has little or no effect on the survival or
growth of E. coli O157:H7. In addition, the infection dose of E.
coli O157:H7 is low and can develop acid-resistance.

3.3.4. Listeria monocytogenes. While L. monocytogenes caus-
es relatively mild gastroenteritis in healthy adults, the illness can
be severe in susceptible individuals including pregnant women,
neonates, and immune compromised individuals. The infective
dose for this organism has not been clearly established, although
it is thought to be relatively low among susceptible individuals.
Listeria monocytogenes is widely distributed on raw fruits and
vegetables (Tables 12 and 14) and on plant material (Beuchat
1996b). However several studies with relatively large sample sizes
failed to detect the organism (Table 14). Factors affecting its pres-
ence or persistence have yet to be determined. Plants and plant
parts used as salad vegetables play a role in disseminating the
pathogen from natural habitats to the human food supply. This
role may be indirect, for example by contaminating milk via for-
age or silage, or direct in the form of raw contaminated produce.
In 1967, Blenden and Szatalowicz (1967) reported that 731 cases
of human listeriosis had been documented between 1933 and
1966 in the United States. They stated that produce such as let-
tuce or other fresh vegetables contaminated with L. monocytoge-
nes may have been responsible for some of these cases. However,
documented outbreaks associated with this organism and linked

to fresh produce have been limited. Ho and others (1986), (Table
10). reported an outbreak of L. monocytogenes infection that in-
volved 23 patients from eight Boston hospitals in 1979. Three
foods (tuna fish, chicken salad and cheese) were preferred by
case patients more frequently than by control patients. However,
the only common foods served with these foods were raw celery,
tomatoes, and lettuce. It was concluded that consumption of
these vegetables may have caused the listeriosis outbreak. No at-
tempt was made to isolate L. monocytogenes from vegetables at
the time of the outbreak.

An outbreak of human infection due to L. monocytogenes oc-
curred in 1981 in the Maritime provinces (Prince Edward Island,
Nova Scotia and New Brunswick) in Canada (Table O8). A case-
control survey revealed that cases were more likely than controls
to have consumed coleslaw during the three months before onset
of illness. Ingestion of radishes was associated with coleslaw con-
sumption but not with illness. Coleslaw obtained from the refriger-
ator of a patient was positive for L. monocytogenes serotype 4b,
which was the epidemic strain and the strain isolated from the pa-
tient’s blood. The coleslaw was commercially prepared with cab-
bage and carrots obtained from wholesalers and local farmers.
Two unopened packages of coleslaw purchased from two differ-
ent Halifax, Nova Scotia supermarkets yielded L. monocytogenes
serotype 4b. Both packages of coleslaw were produced by the
same processor. An investigation of the sources of cabbage re-
vealed one farmer who, in addition to raising cabbage, main-
tained a flock of sheep. Two of his sheep had died of listeriosis in
1979 and 1981. The farmer used composted and fresh sheep ma-
nure in fields in which cabbage were grown. From the last harvest
in October through the winter and early spring, cabbage was kept
in a cold-storage shed. A shipment of cabbage from that shed dur-
ing the period of the outbreak was traced to the implicated cole-
slaw processor. This information strongly suggests that the vehicle
of the 1981 Canadian outbreak of listeriosis was coleslaw.

Listeria monocytogenes can grow on fresh produce stored at
refrigerated temperature. Growth on fresh-cut fruit as well as as-
paragus, broccoli, butternut squash, coleslaw and cauliflower, ru-
tabaga stored at 4 °C (39.2 °F) (Table G/S4), lettuce at 5 °C (41 °F)
(Table G/S5) and chicory endive at 6.5 °C (43.7 °F) (Table G/S4)
has been reported. Controlled atmosphere storage does not ap-
pear to influence growth rates. Carrot juice appears to be inhibito-
ry towards this organism (Beuchat and Brackett 1990a; Nguyen-
the and Lund 1991, 1992; Beuchat and others 1994; Beuchat
and Doyle 1995). The antimicrobial properties are attributed to
phytoalexins naturally present in carrots. The addition of carrot
juice as a natural antimicrobial in other food products has been
relatively unsuccessful (Beuchat and Doyle 1995).

3.3.5. Salmonella. The genus Salmonella has over 2700 sero-
types. Animals and birds are the natural reservoirs. Surveys of
fresh produce have revealed the presence of several Salmonella
serotypes capable of causing human infection (Table 11-17).

Poultry and other meat products, eggs and dairy products, are
the most commonly implicated sources in salmonellosis outbreaks.
Fresh fruits and vegetables are implicated less frequently, although
outbreaks have been documented most notably in cantaloupe and
sprouts. Several additional large outbreaks of salmonellosis have
been attributed to fresh produce. Among them are three multi-state
outbreaks traced to the consumption of raw tomatoes; one in-
volved Salmonella Javiana in 1992, another involved Salmonella
Montevideo in 1993, and a third in 2000 involved Salmonella Bail-
don (Table O8). Subsequent laboratory studies revealed that the
pathogen can grow in damaged, chopped, or sliced tomatoes (pH
4.1 —4.5) stored at 20 to 30 °C (68 to 86 °F ) (Table G/S3).

3.3.6. Shigella species. The genus Shigella is composed of four
species, Shigella dysenteriae, Shigella boydii, Shigella sonnei, and
Shigella flexneri. All species are pathogenic to humans at a low
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dose of infection. Shigellosis is usually transmitted from person-
to-person but may also occur by consumption of contaminated
water and foods, including foods such as fruits or vegetables that
have received little or no heat treatment. Several large outbreaks
of shigellosis have been attributed to the consumption of contam-
inated raw vegetables. A lettuce processing facility was the com-
mon source of product responsible for outbreaks caused by S.
sonnei that occurred simultaneously on two university campuses
in Texas (Table 9). Ill students on both campuses had eaten salads
from self-serve salad bars. Lettuce was the only produce item
used in salads consumed by all students who became ill.

In another outbreak of S. sonnei gastroenteritis was associated
with eating shredded lettuce (Table 9). All implicated restaurants
received shredded lettuce from the same produce facility. An in-
vestigation suggested that a worker in the plant was the source of
contamination and that the method of processing allowed con-
tamination of the lettuce.

Two Midwestern United States outbreaks of S. flexneri infection
have been linked to the consumption of fresh green onions (see
Beuchat, 1996b). The onions were traced to shippers in California
who obtained most of their green onions from a single farm in
Mexico. It was concluded that contamination may have occurred
in Mexico at harvest or during packing.

Shigella sonnei can survive on lettuce at 5 °C (41 °F ) for 3 days
without decreasing in number, and increased by more than 1000-
fold at 22 °C (71.6 °F) (Table G/S5). Shigella can grow in shredded
cabbage and chopped parsley stored at 24 °C (75.2 °F) (Table G/
S4). Populations of S. sonnei, S. flexneri, and S. dysenteriae inocu-
lated onto the surface of freshly cut cubes of papaya, jicama, and
watermelon increased substantially within 4 to 6 hours at 22 —
27°C (71.6 — 80.6 °F) (Table G/S2, G/S4, and G/S1). The pH val-
ues of the three fruits were 5.69, 5.97 and 6.81, respectively.

3.3.7. Staphylococcus aureus. Staphylococcus aureus has
been detected on fresh produce and ready-to-eat vegetable salads
(Table 12 and 16), and is known to be carried by food handlers.
However, enterotoxigenic S. aureus does not compete well with
other microorganisms normally present on fresh produce, so in-
cipient spoilage caused by nonpathogenic microbiota would like-
ly precede the development of high populations of this pathogen.
An outbreak of staphylococcal foodborne illness was linked to
canned mushrooms. Growth and toxin production occurred prior
to processing the mushrooms, without significant visual degrada-
tion, possibly because the mushrooms were held under ambient
conditions in plastic bags and with salt. Conditions within the
bags rapidly became anaerobic and the normal spoilage micro-
biota may have been inhibited and S. aureus selected. Because
the toxin is heat stable, it survived the thermal process. This sug-
gests that raw produce-associated outbreaks due to S. aureus
could potentially occur given the right conditions. S. aureus has
been shown to grow on peeled Hamlin oranges (Table G/S2)
stored at 24 °C (75.2 °F) or survived up to 14 days when stored at
41t0 8°C(39.2 to 46.4 °F).

3.3.8. Yersinia enterocolitica. Although animals, particularly
swine, are the predominant natural reservoir for Y. enterocolitica,
the pathogen has also been isolated from several raw vegetables.
Yersinia enterocolitica infection has been associated with the con-
sumption of mung bean sprouts contaminated with well-water con-
taining the organism (Table 9). Catteau and others (1985) analyzed
58 samples of grated carrots obtained from eating establishments in
France and found that 27% were contaminated with Yersinia. Sev-
en percent of the samples contained Y. enterocolitica serotypes that
may be pathogenic to humans. Darbas and others (1985) exam-
ined prepared raw vegetables destined for school meals that had
been held for up to 5 days in cold storage. Fifty percent of 30 sam-
ples of raw vegetables analyzed contained Yersinia species. The in-
cidence was higher in root and leafy vegetables than for tomatoes

or cucumbers. Yersinia enterocolitica was the only species isolated
from grated carrots, whereas Yersinia intermedia and Yersinia kris-
tensenii were mainly isolated from lettuce. Cross-contamination be-
tween vegetables was observed in some cases. No pathogenic
strains were isolated from raw vegetables analyzed in this study. The
pathogen can grow at refrigeration temperatures commonly used
during transport and storage of fresh produce.

3.4. Spore-forming pathogenic bacteria

Contamination of vegetables and fruits with spores of pathogenic
bacteria such as B. cereus, C. botulinum, or C. perfringens present
in soil is common (Tables 12, 14, I5, and 17). However, only when
produce is handled in a manner that enables germination of spores
and growth of vegetative cells is there a threat to public health from
these spore-forming bacteria. Of particular concern are vegetables
packaged under modified atmosphere (see Chapter IV).

Botulism has been linked more to consumption of cooked vege-
tables than to fresh produce. The organism requires relatively high
water activity, a pH of greater than 4.6, relatively warm tempera-
tures, and anaerobic conditions to grow and produce toxin.
Growth and toxin production often lag behind spoilage in fresh
vegetables. Of greatest concern are those products that will support
growth and toxin production prior to visible signs of spoilage.

Outbreaks implicating cabbage and garlic in oil have been doc-
umented (Table O8 to 10). The garlic was likely dried and rehy-
drated prior to mixing with oil, but subsequent studies have
shown that the organism will grow in fresh garlic. Botulism has
been linked to eating coleslaw prepared from packaged, shred-
ded cabbage mixed with coleslaw dressing (Solomon and others
1990). Since the pH of the dressing was 3.5, C. botulinum had ap-
parently grown in the shredded cabbage that was suspected to
have been packed in a modified atmosphere. A survey subse-
quently revealed that 12 of 88 cabbages obtained from supermar-
kets contained C. botulinum spores, and that botulinum toxin can
be formed in shredded cabbage when the cabbage is packaged
under an atmosphere containing reduced oxygen and stored at
22 to 25°C (71.7 = 77 °F) for 4 to 6 days. The appearance and
color of the stored cabbage was acceptable when toxin was
present. Other vegetables that appear to support growth and toxin
production of C. botulinum before spoilage is detected are cubed
butternut squash and sliced onions (Table G/S4).

The high rate of respiration of mushrooms can create an anaer-
obic environment within film-wrapped packages, thus favoring
botulinal toxin production. Botulinal toxin was produced in poly-
vinyl chloride film-packaged mushrooms held at 20 °C (68 °F) for
3 to 4 days, and the toxic mushrooms appeared to be edible (Sug-
iyama and Yang 1975). Although placing holes in film reduces the
shelf life of mushrooms, this practice is encouraged so as to prevent
C. botulinum growth. Proteolytic strains of C. botulinum grew and
produced toxin in vacuum-packaged Enoki mushrooms held at 15
to 27 °C (59 to 80.6 °F), but the mushrooms were visibly spoiled at
the time toxin was detected (Malizio and Johnson 1991).

Bacillus cereus has been associated with one outbreak related
to the consumption of mixed seed sprouts (Table 9). The organism
was subsequently shown to be present at relatively high levels in
a variety of seeds sold for sprouting (Table 12). Clostridium perfrin-
gens was associated with one outbreak epidemiologically linked
to the consumption of salad. Illness caused by this organism is
usually associated with gravies and meat dishes. Large numbers
of the organism are required to cause illness and anaerobic con-
ditions and a nutrient-rich environment are essential for growth of
the organism. It is not clear how salad (presumably lettuce salad)
would provide these conditions.

3.5. Pathogens of greatest concern—Viruses
Outbreaks caused by hepatitis A virus, calicivirus, and Nor-
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walk-like viruses have been associated with the consumption of
produce (Table 9). 9). 9). O8). These outbreaks have been associ-
ated with frozen raspberries or frozen strawberries, lettuce, mel-
ons, salads, watercress, diced tomatoes, and fresh-cut fruit. A
number of these outbreaks were the result of contamination via
an infected food handler during final preparation (Table 9). Hepa-
titis A and Norwalk-like viruses are the most commonly docu-
mented viral food contaminants. Viruses can be excreted in large
numbers by infected individuals and have been isolated from
sewage and untreated wastewater used for crop irrigation. Al-
though viruses cannot grow in or on foods, their presence on
fresh produce, which may serve as vehicles for infection, is of
concern. Of 14 reports of viral gastroenteritis outbreaks cited by
Hedberg and Osterholm (1993), a food handler who was ill be-
fore or while handling the implicated food was identified as the
source of infection in eight outbreaks. Salads were the implicated
vehicle in five outbreaks (36%), and cold food items or ice were
implicated in all but one outbreak.

The survival of viruses on vegetables has been studied. Several
enteroviruses (poliomyelitis, enteroviruses, hepatitis A, rotavirus,
and Coxsackie viruses) can survive in a variety of raw vegetables
for periods exceeding the normal shelf life of salad vegetables (Ta-
ble G/S8). Survival appears to be dependent upon the pH, mois-
ture content, and temperature. These observations indicate that
salad vegetables can serve as vehicles for the transmission of viral
pathogens to humans.

3.6. Pathogens of greatest concern—Protozoan parasites

Reliable and sensitive detection methods for parasites in raw
produce are lacking and therefore, incidence studies are not
available with the exception of one Costa Rican survey. In Costa
Rica, Monge and Chinchilla (1996) surveyed a total of 640 sam-
ples from eight different vegetables for the presence of Cryptospo-
ridium oocysts, fecal coliforms, and generic E. coli. Escherichia
coli was found at populations of 10! (tomato) to 105/106 MPN/g
(cilantro leaves/cilantro roots). Cryptosporidium oocysts were
found in at least one of 80 samples of each vegetable except cab-
bage. Highest isolation rates were seen for cilantro leaves (5 of 80
samples positive) and cilantro roots (7 of 80 samples positive).
Highest contamination rates were observed in the rainy season
and the probable contamination route was thought to be the use
of contaminated irrigation water. No correlation was observed be-
tween the presence of Cryptosporidium oocysts and populations
of fecal coliforms or generic E. coli.

3.6.1. Cryptosporidium parvum. Cryptosporidium parvum is
an obligate intracellular parasite. It is currently thought that the
form infecting humans is the same species that causes disease in
young calves. The forms that infect avian hosts and those that in-
fect mice are not thought capable of infecting humans.
Cryptosporidium sp. infects many herd animals (cows, goats, and
sheep among domesticated animals, and deer and elk among
wild animals). The infective stage of the organism is the oocyst.
The sporocysts are resistant to most chemical disinfectants, but
are susceptible to drying and the ultraviolet portion of sunlight.

Intestinal cryptosporidiosis is characterized by severe watery di-
arrhea that is particularly severe in immune compromised individ-
uals. Healthy adults may be asymptomatic. The infectious dose is
less than 10 organisms and, presumably, one organism can ini-
tiate an infection. Oocysts are shed in the infected individual’s fe-
ces. Cryptosporidium sp. could occur, theoretically, on any food
touched by a contaminated food handler. The incidence is higher
in child day care centers that serve food. Fertilizing salad vegeta-
bles with manure is another possible source of human infection.
Large outbreaks have been associated with contaminated water
supplies suggesting that contaminated irrigation water could be
another route of contamination. Produce- and juice-associated

outbreaks of cryptosporidiosis have occurred (Table O-5, O-8).

3.6.2. Cyclospora cayetanensis. Cyclospora cayetanensis is a
unicellular parasite previously known as cyanobacterium-like or
coccidia-like body (CLB). The first known human cases of illness
caused by Cyclospora infection (for example, cyclosporiasis) were
reported in the medical literature in 1979. Cases have been re-
ported with increased frequency from various countries since the
mid 1980s, in part because of the availability of better techniques
for detecting the parasite in stool specimens.

Infected persons excrete the oocyst stage of Cyclospora in their
feces. When excreted, oocysts are not infectious and may require
days to weeks to become infectious (for example, to sporulate).
Therefore, transmission of Cyclospora directly from an infected
person to someone else is unlikely. However, indirect transmis-
sion can occur if an infected person contaminates the environ-
ment and oocysts have sufficient time, under appropriate condi-
tions, to become infectious. For example, Cyclospora may be
transmitted by ingestion of water or food contaminated with oo-
cysts. Outbreaks linked to contaminated water, as well as out-
breaks linked to various types of fresh produce, have been report-
ed in recent years. Raspberries and possibly blackberries import-
ed from Guatemala have been implicated in at least five out-
breaks, two involving numerous states and Canadian provinces
(Table 9). The route of contamination was not conclusively deter-
mined, but was suspected to be related to contaminated water
used for irrigation or pesticide application. Berries imported in the
spring but not in the fall were associated with illnesses suggesting
a seasonality to the illness. In addition, fresh basil and products
made from the basil were implicated in an outbreak in 1997 (Ta-
ble O8). The source of contamination for this outbreak was not
determined. How common the various modes of transmission
and sources of infection are is not yet known, nor is it known
whether animals can be infected and serve as sources of infection
for humans. The incubation period between acquisition of infec-
tion and onset of symptoms averages 1 week. Cyclospora infects
the small intestine and typically causes watery diarrhea, with fre-
quent, sometimes explosive, stools. Other symptoms can include
loss of appetite, substantial loss of weight, bloating, increased fla-
tus, stomach cramps, nausea, vomiting, muscle aches, low-grade
fever, and fatigue. If untreated, illness may last for a few days to a
month or longer, and may follow a remitting-relapsing course.
Some infected persons are asymptomatic.

3.6.3. Giardia lamblia. Organisms that appear identical to those
that cause human illness have been isolated from domestic ani-
mals (dogs and cats) and wild animals (beavers and bears). A re-
lated but morphologically distinct organism infects rodents, al-
though rodents may be infected with human isolates in the labo-
ratory. Human giardiasis may involve diarrhea within 1 week of
ingestion of the cyst, which is the environmental survival form
and infective stage of the organism. Normally, illness lasts for 1 to
2 weeks, but there are cases of chronic infections lasting months
to years. Chronic cases, both those with defined immune defi-
ciencies and those without, are difficult to treat. Different individu-
als show various degrees of symptoms when infected with the
same strain, and the symptoms of an individual may vary during
the course of the disease.

Ingestion of one or more cysts may cause disease. Giardiasis is
most frequently associated with the consumption of contaminated
water. Cool, moist conditions favor the survival of the organism.
Produce-related outbreaks have been linked to lettuce, tomatoes,
and onions (Table 9). O8).

4. Conclusions

¢ Numerous microorganisms, most of them from enteric envi-
ronments (for example, Salmonella spp., E. coliO157:H7, C. jeju-
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ni) but also from other sources (for example, C. botulinum and L.
monocytogenes) have been isolated from a variety of fresh fruits
and vegetables.

¢ Although isolation rates can be high, they are not consistent.
The percentage of samples contaminated ranges from 0 to 50%,
depending upon the product and target pathogen. Because of dif-
ferences in their production systems, surface morphology, or oth-
er factors, produce items, such as lettuce, berries, seed sprouts,
melons, seem to provide conditions for pathogen survival and/or
growth.

¢ The number of foodborne illness outbreaks linked to fresh
produce and reported to the United States Centers for Disease
Control and Prevention (CDC) has increased in the last years.
Some of this increase is due to improved surveillance, but other
factors may also come into play, such as increase in consump-
tion, change in consumers’ habits, and complex distribution sys-
tems.

* Foodborne illness resulting from the consumption of any
food is dependant upon a several factors. For example, the pro-
duce must be contaminated with a pathogen that survives or
grows to infective level doses at the time of consumption. Temper-
ature abuse and growth is not always necessary for foodborne ill-
ness to occur.

¢ Conditions for survival and/or growth of pathogens on fresh
produce necessary for illness are influenced by the type of micro-
organism, produce item, and environmental conditions in the
field and subsequent handling and storage. For example, free
moisture resulting from condensation rain or irrigation may pro-
mote survival and growth of microbial populations in an other-
wise inhospitable environment.

¢ After harvest, pathogens will survive but not grow on the out-
er surface of most fresh fruits and vegetables, especially if the hu-
midity is high. In some cases, pathogen levels will decline on the
outer surface. The rate of decline is dependent upon the produce
type, humidity, and temperature, as well as the atmosphere and
type of packaging used.

e Survival and multiplication of foodborne pathogens on pro-
duce is significantly enhanced once the protective epidermal bar-
rier has been broken either by physical damage, such as punc-
tures or bruising, or by degradation by plant pathogens.

¢ Physically damage produce and fresh cut produce can pro-
mote the multiplication of pathogens, especially at nonrefrigerated
temperatures. At refrigerated temperatures the ability of the micro-
organisms to multiply is reduced with the exceptions of psy-
chrotrophic pathogens (for example, nonproteolytic C. botuli-
num, L. monocytogenes, Y. enterocolitica).

¢ Specifications requiring very low microbial counts may, in
some cases, compromise produce safety because the population
of nonpathogenic bacteria is potentially a barrier that reduces the
risk of illness associated with fresh-cut products.

¢ Under some circumstances (for example, pressure differen-
tials) wash water may enter an intact fruit through the stem scar or
other opening, promoting pathogen infiltration. Access to nutri-
ents inside the product may induce pathogen multiplication to
hazardous levels. Conditions that reduce infiltration of plant
pathogens should also prevent infiltration of human pathogens.

¢ Packaging of the product under modified atmospheres chang-
es the growth rate of pathogens which may become a concern
(for example, growth and toxin production by C. botulinum).

5. Research needs

¢ Continue and increase the number of well-designed inci-
dence studies of pathogens in fresh produce. Isolation studies
should be designed considering their statistical relevance, consis-
tency (for example, consistent sample collection, treatment, labo-

ratory test methods, and data analysis) and including testing of
control samples. Negative results should also be reported.

¢ Increase surveillance and investigation of fresh produce relat-
ed outbreaks.

¢ Investigate the relative fitness of human pathogens and com-
mon epiphytes (microbes that grow and persist on plant surfaces)
and the interaction between bacterial pathogens and indigenous
microorganisms.

¢ Determine the effects of various environmental factors (for ex-
ample, ultraviolet irradiation) on the survival and growth of patho-
gens of concern.

¢ Investigate the factors affecting produce infiltration of microor-
ganisms and assess the risk of foodborne disease due to infiltra-
tion of pathogen inside produce.
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Chapter lll: Incidence, Growth, and Survival of Pathogens in Fresh and Fresh-Cut Produce
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Table I-1 —Examination of raw fruits for the presence of pathogens

Place of Percentage

Pathogen

Type

Country?

Sampling

Incidence

%

Comments

Reference

L. monocytogenes

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella
(8 serovars)

Salmonella
(12 serovars)

Shigella

Various
juices

Cantaloupe

Orange

Orange/
tangerine

Strawberries

Cantaloupe

Cantaloupe

Cantaloupe

u.s.

Various

u.s.

us

Various

Mexico

Mexico

Various

Retail

NRb

Various

(orchard

through
juice
plant)

Citrus
packinghouses

NR

NR

2/50

8/151

0/375

0/336

1/143

11/1440

24/2220

3/151

0.04

5.3

0.7

0.76

1.1

Various unpasteurized fruit
and vegetable juices were
sampled. L. monocytogenes
isolated from apple juice and
an apple raspberry blend.
Juices were also tested for
E. coliO157:H7 and
Salmonella. Sample tested
negative for the organisms.

Produce imported into the
U.S. Samples were collected
from 9 countries.

Fruit surface and juice were
analyzed. 1/3 oranges were
graded hulls, 1/3 oranges
were washed and graded,
and 1/3 oranges were
ungraded.

Produce imported into the
U.S. Samples were
collected and analyzed
from 5 countries.

FDA import study between
March and April 1990.

FDA import study between
November 1990 through
January 1991. Melons
came from the same
harvest area associated
with1989-90 outbreak.

Produce imported into the
U.S. Samples were collected
from 9 countries.

Sado and others
1998

FDA 2001

Parish; personal
communication;
unreferenced

Pao and Brown
1998

FDA 2001

Madden 1992

Madden 1992

FDA 2001

aCountry where produce samples were collected and tested

bNot Reported
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Table 1-2—Examination of seed sprouts for the presence of pathogens

Place of Percentage
Pathogen Type Country? Sampling Incidence % Comments Reference
Bacillus cereus Alfalfa us Health food 13/14 92.9 Seeds were sprouted in the Harmon and
stores lab using a home sprouting kit. ~ others 1987
B. cereus Mung bean us Health food 33/40 83 Seeds were sprouted in the Harmon and
stores lab using a home sprouting kit.  others 1987
B. cereus Mung bean us At production 2/16 12 Ten surveys were conducted Splittstoesser
over a six-month period. and others 1983
B. cereus Wheat us Health food 15/24 63 Seeds were sprouted in the Harmon and
stores lab using a home sprouting kit.  others 1987
Listeria Mung France At 1/31 3.1 See Nguyen-the
monocytogenes bean production and Carlin 2000
L. monocytogenes Mung France Retail 19/102 19 See Nguyen-the
bean and Carlin 2000
L. monocytogenes Mung Malaysia Retail 6/7 86 Samples were taken from Arumugaswarmy
bean refrigerated supermarkets and others 1994
and open wet markets.
Salmonella Mung us At 0/13 0 Ten surveys were conducted Splittstoesser
bean production over a six month period. and others 1983
Salmonella Mung Sweden NRP NR NR See Beuchat
bean 1996b
Salmonella Mung Thailand Open 30/344 8.7 Samples were collected Jerngklinchan
bean markets monthly for seven months. and Saitanu 1993
Staphylococcus Alfalfa Canada Retail 4/18 22 Sprouts produced by a single Prokopowich
aureus processor. Samples obtained and Blank 1991
from three retail outlets.
S. aureus Mixed Canada Retail 5/18 28 Sprouts produced by a single Prokopowich
sprouts processor. Samples obtained and Blank 1991
from three retail outlets.
S. aureus Onion Canada Retail 4/18 22 Sprouts produced by a single Prokopowich

processor. Samples obtained
from three retail outlets.

and Blank 1991

aCountry where produce samples were collected and tested

bNot Reported
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Table 1-3—Examination of unsprouted seeds for the presence of Salmonella

Place of Percentage
Type Country? Sampling Incidence % Comments Reference
Alfalfa us Production 0/4 0 Seeds obtained from a local processor. Prokopowich and Blank 1991
Alfalfa US Health food stores 1/10 10 Seeds were labelled as organic. Andrews and others 1979
Mixed seeds US Production 0/4 0 Seeds obtained from a local processor. Prokopowich and Blank 1991
Onion us Production 0/4 0 Seeds obtained from a local processor. Prokopowich and Blank 1991

aCountry where produce samples were collected and tested

Table I-4—Examination of lettuce or salad greens for the presence of pathogens

Place of Percentage

Pathogen Type Country? sampling Incidence % Comments Reference

Aeromonas Chicory Italy Retail 12/12 100 Presumptive Marchetti and

hydrophila salads A. hydrophila. others 1992

A. hydrophila or Lettuce, Australia Retail or 66/120 55 Cut and packaged Szabo and

A. caviae cut production lettuce samples others 2000

obtained over an
8-month period.
A. hydrophila Salad mix Italy Retail 12/12 100 Presumptive Marchetti and
(various) A. hydrophila. others 1992

Clostridium Salad mix us Retail 2/350 0.6 MAP samples were Lilly and

botulinum (various) obtained from three others 1996

different producers.

Campylobacter Lettuce Canada Outdoor 2/165 1.2 Samples from farmers Park and
markets and markets and Sanders 1992
supermarkets supermarkets. Positives

only from farmers
markets.
Campylobacter Lettuce UK Retail 0/151 0 Imported whole lettuce. Little and
others 1999
Cryptosporidium Lettuce Costa Rica Open markets 2/80 25 Samples were taken from  Monge and
eight open markets during  Chinchilla 1996
the dry and rainy season.

Escherichia coli Lettuce UK Retail 0/151 0 Imported whole lettuce. Little and

0157:H7 others 1999

E. coli O157:H7 Salad mix us Retail and food  0/63 0 Samples were taken from  Lin and

(various) 31 retail service and food  others 1996
service facilities.
Listeria Chopped Canada Hospitals 5/39 13 Samples were stored at Odumeru
monocytogenes lettuce 4°C or 10 °C for and others
up to 11 days. 1997

L. monocytogenes  Lettuce Canada Retail 0/50 0 Samples were either grown Farber and
in the US or Canada. Outer others 1989.
leaves were tested.

L. monocytogenes  Lettuce France Production 0/35 0 Lettuce samples were from Gras and

the packing plant before they others 1994
were cleaned and packaged.

L. monocytogenes  Lettuce Malaysia NRP 1/28 3.6 Francis and

others 1999

L. monocytogenes  Lettuce Sri Lanka NR 10/20 50 Francis and

others 1999

L. monocytogenes  Lettuce UK Retail 0/151 0 Imported whole lettuce. Little and
others 1999
L. monocytogenes  Lettuce us Retail 1/92 1.1 Samples were obtained Heisick and
from two supermarkets. others 1989

L. monocytogenes  Lettuce, cut Australia Retail or 3/120 25 Cut and packaged lettuce  Szabo and
production samples obtained over an  others 2000

8-month period.

L. monocytogenes  Lettuce, us — 1/297 0.3 Sample collection from Industry data,

iceberg December 1992 to unpublished
February 1993. but reviewed
L. monocytogenes  Lettuce, us — 0/320 0 Sample collection from Industry data,
Romaine December 1992 to unpublished
February 1993. but reviewed
L. monocytogenes  Prepacked Northern From processor 3/40 7.5 Samples were collected Harvey and
salads Ireland from 2 food processors. Gilmore 1993

(Continued on next page)
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Table 1-4—Examination of lettuce or salad greens for the presence of pathogens (continued from previous page)

Place of Percentage
Pathogen Type Country? Sampling Incidence % Comments Reference
L. monocytogenes  Prepacked UK Retail 4/60 6.7 Listeria was isolated from  Sizmur and
salads two salad varieties. Serotype Walker1988
1/2 (4 isolates) and serotype
4b (1 isolate). Ten salad
varieties were sampled.
L. monocytogenes  Salad mix Germany NR 6/263 2.3 See Beuchat
(various) 1996b
L. monocytogenes  Salad mix Netherlands NR 11/25 44 See Francis
(various) and others 1999
L. monocytogenes  Salad mix Northern At production 4/45 9.0 Samples were collected from Harvey and
(various) Ireland 12 food processors at Gilmore 1993
6-week intervals.
L. monocytogenes  Salad mix UK NR 2/108 1.8 Francis and
(various) others 1999
L. monocytogenes  Salad mix ~ Canada Hospitals 9/39 23 Samples were stored at Odumeru and
(various) 4 °C or 10 °C for up to others 1997
11 days.
L. monocytogenes  Salad mix us Retail and 1/63 1.6 Samples were taken from  Lin and
(various) food service 31 retail and food service  others 1996
facilities.
Staphylococcus Salad UK NR 13/256 5.1 See Beuchat
aureus greens 1996b
S. aureus Salad mix Egypt Retail/food 3/36 8.3 Saddik and
(various) service others 1985
Salmonella Lettuce Various — 1/116 0.9 Produce imported into the  FDA 2001
US. Samples were collected
from 11 countries.
Salmonella Lettuce ltaly Retail 82/120 68 Samples were taken from  Ercolani 1976
five retail outlets and
sampled at monthly
intervals for 1 year.
Salmonella Lettuce Netherlands  Various 2/28 71 Salmonella tested only when Tamminga and
E. coli present. others 1978
Salmonella Lettuce UK Retail 0/151 0 Imported whole lettuce. Little and
others 1999
Salmonella Salad greens Egypt Retail/food 2/57 3.5 Saddik and
service others 1985
Salmonella Salad mix  Egypt Retail/food 1/159 0.6 Saddik and
(various) service others 1985
Salmonella Salad mix
(various) us Retail and 0/63 0 Samples were taken from  Lin and others
food service 31 retail and food service 1996
facilities.
Salmonella Lettuce Spain Farms, wholesale 5/80 6.3 Samples were collected Garcia-
markets, and retail during the four seasons Villanova,
and from different sources. Cueto,
Possible use of contaminated Espinar and
irrigation water. others 1987
Shigella Lettuce Various — 1/116 1.0 Produce imported into the  FDA 2001
US. Samples were collected
and analyzed from 11
countries.
Shigella Lettuce UK Retail 0/151 0 Imported whole lettuce. Little and
others 1999
Shigella Salad greens Egypt Retail/food 1/57 1.8 Saddik and
service others 1985
Shigella Salad mix Egypt Retail/food 3/159 1.9 Saddik and
(various) service others 1985
Vibrio cholerae Lettuce UK Retail 0/151 0 Imported whole lettuce. Little and
others 1999
Yersinia Lettuce, Australia Retail or 71/120 59 Cut and packaged lettuce  Szabo and
enterocolitica cut production samples obtained over an  others 2000
8-month period.
Yersinia Prepacked UK Retail 3/3 100 Subsamples from same Brocklehurst

salads

batch. Predominantly
environmental strains of
Y. enterocolitica.

and others
1987

aCountry where produce samples were collected and tested

bNot Reported
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Table 1-5—Examination of mixed raw vegetables for the presence of pathogens

Place of Incidence Percentage
Pathogen Country? Sampling % Comments Reference
Aeromonas spp. Brazil Retail 43/90 48 Samples contained vegetables like See Nguyen-the and
lettuce, watercress, and endive. Carlin 2000
Clostridium us Retail 1144 0.7 MAP samples were obtained from Lilly and others 1996
botulinum three different producers.
C. perfringens UK Retail 34/100 34 See Nguyen-the and
Carlin 2000
Escherichia coli us Retail 0/49 0 Samples were taken from various chain  Hall and others 1967
(enteropathogenic) stores. Raw and frozenvegetables.
E. coli O157:H7 Mexico 17/89 19 See Nguyen-the and
Carlin 2000
Giardia spp. Brazil Gardens NRP 13 See Nguyen-the and
Carlin 2000
Listeria Germany Retail 2/103 1.9 See Nguyen-the and
monocytogenes Carlin 2000
L. monocytogenes Italy 7/102 6.9 See Beuchat 1996b
L. monocytogenes Spain Markets 8/103 7.8 Samples included a variety of de Simon and others
vegetables. 1992
L. monocytogenes Taiwan Markets 6/49 12 Organism was isolated from lettuce, Wong and others 1990
onions. Chinese cabbage, and green
L. monocytogenes UK Retail 4/64 6.3 Samples were taken year round from MacGowan and
4 supermarkets. others 1994
L. monocytogenes UK Unknown 8/42 19 Prepared mixed vegetables. See Francis and
others 1999
Salmonella us Wholesale 4/50 8.0 Samples were obtained over a 2-year Rude and others 1984
and retail survey. Various vegetables were
evaluated.
Salmonella Iraq Various 3/43 7.0 Al-Hindawi and Rished
1979
Salmonella Spain Various 46/849 5.4 Irrigation water samples were also Garcia-Villanova,
taken. Results indicate a close Galvez-Vargas and
relationship between isolates obtained others 1987
from water and produce samples.
Yersinia Brazil Retail 1/30 3.3 Samples included lettuce, spinach, dos Reis Tassinari and
enterocolitica watercress, and chicory. others 1994
Y. enterocolitica France NR 4/58 7.0 Catteau and others
1985; See Beuchat
1996b
Y. enterocolitica France NR 15/30 50 Darbas and others
1985; See Beuchat
1996b
Y. enterocolitica Italy NR 1/102 1.0 See Beuchat 1996b

aCountry where produce samples were collected and tested

bNot Reported
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Table 1-6—Examination of raw herbs or spices for the presence of pathogens

Place of Percentage
Pathogen Type Country? Sampling Incidence % Comments Reference
Campylobacter Parsley Canada Outdoor 1177 0.6 Samples from farmers markets Park and
markets and supermarkets. Positives Sanders 1992
and only from farmers markets.
supermarkets
Cryptosporidium Cilantro  Costa Rica Open 4/80 5.0 Samples were obtained from Monge and
(leaves) markets eight open markets during the Chinchilla 1996
rainy and dry season.
Cryptosporidium Cilantro  Costa Rica Open 7/80 8.7 Samples were obtained from Monge and
(roots) markets eight open markets during the Chinchilla 1996
rainy and dry season.
Escherichia coli Cilantro Mexico NRP 8/41 20 See Beuchat
0157:H7 1996b
E. coli O157:H7 Coriander Mexico NR 2/10 20 See Beuchat
1996b
Salmonella Parsley Spain Farm, 1/23 4.3 Samples were collected all four  Garcia- Cueto
wholesale, seasons at different sources. Villanova,
and retail Possible contamination from Espinar, and
contaminated irrigation water. others 1987
Salmonella Chili Netherlands Various 5/16 31 Tamminga and
others 1978
Salmonella Chili Surinam NR 5/16 31 Tauxe and
others 1997
Salmonella Cilantro Various Various 16/177 9.0 Produce imported into the US. FDA 2001
Samples were collected from 6
countries.
Salmonella Culantro Various Various 6/12 50 Produce imported into the US. FDA 2001
Samples were collected from 2
countries.
Salmonella Parsley Various Various 1/84 1.2 Produce imported into the US. FDA 2001
Samples were collected from 7
countries.
Shigella Cilantro Various Various 0177 0 Produce imported into the US. FDA 2001
Samples were collected from 6
countries.
Shigella Culantro Various Various 0/12 0 Produce imported into the US. FDA 2001
Samples were collected from 7
countries.
Shigella Parsley Various Various 1/84 1.2 Produce imported into the US. FDA 2001
Samples were collected from 6
countries.
Staphylococcus Parsley Lebanon NR NR 7.7 See Beuchat

1996b

aCountry where produce samples were collected and tested

bNot Reported
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Table I-7—Examination of raw vegetables other than lettuce and salad greens for the presence of pathogens

Place of Percentage
Pathogen Type Country? Sampling Incidence % Comments Reference
Aeromonas Carrots Italy Retail 12/12 100 Presumptive A. hydrophila. Marchetti and
hydrophila others 1992
Clostridium Cabbage us Retail 1/337 0.3 MAP® samples of shredded Lilly and others
botulinum cabbage were obtained 1996
from three different companies.
C. botulinum Coleslaw us Retail 0/72 0 MAP® samples of shredded Lilly and others
cabbage were obtained 1996
from three different companies.
C. botulinum Green us Retail 1/201 0.5 MAP® samples of shredded Lilly and others
pepper cabbage were obtained 1996
from three different companies.
C. botulinum Mushrooms Netherlands Farm 0/5 0 Samples were obtained from 5  Notermans and
auctions different auctions. At least 10 others 1989
different production farms were
sampled from each auction.
Campylobacter Mushrooms us Retail 3/200 1.5 Samples were obtained from Doyle and
Jejuni local grocery stores between Schoeni 1986
March and August 1985.
Campylobacter Cabbage Canada Outdoor 0/130 0 Park and
markets Sanders 1992
and
supermarkets
Campylobacter Carrots Canada Outdoor 0/149 0 Park and
markets Sanders 1992
and
supermarkets
Campylobacter Celery Canada Outdoor 0/150 0 Park and
markets Sanders 1992
and
supermarkets
Campylobacter Cucumber  Canada Outdoor 0/123 0 Park and
markets Sanders 1992
and
supermarkets
Campylobacter Green Canada Outdoor 1/180 0.6 Samples from farmers markets Park and
onion markets and supermarkets. Positives Sanders 1992
and only from farmers markets.
supermarkets
Campylobacter Potatoes Canada Outdoor 1/153 0.7 Samples from farmers markets Park and
markets and supermarkets. Positives Sanders 1992
and only from farmers markets.
supermarkets
Campylobacter Spinach Canada Qutdoor 2/183 1.1 Samples from farmers markets Park and
markets and supermarkets. Positives Sanders 1992
and only from farmers markets.
supermarkets
Campylobacter Radish Canada QOutdoor 2/174 1.1 Samples from farmers markets Park and
markets and supermarkets. Positives Sanders 1992
and only from farmers markets.
supermarkets
Cryptosporidium Cabbage Costa Rica Open 0/80 0 Samples were obtained from Monge and
markets eight open markets during the Chinchilla 1996
rainy and dry season.
Cryptosporidium Carrots  Costa Rica Open 1/80 1.3 Samples were obtained from Monge and
markets eight open markets during the Chinchilla 1996

rainy and dry season.
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Table I-7—Examination of raw vegetables other than lettuce and salad greens for the presence of pathogens (continued
from previous page)

Place of Percentage
Pathogen Type Country2 Sampling Incidence % Comments Reference
Cryptosporidium Cucumber Costa Rica Open 1/80 1.3 Samples were obtained from Monge and
markets eight open markets during the Chinchilla 1996
rainiy and dry season.
Cryptosporidium Radish Costa Rica Open 1/80 1.3 Samples were obtained from Monge and
markets eight open markets during the Chinchilla 1996
rainy and dry season.
Cryptosporidium Tomato  Costa Rica Open 1/80 1.3 Samples were obtained from Monge and
markets eight open markets during the Chinchilla 1996
dry and rainy season.
E. coli O157:H7 Celery Mexico NRe¢ 6/34 18 See Beuchat
1996b
Listeria Broccoli Canada Hospital 2/35 5.7 Samples were stored at 10 °C Odumeru and
monocytogenes prior to testing. others 1997
L. monocytogenes  Broccoli us Retail 0/92 0 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Cabbage us Retail 1/92 1.1 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Cabbage, us Processing 73/1016 7.2 Samples collected between Industry data,
green facility December 1992 and unpublished but
February 1993. reviewed;
unreferenced
L. monocytogenes Cabbage, us Processing 10/399 25 Samples collected between Industry data,
red facility December 1992 and unpublished but
February 1993. reviewed;
unreferenced
L. monocytogenes  Carrots Canada Hospital 0/35 0 Samples were stored at 10 °C Odumeru and
prior to testing. others 1997
L. monocytogenes  Carrots us Retail 1/92 0 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Cauliflower  Canada Hospital 0/39 0 Samples were stored at 10 °C Odumeru and
prior to testing. others 1997
L. monocytogenes Cauliflower us Retail 0/92 0 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Celery Canada Retail 0/30 0 Produce were grown either in Farber and
the U.S. or Canada. others 1989
L. monocytogenes  Celery Canada Hospital 0/39 0 Samples were stored at 10 °C~ Odumeru and
prior to testing. others 1997
L. monocytogenes Coleslaw Canada Hospital 1/35 2.9 Samples were obtained from Odumeru and
stored conditions of 10 °C. others 1997
L. monocytogenes Coleslaw  Singapore NR 2/50 4.0 See Francis and
others 1999
L. monocytogenes Coleslaw UK Retail 3/39 7.7 Samples were taken year MacGowan and
round from four supermarkets.  others 1994
L. monocytogenes Cucumber Malaysia Restaurants 4/5 80 Samples taken from street Arumugaswarmy
vendors. Samples were sliced. and others 1994
L. monocytogenes Cucumber Pakistan Retail 115 6.7 See Beuchat
1996b
L. monocytogenes Cucumber us Retail 2/92 2.2 Samples were obtained from Heisick and

two supermarkets.

others 1989
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Table 1-7—Examination of raw vegetables other than lettuce and salad greens for the presence of pathogens (continued
from previous page)

Place of Percentage
Pathogen Type Country2 Sampling Incidence % Comments Reference
L. monocytogenes Green Canada Hospital 1/35 2.9 Samples were stored at 10 °C Odumeru and
pepper prior to testing. others 1997
L. monocytogenes Leafy Malaysia Retail 5/22 23 Samples were taken from Arumugaswarmy
vegetables refrigerated supermarkets and  and others 1994
open wet markets.
L. monocytogenes Mushrooms us Retail 10/92 11 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Potatoes us Retail 21/132 16 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Raddiccio US Processing facility 0/180 0 Samples collected between Industry data,
December 1992 and unpublished but
February 1993. reviewed;
unreferencd
L. monocytogenes Radish Canada Retail 0/10 0 Produce were grown either in Farber and
the U.S. or Canada. others 1989
L. monocytogenes  Radish us Retail 19/132 14 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes  Tomato Canada Retail 0/20 0 Produce were grown either in Farber and
the U.S. or Canada. others 1989
L. monocytogenes  Tomato Pakistan NR 2/15 13 See Beuchat
1996a
L. monocytogenes  Tomato us Retail 0/92 0 Samples were obtained from Heisick and
two supermarkets. others 1989
L. monocytogenes Unspecified UK Retail 5/90 5.6 Samples were taken year MacGowan and
vegetables round from four supermarkets. others 1994
Salmonella Artichoke Spain Farm, 3/25 12 Samples were collected all Garcia-Villanova,
wholesale, seasons at four different Galvez Vargas,
and retail sources. Possible contamination and others 1987
from contaminated irrigation
water.
Salmonella Cabbage Netherlands  Various 0/18 0 Tamminga and
others 1978
Salmonella Cabbage Spain Various 7/41 17 Samples were collected all four  Garcia-Villanova,
seasons at different sources. Galvez Vargas,
Possible contamination from and others 1987
contaminated irrigation water.
Salmonella Cardoon Spain Farm, 1/4 20 Samples were collected all four  Garcia-Villanova,
wholesale, seasons at different sources. Galvez Vargas,
and retail Possible contamination from and others 1987
contaminated irrigation water.
Salmonella Cauliflower Netherlands  Various 113 7.7 Salmonella tested only when Tamminga and
E. coli present. others 1978
Salmonella Cauliflower Spain Farm, 1/23 4.3 Samples were collected all four  Garcia-Villanova,
wholesale, seasons at different sources. Galvez Vargas,
and retail Possible contamination and others 1987
from contaminated irrigation
water.
Salmonella Celery  Netherlands  Various 0/20 0 Tamminga and
others 1978
Salmonella Celery Various Various 1/84 1.2 Produce imported into the U.S.  FDA 2001

Samples were collected from
2 countries.
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Table I-7—Examination of raw vegetables other than lettuce and salad greens for the presence of pathogens (continued
from previous page)

Place of Percentage
Pathogen Type Country? Sampling Incidence % Comments Reference
Salmonella Eggplant Netherlands Various 2/13 1.5 Salmonella tested only when Tamminga and
E. coli present. others 1978
Salmonella Endive  Netherlands Various 2/26 7.7 Samples were either locally Tamminga and
grown or imported from Italy. others 1978
Salmonella Fennel Italy Retail 64/89 72 Samples were taken from five Ercolani 1976
retail outlets and sampled
monthly for 1 year.
Salmonella Fennel  Netherlands Various 0/15 0 Samples were either locally Tamminga and
grown or imported from ltaly. others 1978
Salmonella Green Various Various 1/180 0.6 Produce imported into the U.S.  FDA 2001
onion Samples were collected from
5 countries.
Salmonella Pepper  Netherlands Various 0/20 0 Tamminga and
others 1978
Salmonella Spinach Spain Various 2/38 5.2 Samples were collected all four  Garcia-Villanova,
seasons at different sources. Galvez Vargas,
Possible contamination from and others 1987
contaminated irrigation water.
Salmonella Zuchini  Netherlands Various 0/11 0 Tamminga and
others 1978
Salmonella Beet Spain Various 4/52 7.7 Samples were collected all four  Garcia-Villanova,
leaves seasons at different sources. Galvez Vargas,
Possible contamination from and others 1987
contaminated irrigation water.
Salmonella Celery Spain Farm, 2/26 7.7 Samples were collected all four  Garcia-Villanova,
wholesale, seasons at different sources. Galvez Vargas,
and retail Possible contamination from and others 1987
contaminated irrigation water.
Shigella Celery Various Various 2/84 2.4 Produce imported into the U.S.  FDA 2001
Samples were collected from
2 countries.
Shigella Green Various Various 2/180 1.1 Produce imported into the U.S.  FDA 2001
onion Samples were collected from
5 countries.
Staphylococcus Carrots Lebanon NR NR 14 See Beuchat
1996b
Staphylococcus Radish Lebanon NR NR 6.3 See Beuchat
1996b
Yersinia Watercress Brazil Retail 1/5 20 Tassinari and
enterolitica others 1994

aCountry where produce samples were collected and tested
bModified atmosphere packaging

¢Not Reported
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Chapter lll: Incidence, Growth, and Survival of Pathogens in Fresh and Fresh-Cut Produce

8wolpuAs olwain onAjowsH q
pauodal j0ou ‘YN e

6861 19qy 'BIUISIGA UM PBRUILIBIUOD J8JEM |[DM Ul sinoids BOljIj048]UD
pue Jan0) 89S Bwoy e pasiawwl alem sinoids ueag  YN/YHN 0 91 ueag umouun elueAjAsuuayd 2861 BIUISIBA
066} siayio MN ul|ned-ules ‘'s eljessny
pue AuoyeN.O  Se Yealqino swes ay) wody Algeqold  HN/SBA 0 / Bunpy pue puejiey | MN 8861 MOUDIIA 'S
‘Buiddiys 0} Joud paunddo uoneUILEUOD pue|ui4 pue
/661 SI8Yl0  8|qISSOd ‘PAAJOAUI S1O| Paas  1SEd| 1Y spuelayIdN  epeue) ‘SN
pue uoyeyy  "J9InNoids swes a8y} Woi} dWed Spass ON/ON 0 gle< Bje)y ayl ‘areisiinn G661 Aojuels 's
6661 Siaylo ea1qino "N'N:LSLO /00 5
pue eujwJioe] 866 Se Jeynoids swes "pajoadsns
{paouslaeIUN WWOD spaas pajeulweluo) ‘isnoids sinouds 1an0|0 solels
slad ‘ueueq yor olj|oads e 0] padel} aiom sinoids  ON/SOA 0 2S pue ejeyvy 'SNS BluIoje) 86-/661 bBiaquayuss ‘s
066} sisyio pue
AuoyeN,0 @9S ‘sinolds wolj paje|os| |ned-jules 'S usyouaniy ‘s
{0002 uleD pue 10U INQ UBYOUBN|\ 'S PUE BUBABH 'S BUBABH 'S
ayl-usAnbN 89S ")eaiqino YN se spass awes A|[geqoid  HN/SOA 0 o3l Bunpy 4N uspams 8861 |ned-uies ‘s
‘(sjeusiew
alsem Jaonpoid wouy) sejdwes
0661 Slaylo |EJUBWIUOIIAUS puUB ‘spaas ‘sinods eljelisny pue
pue Auoyen.O ueaq WoJj parelos! sienosas a|diN  SBA/SBA 0 [ al Bunpy puejiey] MN 8861 |ned-iures ‘s
epeue)
‘uemayoleyses
pue ‘elquinjo)
paoualajeiun (WWod ‘90IN0S P8dsS UOWWOD ysnug Jen g
slad {000g Jeqieqd 1O puelq awes 8y} woij atam sinods  YN/YUN 0 9¥ Bjejly umouyun ‘eyaqy 6661 eaer lydAlered ‘s
ylewuaq
pue (Juowusap
pue e|fiosn
Algegoud)
‘epeue)
6661 Slayio ‘(enoqe e8s) yeaiqgino uobaip
pue eujwlioe| }ewuaq oy} woiy djgeysinbunsipul spuelayiaN ‘elquinjod
‘2661 Busd o9g o1oM pare|os! WsIueBIQ  SBA/SBA 0 €el Blejly 9yl ysnug 96-G66 | vodmeN ‘s
paouaiajeiun
‘wwoo siad "UMOUMUN UOIJBUIWEBIUOD JO 82IN0S (epeue) pue
{0002 Jogqie4 “(mojaq 9@8s) 3eaiqino epeue)/'S N Se spuepayeN SN Algeqgoud)
/661 Bua4 eag Jaddiys awes ay} wolj sWed Spaag  SOA/SBA 0 ¥S1 Bjejly ayl jiewuaq G661 JodmenN ‘S
‘wwoo ‘peloadsns spaas
siad ‘leueq  paleulweiuo) 1amoib pass eluloye)
{666 SIoyl0 a|buis o} paoeJ} spaas Jenoids sipubesjap 'S
pue eulwloe| oy0ads B 0} padel) alem sinoids 8yl  ON/SOA 1 005< Bjejly BIUIOHED BluIol_D 966} PuB 09PINBIUO ‘S
padualajelun ‘wwod
slad {000z Jeqieq "yeos-aid aulo|yd ou
/661 Buaq seg yum umoib Ajeouebio aiem sinoids  YN/4N 0 vel Bjleyy umouyun epeue) 1661 sipubesis\ 'S
aoualajay sjuswwo) Sspoasg syjeaq sase) inoids 99.nos uol}esoT] 1eap uaboyied
/sinouds JO "ON JO "'ON jo adA)l poas
wou}
pajejos]

(ebed snoinaid wiody panunpuod) synoids paas YlIM pPajeIdosSSe ISeIasIp auioqpoo) Jo s)eadqino pajiodas jo sajdwexy—p-0 a|qeL

Vol. 2 (Supplement), 2003—COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY 133



€661 SI8ylo ‘|910y YIoA MaN e 1e aoInl ay) pasedaid paoadsns g 1910y (pa1n1isuodal) Jans} ploydAy
pue peayylig Je|puey pooy} onewoldwAse uy 4N paWu0d 9f Josay abuelip umouyun NIOA MON 6861 ‘IydAL ‘s
9¥61 Slayio "19)J0M poo} oljewoldwAse |e10y (painyisuooal) 1898} ploydAy
pue ueoung ue Aq pajpuey sem aoInp 4N 8l |enuapisey abuelp umouyun olyo vy61 ‘IYdAL elreuowres
€961 si8yjo Jelpury v sheday [eoluljogns (paInysuooal)
pue uiglsuasig Aq patedaid sem aain[ abueio ay 4N e jendsoH abueip umouun 1UNOSSIN 2961 V sinedaH
ELITEYETEN| sjuawwo) aosnpoid sase) anuap aaInp 22inos uoljeson Jeap uaboyjed
wou4} JOo 'ON jo adAL aonpouid
pajejosj|

801N ebuelO PBINMISUOCDBY UlIM PBIeIDOSSY 8seasi(] 8ulogpoo4 Jo syealqinQ penodey jo sejdwex3—g-O 8|qel

pUB PlIM WOJ} UOIBUILEIUOD

0002 Joqied 993 8|qIssod ‘pesn ss|dde doiq 4N L — a|ddy BWOUBNO  BWOYEPO 6661 /H:/GL0O /00 g
‘Buiysem Jo Buiysniq ‘uonoadsul Jayuny
Inoyum pasn sejddy "sjgelod jou wiey uo
Ajddns uaepn "uonoadsul uo a|geuns ji
6661 Sioylo punolb woiy payos|oo sa|ddy ‘1sealey OWOH epeue) epeue)
pue uAjquel a|dde o} Joud pJeyalo ul idey aped ON 4! Juied a|ddy ‘olBIUQO ‘oleluQ 8661 /H:/ZS10O 100 ‘3
"Joap/a|ieo Jeau pieyolo ajdde ‘pasn
so|dde paddoip swos ‘seidde Aujenb
Jood A|qISSOd "SUOIBIUBIUOD MO] Je uojbuiysep
pasn sawi} awos Jo (8onposd paxem pue ‘opelojo)
/eonpoud Jo} papusiul jou) Ajoaliodul ‘ejuiojien
pasn uaaqg aney Aew suonnjos paseq ‘epeue)
6661 Slayio pue pioe ouoydsoyd ‘JenemoH ‘pasuu ‘elqunjon
ApoD 1q9e6L DAD  PuUE ‘paysnig ‘ysem ploe dlioydsoyd SOA (SNH v1) 0L Ireyoy a|ddy s’ yshug 9661 LH:/5L0 100 '3
‘paysem alom sajddy ‘pJeyolo [eo0] wol} Jiw J8p1o
000¢ 1oqieq 885 JudA® YdINyo |ed0| 10} dpew sem JaplD ON 9 llews o|ddy ysem ‘ysem 966+ LH:LSLO/j0o "3
"aAljeAlasald
B sk pappe (%] °0) 91egi0S WNISSelod
'ssaid uspoom e Buisn paain| aiojeq
lajem e|gejod ul paysem pue paysniq (odLL+SNH 1 [llw J8p1o
0/66 D@D ®lom sajddy "sainl ul pasn sdoip swos ON ‘SNH €) vI llews a|ddy ‘uuop ‘uuop 9661 LH:.GLO 00 ‘5
‘Aqieau pasiel ajeD "paqgqnios
€661 SIaylo 10 paysem Jou alam sajddy Jllw J8pIo /H:ZSLO ljoo
pue Jassag 20In[ Bunew ur pasn sdolp 2,06 ON (SNH ¥) €2 lews o|ddy "SSBI\ ‘SSB\ 1661 elyoLayosy
“rey [ednynoube ue je
aoIn[ Jo} passaid pue paysem
Aj@1enbapeur se|dde ‘ainuew jjeo ul Aepuooes g6
punoy s1sAo00 ‘seal] yieauaq sselb uo pue
$661S19410 pazeib ajed ‘punolb wouy pasayied Arewud 091
pue pJe|in pue soaJ] wol} uayeys so|ddy SOA jooyos o|ddy aurepy aure €661 wnipliodsojdAin
‘Buissaud 01 Joud paysem pue
paysniq alem sa|ddy "uoleuiweluoo
|eoa} Buneoipul saidwes Jayem ||om
Ul pajoalap /j0o F “1ealis ay} ssoloe paloadsns || |llw J8p1o wnased
9/661 DdD wuey} Aliep ‘JenamoH ‘pasn sdoip oN edN ‘pawLIlu0d 02 lews a|ddy MIOA MON MIOA MON 9661  wnipliodsojfin
ERIVEY TR sjuawwo) aoInp sase) anuap aoInp 924nos uoleso 1eap uaboyjed
wouy JOo "ON jo adAL uni4
pajejosj

IFT/FDA Report on Task Order 3

22In[ }in4j paziinajsedun Y}IM pajeldosse 9Seasip audoqpoo} Jo s)yealqino pajiodal jo sajdwexg—g-0 alqel

134 COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY—Vol. 2 (Supplement), 2003



Fresh and Fresh-Cut Produce

in

L of Pathogens

va

Incidence, Growth, and Survi

Chapter llI

eindind oluadojhooquioyl di0quiolyl o

BawoJpuAs olwain onAjowsH q

pauodal Jou ‘YN e

666 Uoldss

uswabeuep abueio jo suoued pasuadoun
2oUd||aAINg ‘20In[ WO} paje|os| Sem ejjauow|es SOA 0 So¥ |leley abueliQ ellelisny elelisny 6661  wnunwiydAl ‘s
‘aniisod wnunwiydA] ‘s
alam saakoldwae Auiy jo XIS
‘Paz|jiues 10U ‘I8jem Pjod Yim pasull
wewdinb3 "saaJ} adde azi)i8} 0} SENLI)
pasn ainuep "aoIn[ ay} axyew o} pasn |le1al |lews
G/61 DAD sa|dde paddoup jo uomuodoid ybiy v SoA 0 962 pue wJieq a|ddy Rosiop maN Assiar maN /61  wnunwiydAl 'S
‘sg|dde ysem
€261 1anbed 0] pasn sem Jajem ajgejod-uoN 4N 0 [t 4N a|ddy aouel aouel4 2261 IydAL ‘s
— HN HN HN 4N a|ddy aouel adueld 8681 IydAL s
‘uodsuel; o} Joud a2inl 0} Ajjebaj peppe
sem 99| Jey) pajeanal suolebiisanul
dn-mojj04 "PaMog Sem |l 81aym S)oNJ}
Ja¥ue} Ul BUOZIY O} papodsuel) pue
00IXa\ Ul pazaanbs aoinp 1eonpolid
wou} pajos||oo aoinf abuelo wouy pajoadsns |6+ epeue)
6661 DAD  PoIe|os! Bljouow es Jo sulells ajdiynpy SOA L ‘POWIUOD /0g lueinelSaY abueliQ 02IXa\ pue ‘s'N 6661 uayouaniy ‘s
queld Buissaooud
8y} punoJe |los pue swelqiydwe
woJy paje|os] sem gjjauowjes *d2In[ 1o}
pasn alem sdoiq ‘uonebiul pleysio
10} pasn sem Jalem 80BlNG ‘pPuUNO}
swajgold uonejues jueld-ur snoJawnN Mmejsigny ‘s
8661 Slayjo pue "Yeaiqino Jaje 99In[ Jo SIsuleluod pazijendsoy /£ pue ‘piojleH 'S
300D ‘G661 DAD [BJOASS WOJ) Pale|os] Sem BlaujWey) ‘S SOA 0 pue ||l 29 |leley abueliQ eplold eplol4 G661 ‘elaulwey) 'S
"Yeaiqino ay} ul payedljdwi alem saoin| 90IAI8S POO4 ‘SN sipuaug
000z Jonng SNJYO JO SIBUIBIUOD PazZIS Uo|en) ON 0 a pue |ieley snn BluIojien ‘areisinin 0002 gllouowjes
‘deay abeqieb ay) wol} Aeme
G661 Slaylo slojaw 9 sem auo ‘eaIn[ pazeanbs Jopuan 1100 '3
pue ybuis ysal} Buljjes siopusa apispeos om| SOA 0 9 apispeoy abueip Blpu| BIpu| 2661  oluabixojoisiu]
epeue)
2861SJ8Yl0 " Judlalip, 10 [eq, paise} oI ‘ile} pue 19)JeW ‘oueIuQ pejoadsns
pue 9|99)S  18yJew |ed0| B woly paseyaind aoinp OoN L qSNH P 1800 9|ddy epeue) ‘ojuolo] 086l /H:/SLO 02 '3
‘ainuew [ewjue dl}saWop pauodal Jou ‘YN e
/961 Slayio -90In[ 81n1Isuo0d8l 0} pasn (pa1n1isuodal)
pue meyslagel 90IN0S Jajem paleulweluod a|qISsod edN 0 €95 umouyun abuelp umouxun BluIojI[ D G961 umouyun
"swioossal Jeau painguisip aoinf abuelQ
‘uea|d O} YNOIYIP dIOM PasN S|Isudln
ERITEY TR sjuawwo) aoInp syjeag sase) anuap aoInp ?24nos uoleson 1eap uaboyjed
wouy Jo "ON Jo "ON jo adAL unig
pajejosj

(abed snoinaid wody panuipuod) adinf }iniy pazuanajsedun

UMM pajeIdosse Iseasip auJoqpoo) Jo S)ealqino pajyiodad jo sajdwexz—g-0 d|qeL

Vol. 2 (Supplement), 2003—COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY 135



IFT/FDA Report on Task Order 3

pojaiun pejes epeue)
‘wwod siad f4aqieq — UN 0 1€ Jlesae) jueinelsay UN ‘epaq|y G661  /LH:/SLO /0903
‘pojiods
/661 SIaylo  Ajiaeay sem paAlgoal aonpe ‘lendsoy ERINE]] |endsoy epeue)
pue uojsald 9/e0 9JNOE UB Ul PaLINd20 Y}ealqinQ 4N 0 fordd B19909] 2/e0 9}NdY 4N ‘oueluO G661  LH:/SLOl0O '3
-2oIn[ Jabinquiey (B1aga2l) dweo
000¢ IdSO MeJ YlIM uoljeulweluod ssoid dN 0 (0% aonpe N0d0g eluiojlied Sule\ G666+ LH:LSL0O /02 "3
(ourewou) LH:LS1O 1100
0002 IdSO “Is|puey pooy parosjul A|qissod N 0 L aonjeT] umouxun umouxun oyepj G661} elyolieyosy
"Ja|puey pooy
palosjul ue Ag paleulwelu0d SSoID
10 paysem Apadosdwi usaq aney Aew VYY) epeue)
8661 PPoL  sajgelebap onjod € Je paaiss pejes dN 0 x4 pejes paisye) HN ‘oleIUO 2661} SNJIAIDIED
"J0INQUISIp dWes 8y} wouj paseyoind
“S'N pue niad wouy payeulbiio (unjosaw)
90N}197 ‘Sjueine}sal eplUo|d [BI9ASS sane9|
6661 yoeag pue eploj4 jo no Bujjies diysasinio 20N}9| diys asinio niad sisausjefAeo
pue 1pjemisH 98g 0} paoel} syealqino pajejal A|gissod 4N 0 L6< Ageg sjueine}say  A|qissod eplol4 /661 BJ0dsooAD
uondadal epeue) susburyied
€661 sipelfis  »eam ABojoiwepids ing payedidwi pees ON 0 8Y peres Buippam umoumun ‘olEIUQ €661 wniplisolo
's99IN[ USYDIYD MBI YlM 99N)9)
a8e61 0dO JO uOleuIWE.IUOD SSOID 8|qeqold dN 0 i1 aonpen jueinelsay dN BwouyepO 966 unfel -0
‘yealqino
aleijul 0] paseadde pejes ‘saonoeid epeue)
abeio)s poo} Jood pue uoneredaid pooy Blo19je0 ‘elquinjo) 1unfaf
G861 Us|lv Buunp uoneulWEUOD SS0IO BIqISSOd ON 0 0ee peres Aysieniun edN ysnug ¥861  Jop0BqOAdwe)
ERITEYETE| sjuawwo) aosnpoid syjeaq sase) pejes Jo anuap ?2inos uoleson Jeap uaboyjed
wody jo "OoN jo "OoN aonyen @anpoid
pajejos] jo adAL

spejes 10 99n}}3] Med Y}IM pPajeldosse ISeasip auloqpoo) jo s)ealqino pajyodas jo sajdwexz— -0 dlqel

pauodal Jou ‘YN e

1961 s1ay10

*00In[ 8)N}ISU0O8l 0} pasn

(painyisuooal)

pue meysiage] 90IN0S Jajem PaJeulWEluU0d 3|gISSOd edN 0 €95 umouyun abuelp umouxun BluIojI[eD G961 umouyun
"SwooJsal Jeau painqguisip aainf abuelQ
‘Uea|d O} YNOIYIP BIOM Pasn S|ISudln
€661 SIaylo ‘|910y YIoA MaN e 1e aoin[ ay) pasedaid pajoadsns g 1210y (pa1n1isuodal) 188} ploydAy
pue peayylig Je|puey pooy} onewoldwAse uy 4N 0 pawu0d 9f yosay abuelip umouyun NIOA MON 6861 ‘IydAL ‘s
9¥61 Siayio "J19ylom pooy onewordwAse 1810y (painyisuooal) J9A8) ploydAy
pue ueoung ue Aq psjpuey sem aoInp 4N L 8l |enuapisey abuelp umouyun olyo vy61 ‘IYdAL eljeuowres
€961 sisyjo J8|puey v siieday [eolulogns (peinsuooal)
pue ulglsuasig Aq patedaid sem aain[ abueio ay 4N 0 e jeudsoH abueip umouun 1UNOSSIN 2961 V sinedaH
ERITEYETE| sjuawwo) aosnpoid syjeaq sase) anuap aaInp 22inos uol}eson Jeap uaboyjed
wouj Jo "OoN jo 'oN jo adAL @anpoid
pajejosj

2oIn[ abuedo pPajnN}ISU0IAI Y}M PIJeIOOSSE ISEaSIP audogpoo} Jo s)yeaiqino papodal jo sajdwexz—9-0 d|qeL

136 COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY—Vol. 2 (Supplement), 2003



Fresh and Fresh-Cut Produce

in

L of Pathogens

va

Incidence, Growth, and Survi

Chapter llI

payodal jou ‘YN e

0002 ulieD pue ‘uonebull Jeyem sa|qelabon
ay}-usAnbpN oeg 9)SEM WOJ} UOIIBUIWEIUOD 3|qISSOd 4N 0 9/l paxi 4N 4N |oels| 0.6l  8BI8joyd OLQGIA
‘sewioy sjuaned wolj (MN) YN MN pue
G661 SIayjo paurejqo aonye| Biegedl ul pajosiep ‘(uepams) 8 (612g091) ‘uspams
pue pniadde) aJoMm Ejjauow|eS pue SWiojljod [eda ON 0 ‘(AemioN) 0L L aonna snouep uredg ‘AemioN 661 1uuos 'S
‘Ayioey Buippaiys aus e Jajpuey
POO} WOJ} UOIBUILIEBIUOD 8|qISSOd
8861 SJaylo ‘90JN0S SUO WOJ} 99N} Pappalys ERIET
pue siaeq paAledal sjuelneisal pajyedldw| ON 0 /€ pappalys  sjueineisay sexa| sexa| 9861 18UUOS °S
‘paulwielep 8 jou
p|N02 82IN0S WU "Sa]elS 9aIy}) Wol)
aonpa| paseyaind Jaiddng “isiddns
awes ay} woly aonys| paseyaind 02IX3\ MBN
9861 SI9yl0 Sal)ISIOAIUN Ylog "SallISIaAIuN elio)0)e0 ‘eluiofiien
pue uiey ojesedsas je SYeaiqino JUaLINdU0d OM| OoN 0 ol aonpe] Ajsianiun ‘euoziy sexa| €861  lauuos gjebiys
"uolINgUISIP 810J8g PaIIN220
aAey 0} pajoadsns uoleulweu0) 001X\
‘0661 SI9ylo "Jo]nquisip @onpoid awes 8y} wolj ERINNE] Alqissod
pue wnjquasoy 90N}19| paAledal sjuelnelsal 9alyl ON 0 202 Biage9| sjuelneisay  Ing SN Aonjueyy 83861 V siijedaH
'Spuey yum psppalys
sem aon)g| ay] ‘seonoeld asualbAy
6861 SJoyl0 100d YlIM JB|pUBYPOO} PaOdJUI UE SEM pejes
pue AimoT  Yeaiqino ayj Joj 92inos d|qeqoid syl OoN 0 €0l aonpa] jueinelsay 4N epuol4 9861 V SijedaH
‘so|qelaban |e
o 0} pJeoq Buyno swes ay Buisn
WoJ} UOIBUIWEBIUOD SSOID 3|qISSOd
‘sa|qelaban ay) Bulysem uj pasn Jayem suoluo pue Jauuip
6861 0dO 8|gejod Wou) UoHeUIWEIUOD B|gISSod dN 0 ¥4 aonpe yoainyo 4N OOIX8|N MBN 6861 elpiero
6661 oxnel
pue uiyuy ON 0 4 peres jueinelsey dN eluiojied 8661  LH:LSLO ljoo'3
/661 axnel 'splaly 99N}19| 8y} Jeau punoy
0998 ‘6661 sem 9pe) "1ossaooid Jamolb a|buis aonn9| sloul||| pue
sJoyjo pue uiogiH B 0} padel} sem 9ony9| pajeoldwi 8yl SOA 0 (34 unjossiy snouep 'S’ 1no10duUu0D 9661 /H:/SLO /j0o'3
‘uonebiul Joy pasn puod a8y} aaoge
weal)s ay} 0} SS820e pey aeD "splal
8661 SI9Yl0 8y} 8zi|IKa} 0} pasn jsodwod Jo yjounl uolbuiysep
pue si1ayoy  uonebLll Wolj UOBUIWEBIUOD B|qISSOd OoN 0 0L aonpa] |leyey pue BUBJUO|\  BUBJUOW G661 /LH:ZS1O //09°3
ERITEY TR sjuawwo) aosnpoid syjeaq sase) pejes Jo anuap ?24nos uol}eso Jeap uaboyjed
wody Jo "ON Jo "ON aonye aonpoud
paiejos| jo adAL

(abed snoinaid woly panujpuod) spejes 10 3dn)}3| Med YHIM PIJeIdoSSe 9Seasip audoqpoo) Jo s)ealqino pajiodad jo sajdwexg—z-0 d|qel

Vol. 2 (Supplement), 2003—COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY 137



IFT/FDA Report on Task Order 3

(abed jxau uo panuiuoa)

'90N)v| pue AIg|eo se yons pajoadsns
so|ge}oban Mel ‘se0jewo} YUM panlas || ISEIER]
€861 ‘sisoualsl| 0} payul Ajjeaibojoiwepida pue aony9|
slayjo pue yoo|yos SOYOIMPUBS 9S99YD pue peles usydlyo ‘S90}ewWo} soausbojfoouow
‘9861 siayjo pue oH ‘Usly Buny "panjoAul sfeydsoy sjdiyniy dN S (014 mey s|eydsoH HN uoisog 6.6} eliajsry
0002 uopmous $90}BWO0}
pue puny “1s|puey pooj Ag uoiEUIWEUOD PajdadsSNg HN 0 26 padig 4N 4N sesuexly 166} v siijedeH
‘weal)s ay) Jeau uses
alom syue) 21jdes pauopuedge |BloAsS
‘swisiuebio |28} yum uoneulweuod ssoib
pajeanas sain}nd uswioadg ‘wiey Jeau sseJlololem
161 DAD Sweals [[ews Wolj palsaAley SSaidlalep ON 0 621 mey 9WOH 99sSSauud] oossauual |1/6} V SiijedaH
suojuo
0002 ulie) pue ‘S90}ewWo}
ayl-uaknbN o83 4N dN (4 ‘aonpen dN dN SN 686} e/jquel ejpiely
6661 oxnel (SNH €)
pue uiyly ON 0 Ly Pe[es lini4lusAe paisie) dN uIsSuoosIM 8661 LH:LSLO /02 "3
666
oxne| pue Uiy S8A 0 [ ME|S8|0)  luelnelSeY HN sijodeuelpu] 866} /H:/SLO /00 T
"alels awes wolj (o1uabixojoleiua)
awed pasn sjole) ‘spefes ul S}04JBD |e10y alysdweH maN 1109
7661 0AD pasn sjoiled JO uoljeulweluod 8|qIssod 4N 0 Ick iy psppalys ‘auIlIY SN pue|s| spoyd €66} BIyolieyosy
Sjuane
‘UMOUMUN UOIJBUIWBIu0D paleyen sisueusjefeo
q.66+ 0A0 4O ®PON "|ISeq ysauy pejoadsng S8A 0 80¢< liseg /lrerey SN SN ‘eyesunN- L6611 210ds0/9AD
"Ja|puey pooy} e AQ uoleuiweu0d
9|qIssod ‘slawolsno 0} Buinies alojeq (uoneloosse
paysem Jou pue jueinelsal ay} o} Alaalep AISN|OUODUI) wnased
B8661 0AD 91040 POYSEM JOU BJOM SUOIUO USIK) ON 0 $G SuoOIUO UdBIY) Ssjueinelsay sn uojbulysepy 2661 wnipuodsoidAin
‘Juelne)sal 8y} Je ainjelodws) wool je
paJols sem Jep ‘uud [ews ul pajesablyal
dosyy, ‘pasn Jou saAlIppe ploe Jo
886 Jouney [edlway) ‘|10 ueaghos pue pajeipAysl pue J1o ul o1ueb epeue) (g adAy)
pue uowol|og  pajelpAysp wol) epew sem jonpold ey SOA 0 /€ paddoyy sjueinelsey SN ‘elqunio) yshug S861 wnuynioq "0
(8861 ‘lenne)y pue uowo|os)
¥eaiqino Gge| Se Jossadold swes
‘Buiuado Jsye pajesabuyey ‘Buiuado o} soud
syuow ¢ Ajorewixoidde oy ainjeradwsal
WwooJ Je paiols sem Jepr uud jrews ul
Jpoielsabuyal deay, ‘pasn 10U SBANIPPE pIoe
10 |eolwieyd /86 1} PUB G861 UdBMIB]
0661 Slaylo BWI1-9WOS [I0 BAI0 puUB J8}em 89l j1o U1 o1ueb (v adAy)
pue asiopy  ‘olieb paddoyo woiy epew sem jonpold SOA 0 e paddoy)n aWOH 4N MIOA MON 6861 wnuynioq "0
-abeqqed ay} uj wnuynjog o jo ymolb
a]qIssod ‘sedald jo41ed pue abeqqed (v adAy)
0661} paureluod yoiym Buissaip me|sajoo ul pejes wnuynjoq
SJaYjo pue UoWo[0S punoy alem salods pue UIx0} pawlojaid SOA 0 ¥ abeqqe)n aWOH edN epuol4 /861 wniplisolD
2oualia}ay sjuawwo) aonpoid syjeag sose) aonpoid anuap  @%inos uol}ed0T JBIA uaboyied
wouy Jo "ON Jo 'OoN jo adAL aoanpo.ud
paiejosj

spejes 10 99n}}3] pue ‘sjnoids paas ‘SalIaq ‘suojaw uey} J9Yyjo adnpoid Mmed Y}iMm pPIjeIdosSSe ISeasip aUJoqpooy JO SHealqino pajiodad jo sajduexg—g-0 d|qeL

138 COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY—Vol. 2 (Supplement), 2003



Fresh and Fresh-Cut Produce

in

L of Pathogens

va

Incidence, Growth, and Survi

Chapter llI

payodal jou ‘YN e

2661 SioU10

'sdoJo ayebLul 0}
afemas pajealiun pasn Ajuowwod uoibal
ul siewJieq "abeqqgeo paxood Ajybi Jo mes
Bunes pue ‘sejsaly 0} 6uiob ‘ueyem BupuLp
pareulweu0d Bulpnjoul UoISsIWSUel} BI9j0YD

pue mojpJams UHM PoJBID0SSE 81oM SI0Joe) |Blonas 4N L/ umouxun abeqqen snolep niad niad 1661 aela|oyo A
000z ‘ulen pue ‘J9)em 9lsem sa|qejaban
ayl-usAnbN @8g  pejeasun pue uonebiul Ag uoneuiweuo) 4N 4N 9/l MEJ SNOUeA 4N 4N |oBIS| 0.6l ©®'IBJOYD OLGIA
‘Buinies o} Joud sinoy [elanss 1o}
ainjeladwal wool e Ya| pue paddoyd usyo
sem Asjsied sjueinejsal u| ‘sanioe} Areyues
pue uoneonpa aualbAy palwil pey SIaxIop
‘Ae|sied ayy Bupjoed 1o} 891 8yew 0} pasn
0S|y 'PoIeINdJIoa) Sem }I 81aym 18]00001pAY
Ul pasn Sem JaleA\ "Paleulojyoun sem epeue) pue
a6661 ‘D@D pays bBupjoed oy paiddns Jeyem jedioiunpy ON 0 0Le Aa|sied slueinelsay 001X\ SN ‘eesninAl - 8661 18UUOS °S
001X\ Ul Buibeyoed suoluo V9 Lauxajy
/661 ‘9xnel  Jo }seAtey Buunp uoljeulweluod 9|qIssod an 0 2l usaln snolep 02IXaN SN ‘eleIsinN - 661 gl1obiys
0002 ‘Uopmous "UMOUY| JOU UOIJeUIWEUO0D
pue punT 88SJ0 82In0S “Aswew
uazoJj pauodwi umouyun 0 g1 Aswep umouyun lizelg SN 66 01 8661 IydAy ‘s
L661 9Xne| G661
SJ18yl0 pue 19\ 89S
{0002 uopmous “Joyoed Buljoie)
pue pun 88g Aq pasn yjeq Jajem jo uoieUIWEBIUOD OoN 0 8 S90jeWOo] snouep yinos SN ‘eleIsniNN €661 O8PIABIUON 'S
09661 Yeyonag aas “Joyoed Buljoie)
{/66] @xne| 98S Aq pasn yieq Jajem JO UOHBUIWEBIUOYD 4N 0 A S80}BeWO] snouep yinos SN ‘ereIsnN 0661 BUBIAB S
‘S[ewIUE p[Im Jo
6661 sbulwwny Bunsawop Ag uoneUIWEBIUOD plal) 9|qISSOd SN uopjieg
‘666 UBwWSNS "EpLO|{ Ul sieyoed om}
0] padel] selewol 4N € G8 seojewo] snoliep epuol4 ‘ereisniniy 66 O1 866} gllsuouwijes
‘uojpw mapAsuoy pue
‘adnojeiues ‘uojewlaiem ‘eAeded ‘sjddesurd
661 SI9ylo papnjoul SNt} INd ysal4 ‘uonesedaid Hnuy
pue 1pjemiaH Bulnp paiINd20 UOIBUIWEIUOD B]qISSOd 4N 0 l1e< o ysai4  diys asinin 4N lemeH 0661 SNJIA Y|EMION
‘A1anodal Jay
Buimojjo} sinoy g pefes passo} pajedldwi
pasedaid Jayiom puodas y ‘Alanodal
Jay Buimojjo} sinoy g{ 0} dn pue ssau|l
a1noe Jay Buunp Jaxylom auo Aq paledaid pejes passo}
MEB|SB|0D puUE PEJES }iNi4 "S}dnbueq pue ‘Me|sa]00 jueine}sal
9861 SHUM sjeledas 994yl 0} padel} ¥eaIqINnO 4N 0 €ec  ‘peles unid |810H 4N BJOSBUUIIN 2861 SNUIIA YeMION
€861 SI9yjo ‘ymoib euajsry
pue yos|yos Joj pamoje aney Aew abelols pjoD ‘spial}
{pooualaalun 8y} az|[1ud) 0} pasn sem ainuew pasodwod epeue)
‘Wwoo pue mey ‘sisolals|| Jo paip pey desys ME|S8]|00 10} ‘enjoog epeue)
slad {000z Jogie4  om} a1aym wJey uo umolb sem abeqgen SOA /1 Ly xiw ajqerebap snolep BAON ‘Blj09S BAON |86 Seusboifoouow -]
9ouaJla}ay sjusawwo) aonpoid syjeag sase) aonpouid anua)  994nos UoIlE207 JB3A uaboyled
wouj JO "ON JO "'ON jo adAL aonpo.ud
palejosj

(abed snoinaid wouy panuipuod)

spejes 10 99n}}3] pue ‘sjnoids paas ‘salIaq ‘suojaw uey} J9Yyjo adnpoid Mmed Y}Mm pPIjeldosse ISeasip aUJoqpoo) JO SHealqino pajiodad jo sajdwexz—g-0 d|qeL

Vol. 2 (Supplement), 2003—COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY 139



IFT/FDA Report on Task Order 3

‘g 0} | S®8|qEL Ul PUNO} OS[e 8le SYB8IQINO 8sdy] :9lON

pauodal Jou ‘YN e

‘uojew mapAsuoy pue ‘ednojeiued
‘uojewlalem ‘eAeded ‘ejddesauid papnjoul

¥66] SI9Ylo sHnJy 1IN0 ysai4 "uolijesedasd Buunp HnJy 1IN0
pue iplemiaH Palind20 UoIBUIWEBIUOD B]]ISSOd 4N 0 L1e< ysei4 diys esinin nemeH 0661 SNJIIA YEMION
000¢ uopmoug wopbury
pue punT 88g “I8|puey poo} pajosiul 4N 0 902¢ UolsN 4N payun /861 SNIIA Y|eMION
000g uopmous "Ja|puey poo S90]eWOo)
pue pun_ } AQ uoneulWERUOD pajoadsng  umouun 0 26 paolq umouxun sesueyIy 661 v siijedeH
‘puey Aq peppaiys
sem aonpeT "seoioeid susibAy
6861 Sloyjo Jood yum Jo|puey Poo} Palodjul Ue SEM pejes
pue AimoT  Yeaiqino ayy Joj 92inos ajqeqoid syl OoN 0 €0l aonye jueinelsay epLol4 9861 V SiiiedaH
"so|qeleban |e
1o 0} pJeoq Bunino awes ayy Buisn
W04} UOIBUIWEBIUOD SSOID 3|qISSOd
‘so|qeleban ay) Bulysem ul pasn Jajem suoluo pue Jauulp
6861 0d0 8|qejod woly UoleUIWEIUOD B|qISSOd 4N 0 L2 adnja yainyo OJIX8|N MEN 686} eipiely
‘a0In[ Jebinquey ((SELERI) dweo
0002 1dSO MEI YliM uoljeulwejuod ssoid dN 0 o€ aonyeT noog auleiy G661  LH:LGLO 00 5
(surewou)
0002 1dSD 8lpuey pooy Aq pajeulweluod A|qissod 4N 0 (¥4 aonyeT umoudun oyep| G661  LH:LSLO /09 3
€661 SshowAuouy
‘G661 leyonag pue "Joaq mel woly wsiuebio yum /H:/S10 /0o
oLesoyY |9 @98  adnojejued Jo UOIBUIWEIUOD 8]qISSOd 4N 0 6 adnojejue) jueinelsey uobalp €661 BIyolIoyosg
"1a|puey pooy
palosjul ue Ag paleulwelu0d SSOID
10 paysem Apadosdwi usaq aney Aew JVEYE) epeue)
8661 PpoL  so|qelebap onjiod e ye paaIss peles 4N 0 x4 peres paisied ‘oueuQ 2661 snliadled
"Ja|puey poo} e AQ UOlBUILIBIUOD 3|qISSOd (uoneroosse
"slowo)sno 0} Buinles e10joq paysem aAISN|oUooUI)
10U pue jueineisal ay} o0} Alaalep suoluo wnased
B866L DAD  ©.0joq paysem Jou 81om SUOIUO USalIL) ON 0 S uaaln sjueinelsay uojbuiysep 1661 wnipuodsojfin
's90IN[ USXDIYD MBI YlIM 80Nn)9)
gq8661+ 0AD JO uoleuIWE.IUOD SSOID 8|qeqold edN 0 Vi aonje jueinejsey euwoyepo 966} unfel o
ealqino ajeniul
0} pajeadde pejes ay] ‘seonoeid epeue)
abeJols pooy Jood pue uonesedasd pooy ela}aes ‘elquinjo) junfef
G861 Ua|Y Buunp uoleUIWEBIUOD SS0IO 8|qISSOd ON 0 0ee peres Auslaniun ysnug y861  J8joeqoiAdwen
ERITEY TR sjuawwo) aosnpoid syjeaq sase) aonpoid anuap uoi}es0 Jeap uaboyjed
wouy jo 'oN jo "ON jo adAL
palejosj|

uonesedaid jeuly Hulnp uoneUIWEIUOD 0} NP a9npodd Med YIIM pajeIdoSSe ISeasIp aulogpoos Jo s)ealqino payiodad jo sajdwexg—e6-0 21qel

140 COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY—Vol. 2 (Supplement), 2003



Chapter lll: Incidence, Growth, and Survival of Pathogens in Fresh and Fresh-Cut Produce
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