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SUMMARY

This document describes a risk profile for strawberries intended
for fresh consumption. Attention is paid to the current production
methods for strawberries, consumption-related issues, including
positive and negative health effects, and contamination with micro-
organisms and pesticide residues. In addition, pre-harvest and
harvesting requirements are described, as well as post-harvest
measures, including decontamination and suitable storage conditions.
Finally, there is a brief overview of existing regulations.

The study reveals that strawberries intended for fresh
consumption have a relatively good safety record.To keep this status
and maintain consumer confidence, it is recommended that codes of
good agricultural practice be used, for which land and water use,
application of organic and inorganic fertilizers, animal exclusion and
pest control are described, together with recommended harvesting
and cooling practices and measures for ensuring worker health and

safety.

INTRODUCTION

The consumption of fresh fruits and
vegetables is increasing because consum-
ers strive to eat healthful and tasty foods.
This applies particularly to strawberries;
however, exact consumption data on
strawberries are scarce. Data from the
United States demonstrate an increase in
production of strawberries from 316 mil-
lion kg in 1970 to 494 million kg in 1993
(5). In that period the consumption of
fresh strawberries increased from 850
gram per capita per year in 1970 to 1,750
grams in 1992 (5). In 2000 the consump-
tion increased to 2,700 grams per capita

(13).

A peer-reviewed article

The consumption of frozen, sliced
strawberries in the United States amounts
to 600 — 700 grams per capita per year
and has not changed significantly over the
past 30 years (5). In The Netherlands, data
are collected by interviewing 100 fami-
lies, selected at random, once every three
years. In 1999, domestic consumption
amounted to 965 grams per person. In
2002 it was 870 grams per person (per-
sonal communication, Commodity Board
for Fruit and Vegetables, The Netherlands).

Although global trade in strawber-
ries is increasing, the availability of the
fruit is still largely seasonal. The price and
consumption level depend largely on
availability.

*Author for correspondence: Phone: 31.30.6944943; Fax: 31.30.6944901

E-mail: notermans@voeding.tno.nl

PRODUCTION METHODS
FOR STRAWBERRIES

Strawberries are adapted to growing
in many different regions. They require
well-drained soil with a high concentra-
tion of organic matter; a pH between 5.0
and 7.0 is optimum. The majority of straw-
berries are produced outdoors, for which
purpose the use of small protective
polythene tunnels is increasing. Indoor
production is mostly carried out in green-
houses made of glass. The use of large
polythene tunnels is a cheap alternative
to the greenhouse.

Outdoor production

Matted row strawberries. The ‘mat-
ted row’ method used by home garden-
ers and by some commercial growers has
been used for many years. Plants are set
out in spring or early summer on bare
ground and allowed to send out runners.
These give rise to daughter plants that also
take root and form a wider ‘matted’ row.
The field is allowed to produce fruit for
2—4 years and is then replanted. The pro-
duction level varies from 6,000 to 8,000
kg per hectare (10,000 m?).

Strawberries grown on plastic. Straw-
berries grow well (and weed-free) through
a mulch of polythene. The great majority
of strawberries are produced by setting
plants out into black plastic in the fall.
Irrigation and some fertilizer are supplied
through a drip tape laid under the plastic
at the time of planting. In late winter and
early spring, the plants start to grow in
earnest. Growers protect the early flow-
ers from late (night) frosts during March
and April by overhead irrigation at night.
Although strawberry plants are perennial,
those cultured in plastic are grown as
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annuals; they are harvested only 7-8
months after planting, and new plants are
set out every year. When flowering is fin-
ished, the plastic is covered with straw,
which protects the berries against con-
tact with sun and soil and avoids mud
splashes during periods of rain. Plant den-
sity is high (100,000 plants per hectare)
and the investment of farmers in the crop
is substantial. Production levels vary from
42,000 to 74,000 kg/hectare.

Plastic culture, first developed in the
mid-1980s, is now widely used and, in
particular, is being adapted for use in
colder areas. Also, the use of small, pro-
tective polythene tunnels is increasing in
the production of plastic-culture strawber-
ries.

Indoor production

Hydroponic indoor production. The
use of methyl bromide as a soil fumigant
for greenhouses has been phased out in
The Netherlands and many other coun-
tries in Europe, including Germany, Swe-
den, Switzerland and Denmark, because
hydroponics (soil-free culturing) has been
developed. This allows strawberries to be
grown successfully in greenhouses on
hanging shelves. Planting densities in
greenhouses have been doubled by the
intelligent use of this system. The hydro-
ponic solution (nutrient-rich water) is
pumped to the plants by means of a
trickle/drip irrigation system. The solution
is re-used after being sterilized.

CONSUMPTION RELATED
MATTERS

The majority of fresh strawberries are
consumed without further processing. At
most, they will be washed gently in tap
water before being eaten. They may be
consumed directly, sometimes in combi-
nation with dairy products, such as yo-
gurt and whipped cream, and they may
also be used as toppings for pies and
desserts.

Quality aspects

An important part of international
trade in strawberries is the quality require-
ments of bodies such as the United Na-
tions Economic Commission for Europe
(UNECE) and the European Commission.
In, for example, the ‘Commission Regula-
tion (EC) No 843/2002 of 21 May 2002,
laying down the marketing standards for
strawberries, and the amending Regula-
tion (EEC) No 899/87, the minimum re-

quirements for strawberries are that they
should be intact, sound (produce not
affected by rotting or deterioration), clean
(practically free from any visible foreign
matter), fresh in appearance (but not
washed), practically free from pests and
from damage caused by pests, and with
the calyx present (except in the case of
wild strawberries). The calyx and the stalk
(if present) must be fresh and green, free
from any abnormal amount of external
moisture, with no foreign smell and/or
taste. The strawberries must have been
picked carefully. They must be sufficiently
developed and display satisfactory ripe-
ness. The development and condition of
the fruit must be such that they can with-
stand transport and handling, and arrive
in a satisfactory condition at their final
destination.

In the above-mentioned regulation,
strawberries are divided into three classes,
differing with respect to brightness, color
and shape that are characteristic of the
variety in question, and aspects related
to quality, shelf life and presentation,
which are degree of bruising, defects in
shape, presence of white patches and
amount of any attached soil.

Consumer data on quality

Consumer data on the identification
of quality attributes and acceptance of
defects are rarely published. The few stud-
ies that have been carried out include in-
vestigations of items dealing with, for
example, flavor and sweetness; the price,
quality relationship; and appearance and
color.

Flavor and sweetness are attributes
that are becoming increasingly important
to the consumer (38). In an Australian
study (45), the mean price/quality rela-
tionship for strawberries was low, sug-
gesting that consumers do not rely on
price as an indication of quality and price
does not predict the level of consump-
tion. Quality criteria mentioned by con-
sumers in this study were odor and bruis-
ing. For a better understanding of the
quality:price relationship, further study is
required. In the design of these studies, it
is recommended that the quality criteria
used be clearly defined. Using quality at-
tributes given by the UM FDA and the
Joint Institute for Food Safety and Applied
Nutrition in Food, quality criteria could
be separated into external features (ap-
pearance, color), other sensory attributes
(odor, taste) and a third category, includ-
ing wholesomeness, nutritive value and
safety (28).

Positive health aspects

Because the health advantages of
horticultural products have been proven
scientifically, authorities of many coun-
tries recommend the consumption of at
least 5 portions of a variety of fruits (such
as strawberries) and vegetables each day
to reduce the risks of cancer and coro-
nary heart disease and many other chronic
diseases. For the program introduced in
the UK, visit the internet page http://
www.doh.gov.uk/fiveaday/index.htm.

Strawberries are low in calories, are
a good source of many bioactive
phytochemicals in the human diet, and
provide nutrients that a healthy body
needs. In addition, they have a good fla-
vor. Strawberries are high in iron and vi-
tamin C and are a good source of folic
acid, fiber, potassium and cancer-fighting
antioxidants. Eight medium-sized straw-
berries provide 20% of the recommended
daily amount of folic acid (44), which
works with vitamins B, and B, in the body
to metabolize homocysteine and bring
blood levels down to a safe range. Ho-
mocysteine contributes to atherosclerotic
plaque formation, which can ultimately
lead to a heart attack. In this way, straw-
berries are a recommended part of a heart-
healthy diet (53).

Antioxidants reduce the oxidation of
low-density lipoprotein which links to
cholesterol to form LDL-cholesterol. It has
been demonstrated that decreased oxida-
tion of LDL-cholesterol greatly diminishes
the development of atherosclerosis (55).
The antioxidant property depends on the
food matrix, as has been shown recently
in studies demonstrating that strawberries
have more antioxidant activity than apple,
apricot, peach or kiwi fruit (48).

It has been claimed that antioxidants
present in strawberries, including
flavanoids, anthocyanidin, ellagic acid and
other phenolic acids that may have also
anti-inflammantory properties, reduce the
risk of developing several forms of can-
cer (http//www.labspec.co.za/l_fruit2.
htm# Strawberry).

Negative health aspects

Hazards associated with fresh pro-
duce include biological, chemical and
physical agents. A general overview of
these hazards that can also be associated
with strawberries is presented in Table 1.

Microbiological pathogens such as
bacteria, parasites and viruses are part of
the environment. Many of them reside in
the intestinal tract of animals and humans.
They can contaminate strawberries
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TABLE |. A general overview of the hazards that can be
associated with fruits and vegetables, including strawberries

(6,7,20,22,29,41,43)

I Microbiological hazards
Bacteria

Parasites

Viruses

Il Chemical hazards
Natural chemical hazards

Extraneous chemical hazards

1l Physical hazards
Foreign bodies

Salmonella

Shigella

Escherichia coli (pathogenic)
Campylobacter

Listeria monocytogenes
Vibrio spp.

Cryptosporidium
Cyclospora
Giardia
Entamoeba
Toxoplasma
Nematodes
Plathelminthes

Hepatitis
Norovirus
Rotavirus
Enterovirus

allergens
mycotoxins
Polychlorinated biphenyls

Agricultural chemicals
- pesticides
- fertilizers

Toxic elements and compounds
- lead
- zinc
- cadmium
- mercury
- arsenic
- cyanide
Other contaminants
- lubricants
- cleaners
- disinfectants
- coatings
- refrigerants
- pest control chemicals
From packaging materials
- plasticizers
- venyl chloride
- adhesives

Filth, foreign matter like soil

through infiltration of sewage waters into
fields, irrigation with contaminated wa-
ter, presence of animals in the field or
use of inappropriately composted organic
fertilizers. Especially during the growing
period, many of these microorganisms can
come into contact with strawberries. This
can also occur during harvest, storage and
handling. Microorganisms with infectious
properties are of special concern because
they are able to cause disease.

Strawberries may also contain haz-
ardous chemical agents. They may be
present naturally (allergens) or be added,
deliberately or inadvertently, during agri-
cultural production, post harvest handling
and other operations. An important source
of contamination is the use of plant pro-
tection agents (pesticides) and fertilizers.

In addition to microbiological and
chemical hazards, strawberries may be
contaminated with filth and other foreign
matter.

A literature survey on the associa-
tion between strawberries and adverse
health effects has demonstrated that dur-
ing the last 10 years, strawberries have
only incidentally been involved in acute
disease outbreaks. In addition to micro-
bial diseases, strawberries might be in-
volved sporadically in allergic reactions,
such as rashes. This information is pre-
sented below.

Disease outbreaks In the period
1998 — 2000, the US Centers for Disease
Control and Prevention (CDC) reported a
total of 1,135 foodborne disease out-
breaks. In 43% of the outbreaks, a sus-
pected vehicle was indicated. For this
same period, a total of 4 outbreaks impli-
cated strawberries as the possible vehicle
(Table 2). In 3 cases the agent was hepa-
titis A virus and in 1 case a Norwalk-like
virus. Water is a very common vector of
these viruses. In one case the outbreak
was caused by frozen sliced strawberries.

In 1997 two large outbreaks of hepa-
titis A associated with consumption of fro-
zen strawberries occurred in the United
States (2, 27).

In an outbreak that occurred in
Canada, the disease agent was the para-
site Cyclospora cayetanensis. The incrimi-
nated food was a mixture of different types
of berries, and uncertainty exists regard-
ing which of the berries were contami-
nated. C. cayetanensis is a human para-
site that can be transmitted to other people
via water contaminated with human
feces. Both food and water may act as
transmission vectors (42, 50).

In the period 1993-1998, the WHO
Surveillance Program for Control of
Foodborne Infections and Intoxications in
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TABLE 2. Strawberryborne outbreaks reported to the
Centers for Disease Control and Prevention with strawberries
as the suspected vehicle (period 1998-2000) (http://www.

cdc.gov/foodborneoutbreaks). Figures for Canada, Australia
and in Europe (period 1993-1998) are also included

Year Etiological agent

Nrill

Suspected vehicle Ref.

US Centers for Disease Control and Prevention (1998-2000)

1998 Hepatitis A

1998 Hepatitis A

1999 Norwalk-like virus
2000 Hepatitis A

Canada (1998-2000)

1999 Cyclospora cayatenensis
Europe (1993-1998)

1997 Hepatitis A

Australia, 2001

2001 S. Typhimurium

29 Frozen strawberries *

4| Strawberries, *
honeydew melon

63 Pasta salad, o
strawberries

8 Strawberries Fokok

94 Blackberries, raspberries,
strawberries 3

> 8000 Frozen creams 46
with strawberries

5 Pastry-filled custard 37

tart topped with
strawberries in jelly

* Internet page: http://www.cdc.gov/foodborneoutbreaks/us_outb/

fbo1998/viral98.htm

** |nternet page: http://www.cdc.gov/foodborneoutbreaks/us_outb/

fbo1999/viral99.htm

**¥ Internet page: http://www.cdc.gov/foodborneoutbreaks/us_outb/

fb02000/viral00.htm

Europe (59) registered a total 22,386 out-
breaks in which the food vehicle was iden-
tified. Fruit, vegetables and spices were
involved in 261 (1.2%) of these outbreaks.
In none of these were strawberries in-
volved. In 1997 there was a large outbreak
of hepatitis A both in the Czech Republic
and in Slovakia (46). This outbreak could
be traced back to the consumption of fro-
zen-moderated strawberries. In Slovakia,
more than 8,000 of the cases were hospi-
talized. It was suspected that the straw-
berry field was irrigated with contaminated
water a few days before the fruit was
picked, washed and frozen.

In Australia, an outbreak of Salmo-
nella Typhimurium was linked to a pastry-
filled custard tart topped with fresh straw-
berries in jelly (37) and five cases were
reported. However, it has not been es-

tablished if the strawberries were the
source of the outbreak.

Sporadic cases. In most countries, it
is mandatory to report outbreaks of
foodborne disease only. As a conse-
quence, there is not much data concerned
with sporadic cases. Some countries (USA,
UK and The Netherlands), however, col-
lect foodborne infection data based on
sentinel studies of the general population.
A comparison of data from The Nether-
lands reported to the authorities and data
collected by sentinel studies reveals that
the large majority (> 90%) of foodborne
diseases are, by definition, sporadic cases
(23). Because of the way strawberries
become contaminated (for example,
through fecal droppings of birds), it might
be expected that many of the disease in-
cidents will be sporadic.

Recalls. Another source of informa-
tion on strawberry-borne diseases is re-
call action. Examination of the ‘recall’
internet sites of the US Food and Drug
Administration (FDA) and Health Canada
for the period 2000-2002 revealed only
two such events.

Recall 1: On April 28, 2000, New
West Foods, in conjunction with the FDA,
initiated a nationwide recall of frozen
strawberries (http://www.fda.gov/oc/po/
firmrecalls/strawberries.html). The recall
was in response to an outbreak of hepa-
titis A in early February among seven labo-
ratory workers at Boston’s Brigham and
Women’s Hospital. Following an investi-
gation by the FDA, ice cream on which
frozen strawberries were served as one
of the toppings, was the most suspected
food. After this recall, many others fol-
lowed, involving frozen strawberry prod-
ucts that were associated with the same
outbreak.

Recall 2: On May 23, 2000, the FDA
announced that Expo Fresh LLC had re-
called fresh strawberries, in bulk card-
board cartons, because the product was
contaminated with Salmonella (http:www.
safetyalerts.com/recall/f/00/460.htm).

Allergies. In allergic reactions, which
are immunologically mediated, IgE plays
an important role. Allergic reactions
caused by strawberries are very rarely
observed and when they are observed,
the symptoms are relatively mild. The al-
lergic reactions from eating strawberries
are usually caused by the small hairs on
the surface of the fruit.

Strawberries are a common cause of
skin rashes, which are common symptoms
in individuals that react to strawberries.
These reactions are not immunologically
mediated and are induced by aromatic and
colored substances found in strawberries
(http//www.labspec.co.za/
I_fruit2. htm#Strawberry).

CONTAMINANTS

Microbiological contamination

A survey of the scientific literature
for microbiological analyses of strawber-
ries revealed that only a small number of
studies have been carried out. In recent
years, there were only two such studies.

In 2000, the FDA surveyed domestic
fresh produce, including strawberries, for
microbiological quality (http://vm.cfsan.
fda.gov/~dms/prodsul0.html). A total of
136 samples of strawberries were investi-
gated for the presence of Salmonella,
Shigella and Escherichia coli O157. Each
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sample consisted of 454 grams which was
rinsed with a buffer solution. The rinse
was tested for the presence of pathogens.
No Salmonella, Shigella or E. coli O157:H7
were detected in any of the samples.

In a follow-up study, 143 samples of
imported strawberries were tested for
the presence of Salmonella, Shigella and
E. coli O157:H7. Only in one sample were
pathogenic organisms detected (http://
vm.cfsan.fda.gov/~dms/prodsu6.html).

Johannessen et al. (28) tested the
microbiological status of 120 samples of
strawberries obtained from Norwegian
markets. Samples were analyzed for
thermotolerant coliform bacteria (an in-
dicator of fecal contamination) and for the
pathogens E. coli O157:H7, Salmonella,
Listeria monocytogenes, Staphylococcus
aureus and Yersinia enterocolica.
Thermotolerant coliform bacteria were
found in only a small proportion of the
samples; Salmonella, Yersinia entero-
colica and E. coli O157 were not found
in any. L. monocytogenes was found in
one sample, while S. aureus was found
more frequently.

Based on the above investigations,
it may be concluded that strawberries are
not often contaminated with human
pathogens. However, the limited numbers
of samples tested do not provide a guar-
antee of safety.

Pesticide residues

In The Netherlands, data are ob-
tained from the pesticide residue moni-
toring program ‘Programme for the qual-
ity of agricultural products’. These data
are available only for the years before
1998. The results are presented in Table
3. Detailed information is available in the
internet site http://library. wur.nl/cgi-bin/
WebQuery/kapgf.

Also presented in Table 3 are data
from the European monitoring program
on pesticide residues in products of plant
(source: http://europa.eu.int/comm/food/
fs/inspections/fnaoi/reports/annual_eu/
monrep_2001_en.pdf).

In 2001, five commodities (strawber-
ries, apples, tomatoes, lettuces and table
grapes) were tested for 36 different pesti-
cides. Residues of pesticides at or below
the Maximal Residue Levels (MRL) were
found most often in table grapes (60%),
followed by strawberries (51%), lettuce
(49%), apples (47%) and tomatoes (33%).
Residues exceeding the MRL were found
most often in lettuce (3.9%) followed by
strawberries (3.3%), table grapes (1.8%),
tomatoes (1.5%) and apples (1.1%).

Chronic exposure assessments dem-
onstrated that Acceptable Daily Intake
(ADI) values were not exceeded for the
pesticide/ strawberry combination. The
finding indicates that there is no acute risk
in this case.

PRE-HARVEST
AND HARVEST

Pre-harvest

Land and water use. Soil is a rich
environment for a variety of microorgan-
isms. The non-pathogenic flora is impor-
tant for the mineralization of plants and
animals after their death, but the tissue-
degrading properties of the microorgan-
isms that contaminate fruits and vegetables
may cause damage to the produce dur-
ing transport and storage. Subsequently,
the products are exposed to further mi-
crobial attack. In addition, soil is a reser-
voir of foodborne pathogens, such as
Bacillus cereus, Clostridium botulinum,
and Clostridium perfringens (35). Listeria
monocytogenes has been isolated from
non-cultivated soil. Pathogenic microorg-
anisms from human/animal reservoirs can
be found in the soil because of irrigation
with contaminated water, fertilization with
manure and sewage sludge, or droppings
of animals in the farming area.

Water is often used for irrigation of
plants. Its quality will vary depending on
whether it is surface water or potable
water. Water may be a source of contami-
nating microorganisms Surface water from
streams and lakes may be contaminated
with pathogenic protozoa, bacteria and
viruses. The occurrence of L. mono-
cytogenes, Salmonella and viruses in
water has been reported (10, 41, 42). The
transfer of foodborne pathogens from
irrigation water to fruits and vegetables
will depend on the irrigation technique
and the nature of the produce being
grown (39). Spray irrigation would be
expected to increase the risk of contami-
nation, in comparison with drip irrigation
or flooding. Leafy vegetables provide large
surfaces for contact with water and for
the attachment of microorganisms.

In hydroponic systems, water is used
for the transport of nutrients into the plant.
Water from sewage plants can be used
for this purpose. However, in the absence
of prior treatment, it may represent a risk
to crop contamination. There is a similar
concern over the use of recycled water.
Recycling of water for agricultural pur-
poses is carried out in several countries,
such as Australia, Germany, Israel, Spain,

The Netherlands and USA (10). The safety
of treated sewage water depends on the
efficacy and reliability of the treatments
used to inactivate pathogens.

Organic fertilizers. Sewage, manure,
slurry, sludge and compost of human and
animal origin are commonly used as or-
ganic fertilizers for fruit and vegetable
production, particularly for organic pro-
duce. The fecal origin of these fertilizers,
however, represents a potential risk of
contamination by viruses, bacteria and
parasites pathogenic to humans.

Members of the family Enterobacte-
riaceae, such as Salmonella, Shigella,
Yersinia, and E. coli, as well as Campylo-
bacterspp. can be found in the intestinal
tracts of a wide range of domestic, wild
and companion animals. In Belgium and
Finland, L. monocytogenes was found in
6.7 to 20% of the fecal samples analyzed
(26, 56), and also in sewage sludge (52).
De Luca et al. (15) found Listeria in sew-
age sludge and concluded that fertilizing
land with this material for vegetable farm-
ing could present potential health risks.
In Italy and The Netherlands, L. mono-
cytogenes has been detected in sewage
treatment-plant effluents (4, 16). In the
UK, in 1992, 1,029,555 tons (dry solids)
of sewage sludge were generated, and
over 460,000 tons of it were applied to
agricultural land (36). Even greater
amounts of farm animal waste are applied
to land. In the UK, some 21 million tons
(dry solids) of farm animal waste are
spread annually on the land (39, 40).

In some foodborne outbreaks linked
to the consumption of raw fruits and veg-
etables, epidemiological investigations
have identified manure as the source
of contamination, as in the case of
L. monocytogenes on cabbage in Canada,
and Salmonella and E. coli O157:H7 on
apples used to make apple juice in the
USA (42, 54). The occurrence of E. coli
0O157:H7 on fresh produce may also
result from field contamination, because
of water run-off from nearby cow
pastures or exposure to droppings from
wild animals (24, 47).

The microbiological processes dur-
ing composting or aeration of manure are
not well understood. Important factors are
the increase in temperature to 50-60°C and
the treatment time. If the composting pro-
cess is managed carefully, it will kill those
foodborne pathogens that do not form
spores (52). However, the adequacy of
existing methods of composting and the
relevant regulations need to be reviewed
(53). In general, increasing the delay be-
tween the application of organic fertiliz-

734 FOOD PROTECTION TRENDS

| OCTOBER 2004



TABLE 3. Pesticide residue levels for (1) Dutch strawberries (domestic and imported) and (2)

strawberries monitored in the European monitoring program for pesticide residues in products of
plant origin (see for source under pesticide residues)

(1) Dutch strawberries (domestic and imported)

Year The Netherlands
Domestic Imported
Nr. of No Residue Residue Nr. of No Residue Residue
samples residue < MRL' > MRL samples Residue < MRL' >MRL
1993 381 30% 67% 2.9% 51 28% 55% 17.7%
1994 493 38% 53% 8.1% 87 17% 72% 10.3%
1995 547 48% 48% 4.0% 97 19% 71% 10.3%
1996 697 33% 64% 2.6% 60 30% 47% 23.3%
1997 900 47% 51% 3.3% 89 23% 63% 14.6%
(2) European strawberries
Year Commodities European Union
Nr. of No Residue Residue
samples residue < MRL > MRL
2001  Strawberries 1652 46% 51% 3.3%
2001  Strawberries, apples, tomatoes, lettuces, table grapes 9868 51% 47% 2.2%
2000  Strawberries, apples, tomatoes, lettuces, table grapes 3737 80% 17% 2.7%
1999  Strawberries, apples, tomatoes, lettuces, table grapes 4707 69% 22% 8.7%
1998  Strawberries, apples, tomatoes, lettuces, table grapes 3836 66% 32% 2.0%
1997  Strawberries, apples, tomatoes, lettuces, table grapes 6021 65% 34% 1.1%

ers and harvest could reduce the occur-
rence of foodborne pathogens on fruits
and vegetables. More evidence is needed
to establish the minimum delay necessary
for pathogens to be completely elimi-
nated.

Usually, vegetative pathogenic bac-
teria and viruses decline in numbers
within a few days of their introduction
into the soil (17, 22, 51, 56, 58) or pres-
ence on plant surfaces (32, 43) although
they may survive (in low numbers) for
several weeks or months (1, 9, 17, 58).
Survival in the soil is influenced by sev-
eral factors, e.g. soil type, humidity, tem-
perature and competing microflora (7, 17,
51). E. coli O157:H7 has been found to
survive in bovine and ovine manure for
periods from several weeks up to 12
months, depending on environmental
conditions (21, 33).

Plant protection products. Chemical
biocides are generally used to protect
plants against pests and disease agents.
Even though substances authorized for
this purpose have undergone extensive
safety evaluations, there is consumer con-
cern about their need and safety. These
substances are not authorized for use in
organic production of fruits and vegetables
and this has stimulated the development
of alternative control methods based on
microorganisms or their metabolites. A
wide range of microorganisms are used
in biological control, including members
of Bacillaceae, Micrococcaceae, Strep-
tomyces, Trichoderma, fungi, viruses, Lac-
tobacillaceae, and the Pseudomonas
group (31). Strains of Bacillus thur-
ingiensis, or its bioactive crystalline pro-
tein, have been used for the control of
insects (57). B. thuringiensis is also per-

mitted in organic production of fruits and
vegetables, and the gene for the active
protein has been inserted into GM-plants
for insect control. The genomic structure
of B. thuringiensis is similar to that of
Bacillus cereus, and discrimination be-
tween these organisms is largely based
on the possession by B. thuringiensis of
the crystalline protein. B. thuringiensis
strains used for pest control have been
found to express an enterotoxin similar
to that of B.cereus (14).

Viruses also have a long tradition for
controlling pests and mites. A well-known
example is the use of Baculo viruses
against arthropods (25).

Antibiotic substances such as
kasugamycin, octhilinone, oxytetracycline,
validamycin, polyoxin, and streptomycin
are used for plant protection in some
countries. The emerging risk related to
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this practice was discussed in an opinion
of the EU Scientific Steering Committee
on antibiotic resistance (49). Their advice
was not to use antibiotics as plant pro-
duction agents.

Harvest

Strawberries are mainly harvested by
manual picking. However, mechanical
picking has been considered. For ex-
ample, a mechanical harvester for straw-
berries was developed in Sweden be-
tween 1986 and 1990 (http://
www.actahort.org/books/348/
348_35.htm). The harvester was based on
experience of similar harvesters in the
United States and Canada. The entire plant
is cut at ground level and the leaves are
removed inside the machine with the help
of cross-flow fans. In a second step, the
clusters of fruit become separated when
the stems are raised in an air flow and
hedgers cut them off. The harvester is
designed to work in solid-bed plantations.
In commercial trials, ten tons of fruit per
hectare have been harvested. In some
years, it has been possible to harvest 80%
of the ripe fruit. The development of gray-
mold fruit rots affects the quality and
quantity of fruit harvested. In dry years, it
has been possible to start harvest more
than ten days after the primary berries are
ripe. The harvested product can then be
used for juice with no further sorting. Pro-
cessors of quality products prefer the un-
ripe berries to be removed. For jam or
similar products, it is necessary to decap
the berries. At this time, mechanical
decapping is not practiced.

Fruits and vegetables can become
contaminated with pathogenic microor-
ganisms during harvesting through fecal
material, human handling, harvesting
equipment, transport containers, wild and
domestic animals, air, transport vehicles,
ice or water (6). In an investigation of
several foodborne illnesses associated
with fresh produce (NACMCF, 1999a),
agricultural workers were often the most
likely source of contamination. Lack of
suitable sanitary hand-washing facilities
in the production area can create a po-
tential hygienic problem. This appears to
be particularly important in the transmis-
sion of enteric viruses, such as hepatitis
virus. Beuchat (6, 7) referred to outbreaks
of illness due to Shigella flexneri and
hepatitis A, which could be traced to in-
fected people working in the fields or the
packaging facility.

Harvesting at the appropriate time
and keeping the harvested product un-
der controlled environmental conditions

will help retard growth of post-harvest
spoilage organisms and pathogens.

POST-HARVEST MEASURES

Post-harvest treatment of fruits and
vegetables includes handling, storage,
transportation and cleaning. During these
practices, conditions may arise that lead
to cross contamination of the produce
from other agricultural materials or from
the workers. Environmental conditions
and transportation time will also influence
the hygienic quality of the produce prior
to processing or consumption.

Poor handling can damage fresh pro-
duce, rendering the product susceptible
to the growth and/or survival of spoilage
and pathogenic microorganisms. This
damage can also occur during packaging
and transport. The presence of cut and
damaged surfaces provides an opportu-
nity for microbial contamination and
growth, as well as ingress of microbes into
plant tissues (20).

Decontamination

Strawberries are characterized by a
very short post-harvest life because of
fungal decay and deterioration in appear-
ance and texture. In order to prolong post-
harvest shelf life and the quality of these
fruits, several decontamination techniques
have been tested. They include washing
with a solution containing disinfectants,
gamma irradiation and modified atmo-
sphere packaging.

Natural survival. Survival of Escheri-
chia coli O157:H7 was studied on straw-
berries, together with the effect of wash-
ing with disinfectants (30). Strains inocu-
lated onto the surfaces of strawberries did
not multiply during subsequent storage
at ambient temperatures. Actually, a small
decrease in numbers was observed.

To ascertain the potential for patho-
genic enteric viruses to survive on straw-
berries, the fruit was inoculated with po-
liovirus and tested for survival (34). It took
a storage period of up 8.4 days before a
one-log, reduction was observed.

Disinfectants. Dipping of inoculated
strawberries in water alone reduced the
levels of pathogens by approximately 0.8
log,, units. None of the disinfectant com-
pounds used (NaOCl, acetic acid, Na,PO,
and H,0,) reduced the numbers of E. coli
O157:H7 by more than 2 log,, units (30).

El-Ghaouth et al. (78) studied the
effect of chitosan coating. Strawberries
were inoculated with a mixture of spores
of Botrytis cinerea and Rbizopus stolonifer
and then coated with chitosan solution

(10 and 15 mg/ml respectively). After stor-
age for 14 days at 13°C, the coating mark-
edly reduced decay by both mold spe-
cies. It was concluded that the reduction
in decay was related to the fungistatic
properties of chitosan.

Irradiation. Brecht et al. (8) investi-
gated the effects of gamma irradiation (100
and 200 krad). Irradiation did not influ-
ence the color of strawberries. Treatment
delayed decay by Rbizopus and Botrytis
molds, but resulted in a clear softening of
the fruit.

Modified atmosphere packaging
Modified atmosphere packaging (MAP)
(7% O, and 20% CO,) did not influence
the color of strawberries. However, there
was little delay in spoilage by several
strawberry pathogens (8). The effects of
different atmospheres (low O, and high
CO,) on biological changes and growth
of fungal pathogens were also studied by
Chambroy and colleagues (71). At 20°C,
control of fungal development was im-
possible, regardless of the composition of
the surrounding atmosphere. At 10°C and
with CO, concentrations of >10%, a re-
duction in the development of mold de-
cay was observed. Under these conditions,
the strawberries had a better appearance
and firmer texture.

Despite all the attempts made to
decontaminate strawberries, no practical
control measure has been devised. One
of the main reasons is that strawberries
are so sensitive to damage during treat-
ments such as washing and irradiation.
There is also a consumer preference for
‘natural’ produce that has received mini-
mal treatment. This means that Good
Agricultural Practice (GAP) must be the
main factor in controlling contamination.
Cooling of the fruit is actually the only
acceptable means of increasing shelf life.

Cooling

Immediately after harvest, strawber-
ries must be chilled by forced-air cooling
to a temperature of 7°C or less. Hydro-
cooling (flooding them with chilled
water) is not recommended because wet
berries are much more susceptible to
decay. Cooling with crushed or ‘liquid’
ice would be even worse because, in this
case, the berries are likely to sustain physi-
cal damage.

It is never sufficient simply to place
the packaged strawberries in a chill room
and allow them to cool gradually. For
palletized loads, the cooling process
would take too long, so that fruits at the
center of the pallet would not be ad-
equately cooled and would start to de-
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cay. Without forced movement of the cool-
ing air, the heat from plant respiration
would destroy the fruit.

LAWS AND REGULATIONS

Codex Alimentarius. Good Hy-
gienic Practice (GHP) as defined in the
Codex document on “General Principles
of Food Hygiene,” in combination with
HACCP, as the basis for safe food pro-
duction (12). A code of “Hygienic Prac-
tices for Fresh Fruits and Vegetables” in-
cluding an Annex on “Ready-to-Eat Fresh
Pre-cut Fruits and Vegetables” has been
elaborated by the Codex Alimentarius
Committee on Food Hygiene.

The Codes were initiated in response
to the growing concern about fresh fruits
and vegetables being a possible source
of foodborne pathogens. They address
Good Agricultural Practices (GAP) and
Good Manufacturing Practices (GMP) that
will help to control microbial, chemical
and physical hazards at all stages of the
production of fresh fruits and vegetables,
from primary production to packing. The
following areas are acknowledged to be
important in connection with microbial
safety: environmental hygiene, hygienic
production (water, manure, soil, agricul-
tural chemicals, biological control, indoor
facilities and personal hygiene), handling,
storage, transport, cleaning, maintenance
and sanitation.

The draft code follows the format of
the Codex code on General Principles of
Food Hygiene. It addresses hazards to be
managed by the producer according to
GAP and GMP. It does not generally de-
fine measures to be taken or criteria to
be observed.

Food and Drug Administration
(FDA) and United States Department
of Agriculture (USDA). As guidance for
the US industry (19), the FDA and USDA
define procedures to be followed with
respect to microbial food safety hazards
and good agricultural and management
practices common to growing, packaging
and transport of fruits and vegetables. The
guide focuses on the quality of water used
for different purposes, manure and mu-
nicipal biosolids, worker health and hy-
giene, field sanitation, packaging-facility
sanitation, transportation and traceability.

European Union (EU). The Euro-
pean Commission has produced several
directives, regulations and recommenda-
tions related to the production and con-
sumption of fresh strawberries. They in-
clude:

e Pesticide residues in food-

stuffs of animal origin: Coun-
cil Directive 86/363/EEC, Official

Journal No L 221, 07/08/1986 p.
0043 — 0047

¢ Fixed maximum levels for pes-
ticide residues in and on prod-
ucts of plant origin: Council
Directives 86/362/EEC, Official
Journal No. L 221, 07/08/1986
p- 0037 — 0042 Amended Council
Directives 90/642/EEC, Official
Journal No. L 350, 14/12/1990 p.
0071 — 0079

e Inspections and monitoring:
Council Directive 89/397/EEC,
Official Journal No. L 186, 30/06/
1989 p. 0023 — 0026

¢ Additional measures concern-
ing the official control of food-
stuffs: Council Directive 93/99/
EC, Official Journal No. L 290, 24/
11/1993 p. 0014 — 0017

e Sampling: Commission Directive
79/700/EEC, Official Journal No.
L 207, 15/08/1979 p. 0026 — 0028

¢ Specific EU coordinated moni-
toring programme: Commis-
sion Recommendation 2001/42/
EC, Official Journal No. L 11, 16/
01/2001 p. 0040 — 0045

¢ Requirement of Member States
to report to the Commission
the results of the monitoring
programme for pesticide resi-
dues carried out: Article 7 of
Council Directive 86/362/EEC and
Article 4 of Council Directive 90/
642/EEC, as amended by Coun-
cil Directive 97/41/EC, Official
Journal No. L 184, 12/07/1997
p. 0033 — 0049

¢ Detailed implementing rules
for the monitoring provisions:
Commission Regulation (EC) No.
645/2000, of 28 March 2000, Of-
ficial Journal No. L 78, 29/03/
2000, p. 0007 — 0009

e Laying down the marketing
standard for strawberries and
amending Regulation (EEC)
No 899/87: Commission Regula-
tion (EC) No. 834/2002 of May
21, 2002, Official Journal No. L
134,24 22/05/2000, p. 0024 —
0028.

CONCLUSIONS

The results of this risk profile reveals
that strawberries have a healthful image
and are appreciated by consumers. The
consumption rate of strawberries contin-
ues to rise. The results also indicate that
strawberries intended for fresh consump-
tion have a relatively good safety record.

Only a few strawberry-related outbreaks
have been reported, and most of them
are associated with consumption of fro-
zen strawberries. Nevertheless, the qual-
ity and consumer aspects need attention
and further studies are required.

Monitoring data for pesticide residues
show that the majority of strawberries
tested do not contain detectable residues.
Only a small percentage exceed the Maxi-
mum legally permissible Residue Level
(MRL). Acceptable Daily Intakes (ADI)
values were not exceeded, indicating that
there is no acute risk.

Microbiological examination of fresh
strawberries reveals that pathogenic in-
fectious organisms are rarely present.
Nevertheless, in various stages of the pro-
duction process of strawberries, contami-
nation with pathogenic microorganisms
may occur. Because no practical decon-
tamination methodologies are available,
attention needs to be paid to preventing
contamination. Therefore, it is recom-
mended that well-developed codes of
good agricultural practices be used, in
which land and water use, application of
organic and inorganic fertilizers, and ani-
mal and pest control are described, to-
gether with recommended harvesting and
cooling practices and measures for en-
suring worker health and safety.
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