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Preface

Fruits and fruit-based products are, in most cases, associated with very good sen-
sory characteristics, health, well-being, and perishability and are relatively easy to
mix with food products of diverse origin and amenable to be processed by conven-
tional and novel technologies. Given the multiplicity of aspects whenever fruit
preservation is considered, we took the challenge of covering in a thorough, com-
prehensive manner most aspects dealing with this topic.

To accomplish our goals, we invited well-known colleagues with expertise in
specific disciplines associated with fruit preservation to contribute chapters to this
book. Eighteen chapters were assembled in a sequence that would facilitate, like
building blocks, to have at the same time, a bird’s-eye view and an in-depth cover-
age of traditional and novel technologies to preserve fruits.

Even though processing took center stage in this book, ample space was dedi-
cated to other relevant and timely topics on fruit preservation such as safety, con-
sumer perception, sensory and health aspects. A brief summary of each chapter is
provided in the following paragraphs.

Chapter 1 is centered on consumer perceptions of fruit products manufactured
using novel technologies and how to increase consumer acceptance of these prod-
ucts. Among other topics, relevance is given to the processes involved in the forma-
tion of consumer attitudes towards new technologies, factors that influence these
attitudes, strategies to change them, and the need to increase consumers’ awareness
and knowledge about new food processing technologies.

Chapter 2 addresses fruit and fruit products safety issues in terms of microbial
contamination by the main pathogenic microorganisms as well as those contributing
to product deterioration. Control measures that should be taken to prevent high lev-
els of contamination of these undesirable microorganisms are also included.

Chapter 3 focuses on why the consumption of fruit products is widely recom-
mended, i.e., rich source of micronutrients like vitamins; bioactive phytochemicals
such as carotenoids, flavonoids. Quality changes of these valuable fruit components
due to processing and storage are discussed, mainly those related to vitamin C,
carotenoids, flavonoids, and folates.
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In order to significantly reduce undesirable changes due to processing and over-
processing, minimal processing of foods is receiving considerable attention in the
last few years. This approach, as applied to fruits, is presented and discussed in
Chap. 4. Special attention is given to disinfection techniques followed by careful
handling of the fruits to extend their shelf lives while keeping their freshness.

Chapter 5 covers in depth the combination of two or more technologies to treat
fruits and fruit-based products, i.e., the use of the hurdle technology approach in this
kind of products. This comprehensive chapter starts highlighting and justifying the
increasing demand for fresh-like, minimally processed foods. This section is fol-
lowed by an exhaustive analysis of the hurdle concept which exploits synergistic
and additive interactions between sublethal stress factors to warrant safety and qual-
ity while reducing energy input and treatment intensity. Then, the most used hurdle
combinations are presented, discussed, and summarized in a number of tables. High
pressure, pulsed electric fields, ultraviolet, and high power ultrasound are some of
the technologies that are combined.

Chapter 6 presents a thorough, in-depth review of a number of strategies to
extend the shelf life of fruits and food products by exposing them to different tem-
peratures. The authors are giving relevance to below room temperatures, i.e., cool-
ing and freezing, but they are also covering controlled and modified atmosphere;
selected thermal treatments, UV-C irradiation. All aspects of freezing are covered
with great degree of detail including ice formation, fruit quality changes (during
freezing and storage), and available equipment.

Chapter 7 covers systematically and in great detail different approaches to ther-
mally dry fruits and food products. The author describes in a masterful way the
fundamentals of a number of drying approaches and later on presents a good num-
ber of relevant applications which include two comprehensive tables and many
meaningful illustrations.

Chapter 8 is devoted to reviewing in great detail the fundamentals and applica-
tions of the processing of fruit juices by membrane technologies. It includes a very
extensive description of the best known ones like microfiltration, ultrafiltration,
nanofiltration, reverse osmosis, electrodialysis, and pervaporation to later on empha-
size those that are applicable to fruit juices, indicating which ones are in use and
those that could be used in the near future. This chapter includes numerous and very
useful tables summarizing and highlighting a number of relevant aspects in the
usage of these technologies as applied to fruit juices.

Chapter 9 is devoted to analyze factors that need to be taking into account to
develop reliable decision-making tools that will lead to optimize the modified atmo-
sphere packaging (MAP) of fruits and food products. These tools need to take into
account the needs of the produce as well as constraints and wishes of the stakehold-
ers such as biodegradability of the packaging material and costs. The authors pres-
ent in detail one of those tools that rely on the creation of a database on fresh fruits
(optimal storage conditions, respiration, transpiration, etc.) to feed mathematical
models in the MAP optimization step and a database on packaging materials (gases
and vapor transfer rates, permeance, permeability, etc.) that are coupled with stake-
holder’s requests. The chapter includes how to construct the databases, how to
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optimize MAP, and what computing and statistical methods are needed to process
all the gathered information.

Chapter 10 is an in-depth review of the most popular frying of foods approaches
including classic frying, deep-fat frying, and vacuum frying. Special attention is
given to snack manufacturing, oil absorption kinetics, effect of processing condi-
tions on food and oil quality, acrylamide formation, structure and sensory character-
istics of fried products, and industrial equipment. Many examples of a variety of
fried foods including fruits and vegetables are presented and analyzed. Similar
products fried by different techniques are compared in terms of overall quality.

Chapter 11 is focused on the use of ultrasound, more specifically on power ultra-
sound (20-100 kHz) which has different applications to high-frequency ultrasound
(20-100 MHz). The latter is used for nondestructive inspection and identification of
food composition. The first part of this chapter is dedicated to presenting how ultra-
sound is generated and why it is an effective technique suitable for preservation. It
is followed by sections detailing how it is used in juice processing, surface decon-
tamination, postharvest quality enhancement, as a drying aid, extraction of selected
and valuable compounds, blanching, and pest control. The combination of ultra-
sound with thermal and moderate pressures is also described and analyzed.

Chapter 12 deals with vacuum impregnation, a very challenging and good alter-
native to preserve fruits, to enhance nutritional value, and to develop creative fruit-
based products. Among the topics covered, there is an analysis of the mass transfer
taking place in this process, which includes the role of the physical properties and
characteristics of the fruits as well as processing pressure and temperature. The
incorporation of a number of impregnants such as salts, sugars, minerals, phenolic
compounds, vitamins, and microorganisms and their impact on the treated fruits is
thoroughly discussed.

Chapter 13 is devoted to high pressure processing (HPP) of fruits and fruit prod-
ucts, a technology that is receiving significant attention from the food industry to
offer high-quality products. To the best of our knowledge, this chapter is one of the
most comprehensive review on the subject. It includes a brief racconto on high pres-
sure since it was introduced in 1898 as a possible technology to process foods fol-
lowed by a thorough description of the most common HHP equipment used at the
industrial level. Then, there is an extensive review on how HPP is used to preserve
a number of fruit products such as fresh-cut, dried fruits, juices, nectars, pastes, and
purées. Finally, there is an exhaustive analysis of the effects of HPP on selected
microorganisms, enzymes, and bioactive compounds.

The safety and quality of irradiated fruits and vegetables is the subject of Chap.
14. Trradiation is a controversial technology which is gaining acceptance in some
parts of the world. The three most used technologies—Electron Beam, Gamma Ray,
and X-ray—are extensively covered providing an excellent picture of where this
technology currently stands. Applications, advantages and disadvantages, and treat-
ment dose ranges for a number of fruits and vegetables are listed into very compre-
hensive tables. Other topics covered include the mode of operation, shelf life
extension, sensory aspects, regulations, and packaging.
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Chapter 15 is dedicated to the use of microwaves to treat fruits and fruit products
in a number of unit operations such as blanching, drying, and thermal processing.
At the beginning, the authors cover in great detail the fundamentals of this technol-
ogy and its advantages and disadvantages, and they include as well the dielectric
properties of a great number of fruits. At the end, there are case studies on selected
fruits treated by this very promising technology which is rapidly growing where
applications such as pasteurization and sterilization are taking center stage.

Ohmic heating and pulsed electric fields are two technologies that have been
adopted by the food industry for some very relevant applications. At the same time,
R&D efforts to facilitate implementation at large scale are quite intense. The funda-
mentals of these two technologies and their use in the processing of fruits are the
subject of Chap. 16. The current status of ohmic heating and pulsed electric fields,
advantages and disadvantages of these technologies, as well as potential new appli-
cations to treat fruits are thoroughly discussed.

Chapter 17 deals with continuous and pulsed UV light for processing fresh fruits
and fruit products. Fundamentals and features of UV light generation, propagation,
and evaluation of UV light parameters are reviewed as well as the latest applica-
tions. Good part of the chapter is dedicated to analyzing the effects of UV light on
the survival of pathogenic and spoilage microorganisms that are typically present in
fruits.

Chapter 18 describes and analyzes how ozone can be applied at almost any step
in the fruit supply chain. The authors state that in addition to improving fruit safety
and extending product shelf life, ozone treatments may also be selected to enhance
the nutritional quality of fruits as well as remove residues of pesticides. They also
mention that the potential benefits of ozone in fruit processing seem very promising;
therefore, the adoption of ozone is likely to continue growing within the fresh fruit
industry. This chapter depicts in detail the state of the art of ozone as applied to fruit
processing covering a vast number of aspects such as when and how to apply it and
how it could be used in the fruit supply chain. The application of this technology in
a variety of fruits such as pomes, berries, melons, oranges, tangerines, kiwi fruit,
and figs is meticulously analyzed.

Fruit Preservation will serve as an excellent text or reference book to graduate
and undergraduate students to learn the state of the art of this challenging, relevant
topic. At the same time, since the book covers a vast area of research, development,
and applications, it will also serve as a good reference to food industry professionals
and practitioners, in particular to those involved in the processing of fruits and fruit
products. The book will be equally important to food safety specialists and process
authorities in both the government and food industry. Moreover, it will be a valuable
reference for authorities involved in the import and export of fruits and fruit
products.

The editors are very thankful to the 49 authors for sharing their expertise, experi-
ence, and vision to come up with very valuable chapters to make the whole book
project an excellent reference on Fruit Preservation. The editors are aware of some
overlaps between a few chapters, and this is inevitable in a book of this magnitude,
but this will help to visualize basic concepts from different angles for the benefit of
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the readers in this rapidly evolving field. Gratitude is also extended to all the
reviewers who contribute their time and expertise to make better each chapter.

We hope this book will become a worthy addition to the body of knowledge on
Fruit Preservation and readers will find in it balanced, systematic, and harmonized
information.

Rio de Janeiro, RJ, Brazil Amauri Rosenthal
Rio de Janeiro, RJ, Brazil Rosires Deliza
Monterrey, México Jorge Welti-Chanes

Pullman, WA, USA Gustavo V. Barbosa-Céanovas
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Chapter 1
Consumer Perception of Novel
Technologies

Rosires Deliza and Gaston Ares

1.1 Introduction

Consumption of fruits is recommended as part of a healthy diet and has been
associated with positive health effects, such as decreased risk of heart diseases and
some types of cancer (FAO/WHO 2004; Habauzit et al. 2013; Wang et al. 2011;
Wooton-Beard and Ryan 2011). However, consumption of these products is still
below recommendations (Pomerleau et al. 2004; Shaikh et al. 2008; World Health
Organization 2003). Lack of availability, effort of preparation, price, quality dete-
rioration in the supply chain, as well as pesticide residues are among the barriers for
fruit consumption (Yeh et al. 2010, 85-98; Williams and Hammit 2001). In this
context, the fruit industry faces opportunities for the development of new products
that address consumer concerns and meet their demands, which can also help to
differentiate products in a highly competitive marketplace (Jaeger et al. 2011).

New technologies provide the fruit sector opportunities for the development of
new products that meet consumer demands (Onwezen and Bartels 2011). These
technologies have several advantages over conventional thermal processes, provid-
ing safer, healthier, and more nutritious food, with a minimal modification of their
sensory characteristics, while using less energy, water, and chemicals and produc-
ing less waste (Knorr 1999). However, these advantages do not assure consumer
acceptance, which is the main determinant of the success of new technologies
(Siegrist 2008).

R. Deliza (P)
Embrapa Agroindustria de Alimentos, Rio de Janeiro, RJ, Brazil
e-mail: rosires.deliza@embrapa.br

G. Ares
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Food choice is a complex phenomenon, which depends on several interrelated
factors (Koster 2009). Food not only provide the necessary nutrients but are part of
a wider psychological, social, and cultural setting (Rozin 2005). Consumer deci-
sions on what food to eat depend on characteristics of the food product (sensory and
non-sensory characteristics), characteristics of the person making the choice (physi-
ology, attitudes, experiences, knowledge, etc.), and characteristics of the context in
which the choice is made (place, time, social context, culture, etc.) (Furst et al.
1996). For this reason, consumer acceptance of new technologies is far from being
unconditional, being dependent on a wide range of interrelated factors.

Throughout history, consumers have been suspicious about several new food
technologies, being reluctant to accept canned, irradiated, and genetically modified
food when first introduced to the marketplace (Young 2003). Consumers reject new
technologies for different reasons, including safety, ethical, and environmental con-
cerns (Ronteltap et al. 2007).

Lack of insight into consumer perception has been identified as one of the main
determinants of the high failure rate of a large proportion of the new food products
launched into the market and their withdrawal within short times (Stewart-Knox
and Mitchell 2003; van Trijp and Steenkamp 2005, 87-124). Therefore, under-
standing consumer perception of new technologies is crucial for their success, as it
can contribute to the identification of potential barriers to consumer acceptance and
the design of strategies to encourage their adoption (Ronteltap et al. 2007).

In this context, the aims of the present chapter are to provide an overview of the
main determinants of consumer perception of fruit products manufactured using
new technologies and to discuss strategies to increase consumer awareness and
acceptance of these products.

1.2 Consumer Attitudes Towards New Technologies

According to the theory of planned behavior, given availability of opportunities and
resources, people’s decision to perform a behavior is determined by their intentions
(i.e., how much effort they are willing to invest to perform such behavior) and their
perceived behavioral control (people’s perception of how easy it would be for them
to perform the behavior) (Ajzen 1988, 1991).

Intentions are determined by attitudes, subjective norms, and perceived behav-
ioral control (Ajzen and Madden 1986). Attitudes are related to the degree to which
people have positive or negative appraisals of the behavior, whereas subjective
norms refer to perceived social pressure to perform or avoid the behavior (Ajzen
1988). The more positive the attitudes and subjective norms towards a behavior, the
stronger will be a person’s intention to perform that particular behavior. A graphical
representation of the theory of planned behavior is shown in Fig. 1.1.

Several studies have relied on the theory of planned behavior to understand con-
sumer acceptance of new technologies (Bredahl 2001; Frewer et al. 1997; Olsen
et al. 2010; Siegrist 2000). These studies have shown that consumer willingness to
accept new food technologies is strongly influenced by their attitudes.
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Fig. 1.1 Graphical representation of the theory of planned behavior (adapted from Ajzen 1991)
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Fig. 1.2 Schematic representation of the processes involved in the formation of attitudes towards
new technologies

Attitudes are formed through the evaluation of available information using both
existing schemas stored in long-term memory and schemas created from contextu-
alization of information (Greehy et al. 2013). Two main processes, which are simul-
taneous and not mutually exclusive, have been identified: bottom-up and top-down
(Eagly and Chaiken 1993; Scholderer and Frewer 2003). Figure 1.2 presents a sum-
mary of the characteristics that have been reported to determine attitudes towards
new technologies through bottom-up and top-down processes.

Bottom-up processes imply that attitudes towards new technologies are formed
through a cognitive and affective evaluation of their characteristics (Fishbein 1963).
Consumers use their prior knowledge and available information to estimate the ben-
efits and negative consequences of new technologies, considering how they differ
from conventional production methods (Grunert et al. 2004b). Although new tech-
nologies have several different characteristics, only a limited number of benefits and
potential consequences are salient in determining people’s attitudes (Miller 1956).
Thus, consumers perform a weighted evaluation of these salient characteristics to



4 R. Deliza and G. Ares

form their attitudes (Ajzen and Fishbein 1970; Fishbein 1963). Therefore, consum-
ers will hold positive attitudes towards new technologies if they are mainly associ-
ated with benefits and positive consequences, and negative attitudes if they are
associated with negative or undesirable consequences (Ajzen 1991).

Three main benefits have been regarded as relevant for the formation of attitudes
towards new technologies: health, sensory, and environmental issues (Cardello 2003;
Cardello et al. 2007; Olsen et al. 2011; Onwezen and Bartels 2011; Sonne et al. 2010).

One of the most relevant benefits of new technologies, such as high-pressure
processing (HPP) and pulsed electric fields (PEF), is that they preserve the prod-
ucts’ nutritional value, particularly their vitamin content (Nielsen et al. 2009; Sonne
et al. 2010). The fact that products are manufactured with HPP and do not contain
added preservatives also contributes to healthfulness perception (Deliza et al. 2005;
Sonne et al. 2010). According to Butz et al. (2003), European consumers may be
willing to buy products manufactured with new technologies if they have an associ-
ated health benefit. Laboissiere et al. (2007b) also reported that Brazilian consumers
expected to like more a passion fruit juice when the information on preserving the
vitamins and maintaining fresh-fruit like flavor of the product were presented on the
package. Similarly, Abadio-Finco et al. (2010) found that consumers stated a higher
intention to purchase for pineapple juice processed by HPP when the package con-
tained the following claim: Nutritious and with more flavor. The high pressure tech-
nology keeps the flavor and preserves the vitamins.

These above-mentioned results are in accordance with the fact that consumers have
also highlighted the sensory characteristics of the products as a major benefit of new
technologies (Cardello et al. 2007). Sonne et al. (2010) reported that consumers imag-
ined that HPP and PEF fruit juices would taste like fresh fruits, which led to more
enjoyment and contributed to having more pleasure in life. According to Nielsen et al.
(2009), sensory quality is a key determinant of consumer acceptance and commercial
marketability of food products manufactured using new technologies. In this sense,
several tropical fruit juices such as pineapple, pitanga (Brazilian cherry, Eugenia uni-
flora L.), passion fruit, mango, papaya, and yellow mombin (Spondias mombin L.), all
of them processed by HPP, were evaluated by Brazilian consumers and achieved
higher liking scores than their thermally treated counterparts (commercial products
available in the market) (Barros et al. 2007; Ferreira 2013; Laboissiere et al. 2007a;
Pontes et al. 2008; Shinagawa et al. 2013; Tiburski et al. 2009). Besides, the sensory
description of the pressurized juices revealed products with characteristics closer to
the fresh fruits, suggesting that this particular attribute has driven consumer liking.
Figure 1.3 shows an example of these findings. Six pineapple juices were considered:
four thermally processed commercial brands available in the market (C, D, E, F), one
pressurized (HHP), and one from the “in natura” pulp (IN). The juices were evaluated
by a trained panel using Quantitative Descriptive Analysis, i.e., the assessors evaluated
the intensity of a series of sensory attributes using scales. Data were analyzed using
Principal Component Analysis (PCA) on the average scores of the evaluated attri-
butes. Results revealed that the sensory characteristics of samples IN and HHP were
similar, as they are close in the first two principal components of the PCA (Fig. 1.3a).
They were mainly characterized by the sensory attributes that were correlated with the
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Fig. 1.3 Quantitative descriptive analysis of pineapple juices with different processing conditions.
Results of the principal component analysis (PCA) performed on average scores for the evaluated
sensory attributes. (a) Representation of the samples; and (b) Sensory attributes in the first two
principal components of the PCA. IN: in natura pineapple juice, HHP: pressurized pineapple
juice, C — F: thermally treated commercial juices (Barros et al. 2007)
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first principal component of the PCA: natural pineapple juice flavor, aroma, and color
(Fig. 1.3b). On the other hand, the thermally processed juices C, E and F, located at
negative values of the first principal component (Fig. 1.3a), were characterized by
their sour taste, sour aroma, artificial pineapple juice aroma, particle presence, and
artificial pineapple flavor (Fig. 1.3b). Finally, commercial juice D was located at
positive values of the second component and was characterized by its fermented flavor
and aroma, its sweet taste, and cooked flavor (Barros et al. 2007).

New technologies are perceived as environmentally friendly due to the fact that
they use less energy and produce less waste than conventional processes (Cardello
et al. 2007; Nielsen et al. 2009). Environmental issues are relevant for consumers
when choosing products manufactured using new technologies over conventional
products because they feel responsible for nature, future generation, and mankind in
general (Sonne et al. 2010).

Lack of perceived benefits has been associated with concerns about the need for
and usefulness of novel technologies, as well as an increase in perceived negative
consequences (Gaskell 2000). Negative consequences of new technologies are
mainly related to their increased price, dangers in the processes, as well as potential
negative effects on the environment, quality, and health (Fig. 1.2).

An increase in price has been reported to be a potential barrier for consumer
acceptance of new technologies. Consumers are usually not willing to pay a pre-
mium price for these products, as highlighted by Butz et al. (2003), who reported
that British and German consumers were reluctant to buy products manufactured
with new technologies if they were more expensive than conventional products.
However, Cardello et al. (2007) reported that cost was the least important barrier for
the acceptance of new food technologies. In this sense, it is important to highlight
that price has been reported to influence consumer purchase intention in two oppo-
site ways: it could reduce purchase intention due to a greater monetary sacrifice, or
it could encourage purchase intention of an increase in perceived product quality
(Jaeger 2006). Some studies have shown a positive effect of price on consumers’
willingness to consume products produced using new technologies. French partici-
pants were willing to pay more for products manufactured with new technologies if
they are associated with an increased quality (Butz et al. 2003). Also, Nielsen et al.
(2009) reported that higher price was perceived as a benefit of new technologies
when applied to baby food, due to the fact that parents want high quality products
for their children. Laboissiere et al. (2007b) identified two segments of consumers,
which gave different importance to price. One of them expected to like more a low
priced HPP-passion fruit juice in relation to the second segment that preferred the
package with a more expensive price.

According to Cardello et al. (2007), the potential risks of new technologies are
the most relevant factors in shaping consumers’ attitudes and their intention to use
these types of products. Risks perceived as most threatening are those that are per-
ceived as unknown, involuntary, unobservable, out of consumers’ control, and that
are associated with delayed and potentially fatal health effects (Slovic 1987). This
is usually the case of new food technologies (Cardello 2003; Olsen et al. 2010;
Ronteltap et al. 2007). Consumers are usually not aware of the processes applied to
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food products and cannot reverse their effect once applied, which increases risk
perception of new technologies (Cardello 2003), although they have low risk from
a technical standpoint (Fischoff et al. 1978).

Consumers have been extensively reported to be concerned about the potential
health risks of irradiation, mainly because of fear that it can make food radioactive
or led to the formation of harmful compounds (Frenzen et al. 2001; Gunes and
Tekin 2006). In this sense, He et al. (2005) reported that a considerable proportion
of consumers might try to avoid products labeled as irradiated because they would
consider it a health warning.

Consumers also report concerns related to loss of quality, perception of inherent
risks in the processes, and environmental risks, although they are less relevant than
potential health risks (Cardello et al. 2007; Nielsen et al. 2009; Olsen et al. 2010).

As it has been said before, the acceptance of a new technology depends on sev-
eral factors and the consumer himself—with his/her cultural, emotional, psycho-
logical background—plays an important role on the process. As an example, a
choice-based conjoint study that has been carried out on irradiated papayas with
consumers in Rio de Janeiro (Brazil) is presented. The findings demonstrated that
the most important factor for consumer’s intention to purchase was the appearance
of the fruits (Deliza et al. 2009). This result suggests that for the Brazilian individu-
als who participated in the study, the use of irradiation was not a relevant determi-
nant of their selection, when choosing papaya. However, another scenario appeared
when these consumers were asked about How concerned are you about using irra-
diation in food processing? (Concern); and how much they agreed on three state-
ments. The three statements were as follows: Eating irradiated food is not a safe
thing to do (Irradiate is not safe); Eating irradiated food is probably safer than
eating non-irradiated food (Irradiated safer than non-irradiated); Eating irradiated
food will increase my likelihood of experiencing health problems later (Health prob-
lems later). Finally, participants were provided with information about food irradia-
tion, which stated: “The irradiation is an efficient method for preserving the quality
of the food and was approved by the Ministry of Health. When applied under con-
trolled conditions it brings benefits to the consumer.” After reading information
about food irradiation, subjects rated their opinion about the technology (Opinion
after information). Again, different perceptions were noticed, which were revealed
by the existence of two consumer segments. Figure 1.4b shows the representation
of the participants in the PCA performed on their responses. As it can be seen,
respondents were widely distributed along the first two dimensions of the PCA, sug-
gesting high heterogeneity in their responses. Two main segments were identified:
Segment 1 and Segment 2. People in Segment 1 were more concerned than those in
Segment 2. These participants perceived irradiation as more risky and agreed on the
statement Eating irradiated food will increase my likelihood of experiencing health
problems later (Fig. 1.4a).

Bottom-up processes fail to explain how consumers form attitudes towards new
technologies when their knowledge and awareness is scarce (Olsen et al. 2010). For
this reason, top-down processes have been reported to be the main determinant of
consumers’ attitudes towards new technologies (Scholderer and Frewer 2003;
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Siegrist and Cvetkovich 2000; Sgndeargaard et al. 2005). Top-down processes
imply that attitudes towards objects and behaviors are formed by classifying them
with higher-order attitudes and values (Prislin et al. 1998). This means that in the
absence of any factual or experiential knowledge, attitudes towards new technolo-
gies are formed by associating them with other general concepts. Thus, the mental
representation of new technologies may be embedded into a multidimensional



1 Consumer Perception of Novel Technologies 9

structure composed by a large number of interrelated concepts, which may determine
attitudes (Olsen et al. 2010; Scholderer and Frewer 2003; Sgndeargaard et al. 2005).

Attitudes towards food companies have been reported to be relevant in shaping
consumers’ attitudes towards new technologies. Consumers have been reported to
be skeptical to the benefits of new technologies as they believe that they have been
developed by the food industry to increase their profits and not to provide benefits
to consumers (Nielsen et al. 2009).

Consumers’ attitudes towards the role of science and technology in society have
been regarded as relevant determinants of attitudes towards new food technologies
(Matin et al. 2012). Consumers who have faith in science and technology and think
that they contribute to improve standard of living are usually more willing to con-
sume products manufactured with these technologies. On the contrary, consumers
who are more concern with nature and the environment usually reject new technolo-
gies and prefer natural fresh products (Mireaux et al. 2007; Olsen et al. 2010).

Trust in scientists, policy makers, and governmental organizations provides
sense of protection against potential risks and decrease negative associations
(Greehy et al. 2013).

Attitudes towards Innovation have been positively correlated to acceptance
of new technologies. Consumers who have a positive impression of innovation
and regard it as positive for development and well-being are usually more will-
ing to accept new technologies than those that bear negative associations with
innovation and technology (Nielsen et al. 2009). As a consequence, it is relevant
to stress that great efforts should be concentrated at the initial development
steps. Knowing consumer needs and offering products that meet their expecta-
tions is an important factor for the success of product development (Costa and
Jongen 2006; Saguy and Moskowitz 1999; Urban and Hauser 1993; van Kleef
et al. 2005).

Top-down formation of attitudes may explain differences in the acceptance of
different technologies. New food technologies may be linked to other technologies.
Food irradiation raises associations with the application of radioactive materials in
other fields, which may explain the negative attitude towards this technology
(Cardello 2003; Frenzen et al. 2001; Frewer et al. 2011; Gunes and Tekin 2006).
PEF are usually associated with electricity, which raise negative attitudes related to
danger and fear (Nielsen et al. 2009). However, HPP does not usually raise negative
associations related to other technologies, being the technology most easily accepted
by consumers (Cardello et al. 2007; Mireaux et al. 2007; Sonne et al. 2010).

In summary, research has shown that consumer acceptance of new technologies
depends on whether consumers perceive that their benefits outweigh their negative
associations, consequences, and potential risks. The trade-offs between perceived
risks and negative consequences have been regarded as an important cue for the dif-
fusion of innovations and may determine acceptance or rejection of new technolo-
gies (Frewer 2003; Greehy et al. 2013; Rogers 2003). Butz et al. (2003) reported
that 90 % of the potential buyers of new HPP products perceived personal advan-
tages, while 60 % of the non-buyers did not perceived personal advantages.



10 R. Deliza and G. Ares

1.3 Factors That Influence Consumer Attitudes
Towards New Technologies

Several individual variables have been reported to affect consumer attitudes towards
new technologies. It has been shown that certain consumer groups are more willing
to accept new food technologies (Cardello 2003).

Females have been reported to be more concerned, less likely to perceive bene-
fits, and less willing to accept new food technologies than males (Cardello 2003;
Cardello et al. 2007; Ronteltap et al. 2007). This difference can be related to the fact
that females usually assign different meanings and values to food than males, due to
their earlier involvement in food-related activities, which is enhanced by their active
role in the provision of adequate food for their family (Rozin et al. 1999).

Regarding age, research has shown that older age groups are more concerned
about technology-related food safety issues and new technologies than younger
groups (He et al. 2005; Miles et al. 2004). Butz et al. (2003) reported that younger
UK consumers were more willing to buy HPP orange juice than older consumers.
However, other researchers have identified no differences in attitudes towards new
technologies between age groups (Frenzen et al. 2001; Gunes and Tekin 2006).

Other demographic characteristics have not been reported to have a clear effect
on attitudes towards new food technologies (Lyndhurst 2009). In a study conducted
in Canada, Henson et al. (2007) reported that highly educated people and those with
higher income tended to be more concerned about new technologies than the rest.
Similarly, Frenzen et al. (2001) reported that higher education and income level
positively influenced willingness to consume irradiated food. However, Butz et al.
(2003) reported that European consumers with higher education qualification were
more positive about buying HPP orange juice.

Consumer differences in general attitudes and values have been reported to
have a larger influence than socio-demographic variables on acceptance of new
food technologies (Cardello 2003; Lyndhurst 2009; Ronteltap et al. 2007).
Attitudes towards technology and social trust vary across countries and have been
related to differences in attitudes towards new food technologies (Bruhn et al.
1987; Lampila and Lahteenmaki 2007; Poppe and Kjaernes 2003; Siegrist and
Cvetkovich 2000). Trust in the food industry, science, and governmental organiza-
tions has also been associated with a higher likelihood of accepting new food tech-
nologies (Bord and Conner 1990). Furthermore, consumers with strong
pro-environmental values are usually more concerned about new food technolo-
gies (Bruhn et al. 1987; Cardello 2003).

Knowledge is also expected to affect attitudes towards new technologies,
decrease risk perception, and increase willingness to consume products manufac-
tured with these technologies (Bouyer et al. 2001; Ronteltap et al. 2007; Siegrist
1998). According to Rimal et al. (2004), knowledge about safety was positively
correlated to consumer intention to consume irradiated products (Rimal et al. 2004).

Other more enduring psychological attitudes, such as universalism and hedo-
nism, could also potentially affect attitudes and willingness to consume food
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produced using new technologies (Honkanen and Verplanken 2004). Furthermore,
consumers’ adoption of new food technologies has been related to specific person-
ality traits such as food neophobia, which can be regarded as the reluctance to try
novel food (Pliner and Hobden 1992) and has been related to adoption of innova-
tions (Cox and Evans 2008; Ronteltap et al. 2007; Schnettler et al. 2013).

Finally, consumer attitudes towards new technologies are also dependent on the
specific technology and the food product to which the technologies are applied.
Consumers have been extensively reported to have negative attitudes towards
genetically modified organisms and irradiation, whereas attitudes towards HPP and
PEF have been reported to range from neutral to slightly positive (Cardello 2003;
Lyndhurst 2009; Cardello et al. 2007; Sonne et al. 2010). Besides, HPP products are
generally easier to accept than PEF products (Butz et al. 2003; Mireaux et al. 2007,
Nielsen et al. 2009; Olsen et al. 2011). Regarding the product to which new tech-
nologies are applied, consumers are, in general, more negative towards the applica-
tion of new technologies to animal products than to fruit and vegetables (Cardello
et al. 2007; Funcane and Holup 2005; Lyndhurst 2009; Moses 1999). This suggests
that the application of new technologies to fruit products holds a great potential.

1.4 Strategies for Changing Consumer Attitudes
Towards New Technologies

Consumer knowledge and awareness of new technologies is very limited; in fact a
large percentage of consumers have never heard about them (Nielsen et al. 2009).
According to Lampila and Lahteenmaki (2007) and Frenzen et al. (2000), lack of
information is one of the main determinants of rejection to consume products manu-
factured with new technologies, suggesting that providing consumers with trustable
information may be a valuable strategy to overcome any lack of confidence on the
new technology.

Attitudes towards new technologies are mainly determined by top-down pro-
cesses, which are highly resistant to change (Eagly and Chaiken 1993; Scholderer
and Frewer 2003). However, attitudes towards new technologies may change when
new beliefs about the technology are formed (Olsen et al. 2010). This emphasizes
the importance of providing clear, understandable, and trustable information, as
well as making it easy for consumers to try products manufactured with new tech-
nologies, before the introduction of products into the marketplace.

According to Tversky and Kahneman (1974), people employ simplified cogni-
tive strategies for making judgments and taking decisions. For this reason, informa-
tion processing and judgment are usually guided by affective reactions towards a
stimulus (Zajonc 1980). Affective heuristics implies that if feelings generated by a
behavior are positive, people will try to reproduce the behavior, whereas if it gener-
ates negative feelings actions and thoughts will try to avoid that behavior. Therefore,
according to Finucane et al. (2000), if consumers first receive positive information
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about a new food technology, they will have a positive attitude and decrease their
perceived risk, compared to a situation in which they receive information about its
potential negative consequences.

Information about the benefits and safety of new technologies has been reported
to have a positive influence on consumer acceptance and likelihood of purchase of
food products manufactured using these processes (Bruhn 1995; Cardello et al.
2007; Frewer et al. 1996, 1997; Rollin et al. 2011; Schutz et al. 1989). Positive
attitude towards HHP was observed among participants of several studies focusing
on different fruit juices when information on the benefits was provided. Consumers
valued the benefits HHP would bring (nutritional and sensory) to the product and
stated a higher intention to purchase pressurized juices with such information
(Abadio-Finco et al. 2010; Pontes et al. 2009). However, research has shown that
information can have a negative influence on consumer perception when they have
a stable negative attitude towards a new technology. O’Fallon et al. (2007) and
Scholderer and Frewer (2003) reported that information about genetically modified
products had a negative influence on consumer perception by making negative asso-
ciations more salient in their mind. These results stress that information about new
technologies should be positively framed and communicated from the early stages
of their introduction into the marketplace.

Health and environmental benefits of new technologies are credence attributes,
which involve a high level of uncertainty (Darby and Karni 1973). Consumers can-
not directly evaluate these characteristics of products produced using new technolo-
gies and therefore they have to trust the information provided by producers or other
governmental and non-governmental organizations (Jahn et al. 2005). For this rea-
son, these benefits of new technologies can only become relevant in shaping con-
sumers’ attitudes if they are provided with accurate, understandable, and trustable
information. In this sense, information sources have a crucial role in determining
the efficacy of communication strategies. Public confidence in adequate risk assess-
ment prior to the implementation of new technologies regulations is essential for
consumer acceptance (Greehy et al. 2013).

According to Cardello et al. (2007), the method selected to communicate product
information should be determined according to the consumer segment being tar-
geted. Trust in the information source is a key factor that mediates the assimilation
of new information (Bruhn 2008). In general, consumers tend to rely on the infor-
mation provided by friends, family, or other people with personal significance
(Mellman Group 2006).

The most trusted sources of information vary with culture. The food industry
tends to be the least trusted information source because consumers are suspi-
cious of the main drivers for the development of new technologies (Nielsen
et al. 2009). For this reason, Deliza et al. (2003) stated that food companies in
the UK could potentially risk their reputation by including unknown new tech-
nologies into the marketplace. On the contrary, Gunes and Tekin (2006)
reported that Turkish consumers would be willing to consume food products
manufactured using new technologies if well-known and trusted companies
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would produce them. Further studies in specific countries where new technolo-
gies may be available are recommended.

The media tends to be the most trusted source of information about new food
technologies for Asian consumers; consumers in the USA rely on governmental
organizations and policy makers, whereas European consumers tend to rely on
independent non-governmental organizations and consumer groups (Chen and
Li 2007; Lyndhurst 2009). According to Hayes et al. (2002), messages about the
potential risks of new technologies sent by independent non-governmental orga-
nizations can have a larger effect on consumer attitudes than official informa-
tion sources.

The media has been recognized as consumers’ primary source of information
about science and technology (Allan 2002; National Science Board 2010). It
increases consumer’s awareness of scientific issues and influence the formation of
attitudes (Dudo et al. 2011). Frequent coverage in news media can make new tech-
nologies more easily accessible in consumers’ mind and increase the relevance of
specific issues in the formation of attitudes (Scheufele and Tewksbury 2007).
Frenzen et al. (2000) attributed a decrease in consumers’ willingness to buy irradi-
ated food to the increase in media attention during the late 1990s.

Framing of the messages has been reported to have a large influence on con-
sumer perception of some new technologies. How new technologies are presented
in the media can potentially affect how they are understood and perceived by con-
sumers (Scheufele 1999). Cardello (2003) reported that the term “ionizing energy”
generates less negative associations and raises less concern than the word “irradia-
tion.” This result suggests that the term “ionizing energy” can be an interesting
alternative for the design of information and marketing campaigns aimed at increas-
ing consumer acceptance of irradiated food.

Including information about new technologies on the product label can raise
awareness, increase perception of personal control over the consumption of prod-
ucts manufactured with these technologies, and improve consumer acceptance
(Costa-Font et al. 2008; Rollin et al. 2011). Labels play a key role in attracting
consumers’ attention and providing information that influence consumer expecta-
tions and could largely determine their purchase intention (Moskowitz et al.
2009). When consumers have difficulty in selecting among several options of a
specific product, they can use specific information from labels to make up their
mind (Imm et al. 2012). In general, consumers and stakeholders support the inclu-
sion of information about new technologies on food labels (Frewer et al. 2004;
Landmark Europe 2009). Deliza et al. (2005) reported that including information
on the benefits offered by high pressure technology on fruit juice packages had a
positive influence on consumers’ purchase intention. However, when consumers
have negative attitudes towards a product, including salient and extensive infor-
mation on food labels can negatively affect their purchase intent. Including exten-
sive information about irradiation or genetically modified products has been
regarded as a warning sign that encourages consumers to avoid consuming the
product (O’Fallon et al. 2007).
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One of the most relevant benefits that can be stressed in marketing campaigns
of products manufactured using new technologies is to inform consumers about
the improved sensory characteristics (Cardello et al. 2007). Therefore, letting
consumers try products in shops or other places can contribute to the generation
of a positive association and increase acceptance of new technologies through
evaluative conditioning (Nielsen et al. 2009). Evaluative conditioning refers to
changes in consumer acceptance of a product due to the pairing with a stimulus
with positive or negative valence (De Houwer 2007). Thus, by pairing the concept
of a new technology with a product that imparted a positive sensory experience,
the positive affective reaction resulting from tasting the product can be transferred
to the technology (Walther et al. 2011). In this sense, previous research has shown
that attitudes to a new technology become more positive after trying products
manufactured using that technology (Cardello 2003; Grunert et al. 2004a; Olsen
et al. 2011; Terry and Tabor 1988). A qualitative in-home exploratory study
showed that when a group of housewives were allowed to drink mango juices,
pressurized juice was perceived as more natural and having more mango flavor
than the market leader brand (Pontes et al. 2009).

1.5 Conclusions and Remaining Challenges

New technologies offer food companies several opportunities to deliver new fruit
products that meet many of consumers’ unmet demands. However, consumers’
awareness and knowledge about new food technologies is limited. As a conse-
quence, attitudes towards new technologies are in many instances negative due to
negative associations with other higher-order concepts, which make consumers
skeptical about their benefits. Hence, providing information about new technologies
seems to be a key strategy for increasing consumers’ acceptance of fruit products
manufactured by means of these technologies. Information and communication
campaigns should be performed at the early phases of the introduction of new tech-
nologies into the marketplace. Further research on the influence of information
sources and framing of messages is necessary to assure successful communication
of the benefits of new technologies. In this sense, building consumer trust in new
technologies requires an integrated action from food producers and governmental
and non-governmental organizations.

Consumer-oriented innovation is a key strategy that should be considered by the
fruit industry when developing fruit products manufactured using new technolo-
gies. Considering that consumer perception depends on a wide range of sensory and
non-sensory variables, research aiming at identifying the trade-offs that determine
consumer choice of products manufactured using new technologies over conven-
tional products could contribute to the development and marketing of successful
products. This type of approach can be useful to identify barriers to consumer adop-
tion of products produced using new technologies prior to substantial time and
monetary investments.
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Chapter 2
Safety Issues on the Preservation of Fruits
and Vegetables

Check for
updates

Antonio Martinez, Dolores Rodrigo, and Surama F. Zanini

2.1 State of the Art

In the recent years, there has been a large increase in the consumption of fruits and
vegetables (De Roever 1999; Regmi et al. 2004). One main reason is the advice
from nutritional experts that at least five portions of fruit and vegetables should be
consumed per day. A balanced diet which is low in fat, high in fibre, and includes
plenty of fruits and vegetables has been shown to protect against heart disease and
many cancers (De Roever 1999; Johnson et al. 2004). Fresh fruits and vegetables as
well as their derivatives are an important part of the food chain having differential
characteristics of meat and fish foodstuffs, containing a huge range of bioactive
compounds. Consequently, fresh produce has become one of our most desirable
food because today’s consumer perceives it as being healthy, tasty, and convenient.

Despite the credit that these products have with their image as healthy food, risks
are associated to their consumption that could influence the consumer’s perception
once they become aware of the potential microbiological hazards. It is now com-
monly accepted that fruit and vegetable consumption is a risk factor for infection
with enteric pathogens. Thus, food is essential to life but, if contaminated, can cause
illness and even death.

This has already been observed regarding the consumption of pesticide-free
fresh fruits and vegetables where consumers have shown willingness to pay more
for these products, or to accept cosmetically imperfect produce as a trade-off for
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lower pesticide residue levels (Bunn et al. 1990; Lynch 1991; Eom 1994; Boccaletti
and Nardella 2000). Also due to their positive image, they are also eaten at all popu-
lation levels including high-risk groups as young, old, pregnant, and immune-
compromised individuals (YOPT’s). This fact increases the likelihood of fresh
produce being involved in severe foodborne illness. However, consumers of fresh
fruits and vegetables are interested in the food quality and raise no concerns about
the food safety (Worsfold et al. 2004a, 2004b).

Fruit and vegetables can become contaminated with pathogenic microorganisms
while growing in fields or orchards, during harvesting, at postharvest handling, and
during processing. All fruits and vegetables allow the proliferation of pathogenic
and spoilage microorganisms (bacteria, yeast, and fungi) due to their physicochemi-
cal and nutritional characteristics. The low pH level of fruits and some vegetables is
due to the high concentration of organic acids as citric, malic, or tartaric; addition-
ally they contain vitamins and minerals (Holland et al. 1992). The distribution of
fresh produce through the various markets is variable and diverse. The diversifica-
tion of this distribution may have an impact on food safety of produce because there
are many steps involved, thereby increasing the opportunity for potential contami-
nation by pathogenic microorganisms. Today, the fresh produce industry is focus-
ing much of its efforts on training employees in the importance of traceback plans,
as well as developing and implementing traceback systems. This could also help to
identify which part of the food chain is responsible for a pathogenic contamination.
Moreover, after approval of Regulations (EC) No 178/2002 and 852/2004, trace-
ability is mandatory for all food producers since January Ist 2005 and primary
production will also be included in the HACCP systems shortly.

There are surveys demonstrating the presence of human pathogens on fruit and
vegetables (FDA 2001, 2003; Kirenlampi and Hénninen 2004), indicating several
factors contributing to the potential adherence and growth. These include fertiliza-
tion with manure or waste water contaminated with pathogens, some harvest prac-
tices (Beuchat 1996), not always refrigerated storage, long-term transportation as
well as risks associated to preparation and eating habits. The convenient raw pro-
duce sold by the traders can be already trimmed, peeled, or cut. These pre-prepared
food presumably are responsible for the growth of the fresh produce market. At the
consumer’s home, fresh pre-prepared fruits and vegetables are often consumed
without washing or additional processing. However, the cut plant surface provides
a source of nutrition and the damaged tissue can allow penetration of bacteria. A
temperature abuse during transportation, storage, and distribution can then result in
an accelerated growth of the pathogenic bacteria. Minimal processing could, there-
fore, contribute to the risk of food poisoning microorganisms being present on or
within fresh produce. In addition, the increase in importation of exotic or “out of
season” products from countries with different or lower standards, in “Agricultural
of Hygienic Practices”, could also contribute to an increased risk of food poisoning
organisms being present on imported produce (FDA 2001, 2003).

The most common and important pathogenic bacteria that can be found on
fresh produce are Listeria monocytogenes, Clostridium botulinum, Shigella,
Salmonella, Aeromonas, Staphylococcus aureus, Bacillus cereus, Vibrio cholerae,
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Campylobacter; E. coli 0157:H7 (Everis 2004; FDA 2001, 2003). Moreover, fresh
produce has been associated with a number of documented outbreaks of food-
borne illness, particularly in Europe, Japan, United States, and Canada, including
cases of Escherichia coli O157:H7 (spinach, lettuce), Salmonella Typhimurium
and Salmonella Newport (tomatoes, lettuce), Salmonella Thompson (rocket), and
hepatitis A (spring onion) by Anon (2001a, 2001b). Human diseases originating
from raw consumed fruits and vegetables have not been regarded extensively in
the past. However, they play an important role in the effort of governments, pro-
ducers, and traders for a high-level protection of consumer health. Some sources
for contamination of fresh produce with pathogenic bacteria have been identified,
but until now in Europe there has been no broad survey considering all steps in the
production chain as well as variable systems in different countries.

Other source of concern in the consumption of fruits and vegetables is the pres-
ence of chemical contaminants. This type of contamination can be due to the pres-
ence of heavy metals or pesticide residuals over the allowed limit.

In this chapter, fruit and fruit products safety issues in relation to the microbio-
logical contamination will be considered. Information on main pathogenic microor-
ganisms hazards will be presented considering the intrinsic and extrinsic factors
contributing to product deterioration, as well as control measures that should be
taken in place to prevent high levels of microorganisms.

2.2 Microbial Hazards

One of the major growth segments in the food retail industry is fresh and minimally
processed fruits and vegetables that were stimulated largely by consumer demand
for fresh, healthy, convenient, and additive-free food which are safe and nutritious.
Thus, there is a consumer preference for food that is less processed, contains fewer
preservatives, is convenient, and perceived as fresh (De Roever 1999).

Fruits and vegetables are unique food in that they are often consumed raw or with
minimal preparation. Fresh-cut products are fruits or vegetables, initially called
minimally processed or lightly processed products, that can be defined as any fresh
fruit or vegetable that have been trimmed, peeled, and/or cut into a fully usable
product, to obtain 100 % edible product which is subsequently packaged to offer
consumers high nutrition, convenience, and flavour while maintaining freshness and
kept in refrigerated storage (Martin-Belloso and Soliva-Fortuny 2010).

On the market, fresh-cut tropical fruits include melons, cantaloupe, watermelon,
mangoes, mangosteen, rambutan, jackfruit, pummelo, papaya, durian, grapefruit,
pineapples, and fruit mixes. Fresh-cut salads include shredded leafy vegetables and
salad mixes. Fresh-cut vegetables for cooking include peeled baby carrots, baby
corn, broccoli and cauliflower florets, cut celery stalks, shredded cabbage, cut
asparagus, stir-fry mixes, and cut sweet potatoes. Fresh-cut herbs are also marketed
widely (James and Ngarmsak 2011).
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Inevitably, with the growing demand for fresh fruits and vegetables the Centers
for Disease Control and Prevention (CDC) reported an increase in the frequency of
produce-associated foodborne disease outbreaks (Bean et al. 1997; Mead et al.
1999). The potential for contamination increases as the fresh produce moves from
farm to table, i.e. irrigation water, improperly composted manure, wash water sys-
tems, soiled equipment, unsanitary practices, etc.

In the USA, between 1990 and 2002, 56 outbreaks with 6762 cases were linked
to fruits. Four per cent of the cases were caused by berries, 2 % by melon, and 94 %
by other fruits. In fruits, Salmonella, Noroviruses, and E. coli represented the most
significant hazards (Smith DeWaal and Barlow 2002). Salmonellosis outbreaks
have been associated with contaminated fresh fruits (CDC 1991) such as strawber-
ries (Niuetal. 1992; CDC 1997) and raspberries (Ramsay and Upton 1989; Herwaldt
and Ackers 1997).

Minimally processed fruits are more perishable than raw materials and prepara-
tions from vegetables. Thus, the marketing of fresh cut fruits has been limited to 5-7
days if compared to 15-20 days of vegetable-based products (Watada 1997a, b).

Ready-to-eat vegetables must be stored under appropriate temperatures in order to
inhibit the growth of pathogens (Francis et al. 1999). However, most microorganisms
found in fresh produce are psychotrophic (Nguz et al. 2005), e.g., Listeria monocyto-
genes, which may grow in fresh produce stored under refrigeration (Beuchat 1996), and
Clostridium spp that are the most important spoilage groups for fruits and vegetables.

Slicing, dicing, and shredding procedures, as well as temperature abuse during
storage, could result in increases in populations of mesophilic aerobic microorganisms
(Brackett 1992; Nguyen-the and Carlin 1994) associated with fresh-cut products.
Mesophilic bacteria from plate count studies typically ranged from 10* to 108 CFU/g
(Beuchat 1996). Total counts on products after processing ranged from 10° to
10° CFU/g (Nguyen-the and Carlin 1994). Thus, the slicing step may increase the risk
of contamination because the cut of surfaces exude nutrients, which become available
to the microorganisms naturally present in the produce, i.e., growth of pathogens. So,
all this processing contributes to microorganism multiplication and eventually
increases bacterial counts (Berbari et al. 2001; Gleeson and O’ Beirne 2005). Therefore,
the presence of cut surfaces, with a consequent release of nutrients, the absence of
treatments able to ensure the microbial stability, the active metabolism of fruits or
vegetables, and the confinement of the final product can all increase the growth extent
of the naturally occurring microbial population (Nguyen-the and Carlin 1994).

Minimally processed food may represent a microbiological risk because the pro-
cesses for limiting pathogens proliferation that include storage at low temperature
and/or the packaging in modified atmospheres are stringent conditions only to some
microorganisms and may promote the prevalence of anaerobic and psychrotrophic
bacteria (De Martinis et al. 2002). Also, the fresh-cut products do not generally
contain preservatives or antimicrobial substances and rarely undergo any heat pro-
cessing before consumption.

Temperature is another environmental factor that affects the activity and micro-
bial growth. This is mainly due to the influence of temperature on the activity of
microbial enzymes. The minimum and maximum temperatures for growth of a
microorganism depend on factors such as pH and water activity (Aw). If these
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Table 2.1 Major environmental conditions for microbial growth

Path Parameters
athosens T min (OC) T max (OC) pH min pH min Ay min NaCl max

C. jejuni 32 45 4.9 9.0 0.98 2
C. botulinum type 10 50 4.6 8.5 0.93 10
A or B proteolytic
C. botulinum type 3 45 4.6 8.5 0.97 5
E nonproteolytic
E. coli 7 46 4.4 9.0 0.95 6.5
L. monocytogenes 0 45 4.39 9.4 0.92 10
Salmonella spp. 5 47 4.2 9.5 0.94 8
Shigella spp. 7 47 4.9 9.3 0.97 52
Y. enterocolitica -1 42 4.2 9.6 0.97 7

FDA (2001) and ICMSF (1996)

Table 2.2 Doses of some pathogenic microorganisms necessary to cause illness in healthy adults

Microorganisms Doses (cells)
Shigella dysenteriae 10'-10*
Shigella flexneri 10%-10°
Salmonella typhi 10*10°
Others Salmonella 10%-10"
E. coli (pathogenic) 10%-10"°

Y. enterocolitica 10°

FDA (2001)

environmental factors (pH and Aw) are outside the optimum range, the minimum
temperature increases and the maximum decreases, thus narrowing the range of
growth (Garbutt 1997), as showed in Table 2.1.

The Table 2.2 shows, for some pathogenic microorganisms, values found in lit-

erature concerning infectious doses liable to cause disease in healthy adults.
Even after some processing, ready-to-eat vegetables retain much of their original
microbiota; this is a serious health issue, because pathogens may be part of that
microbiota. Fruits and vegetables have an important pathogenic and non-pathogenic
microbiological load coming from soil, water, insects, and handling by man. In
general, the common microbial flora is composed by Pseudomonas spp, Erwinia
herbicola, and Enterobacter aglomerans.

However, the fruits and vegetables are protected from microbial invasion by the
skin and thus they are expected to be able to retain high quality longer than the cut
products (Hurst 1995). Thus, the growth of foodborne pathogens is not common on
intact surfaces because they do not produce the enzymes necessary to break down
the protective outer barriers. 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 (Del Rosario and Beuchat 1995) as well as E.
coli O157:H7 and Listeria monocytogenes have been shown to attach to the cut
surfaces of lettuce leaves and penetrate the internal tissue, indicating protection



26 A. Martinez et al.

from chemical sanitizers. Moreover, several pathogenic microorganisms can grow
and survive in many fresh produce, like lettuce, broccoli, asparagus, because these
food have nutrients necessary for their rapid growth (Abdul-Raouf et al. 1993).

The microorganisms normally present on the surface of raw fruits and vegetables
may consist of chance contaminants from the soil or dust, or bacteria or fungi that
have grown and colonized by utilizing nutrients exuded from plant tissues.
Therefore, the consumption of raw food or salads may endanger the health of con-
sumers. Several outbreaks of gastroenteritis have been attributed to the consump-
tion of contaminated fresh vegetables. Toxinfections associated with ingestion of
vegetables, which revealed a lack of hygiene during manipulation, have been
recorded (De Roever 1998; Michino et al. 1999). Thus, the precise establishment of
the origin of a disease outbreak is of crucial importance in planning the strategies
and interventions to minimize future health hazards.

Pathogens within soil may contaminate crops directly when heavy rain or water
gun irrigation causes leaf splash. The ability of the pathogen to survive in the envi-
ronment will impact on the likelihood of crop contamination and pathogen viability
at harvest and through to consumption. Table 2.3 shows survival times for each
enteropathogen in the environment.

Table 2.3 Pathogens survival (day) in environment

Pathogens Environment Survival References
(day)
E. coli O157:H7 Soil + animal manure 99 Nicholson et al. (2005)
E. coli O157:H7 Animal manure 60 Avery et al. (2005)
E. coli O157:H7 Slurries 60 Avery et al. (2005)
E. coli O157:H7  Nonaerated ovine manure >365 Kudva et al. (1998)
E. coli O157:H7 Aerated ovine manure 120 Kudva et al. (1998)
E. coli O157:H7 Nonaerated slurry 600 Kudva et al. (1998)
Salmonella Soil 968 Nicholson et al. (2005)
Salmonella Soil + bovine slurry 300 Nicholson et al. (2005)
Salmonella Slurry + durty water 90 Nicholson et al. (2005)
Campilobacter Slurry + durty water 90 Nicholson et al. (2005)
Listeria Soil + animal manure 30 Nicholson et al. (2005)
Listeria Slurry + durty water 180 Nicholson et al. (2005)
Hepatitis A Water >365 Seymour and Appleton
(2001)

Hepatitis A Soil 96
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The contamination of fruits and vegetables can occur in any stage of food
processing. It has long been known that the improper use of manure can transfer
pathogens onto crops, resulting in human disease. Raw manure should not be
applied to crops. In addition to the hazard of pathogen transmission, it is well
recognized that salt injury to sensitive vegetable crops and transfer of viable
weed seed may result unless the manure is subjected, at least, to a period of
undisturbed (no thorough mixing or pile inversion) composting. In places where
noncomposted animal manure as fertilizer and untreated water are used to wash
fresh products or to irrigate vegetable crops, Salmonella, Shigella, Bacillus
cereus, and Clostridium botulinum are easily observed. Health problems due to
the consumption of swiss chard, lettuce, cabbage and water-cress contaminated
with Salmonella and Shigella have been reported. According to Frank and
Takeushi (1999), fresh produce, especially lettuce, was identified as carriers of
pathogenic bacteria relevant to human health, such as Salmonella, Shigella,
Listeria monocytogenes, Yersinia enterocolitica, E. coli enteropathogenic, E. coli
enterotoxigenic, and E. coli enterohaemorrhagic (O157:H7), also protozoa, para-
sites, and hepatitis A virus (Nascimento et al. 2003).

The National Advisory Committee on Microbiological Criteria for Foods
(NACMCEF) lists 11 agents associated with produce-borne outbreaks. Foremost
among them are E. coli O157:H7 and various Salmonella serotypes (Tauxe 1997).
Health officials at a national food safety meeting disclosed preliminary data, which
demonstrated that foodborne illnesses associated with fresh produce in the United
States are related predominantly to pathogens of animal origin. Illnesses attributed
to imported produce predominantly align with human sources of contamination.
The prevalence of E. coli O157:H7 and Salmonella spp. in manure also varies with
the source animal. Escherichia coli O157:H7 colonizes cattle and other ruminants
but generally not poultry. The prevalence of cattle pathogen shedding varies among
different studies. Cassin et al. (1998) projected that the number of E. coli O157:H7
shedding animals varies from 0.3 to 0.8 %, but may be considerably higher in a
population consisting exclusively of young or stressed animals. In addition, survey
results may be strongly influenced by regional and seasonal variation.

Bacteria such as Clostridium botulinum, Bacillus cereus, and Listeria monocyto-
genes, all capable of causing illness, are normal inhabitants of many soils, whereas
Salmonella, Shigella, Escherichia coli, and Campylobacter reside in the intestinal
tracts of animals, including humans, and are more likely to contaminate raw fruits
and vegetables through contact with faeces, sewage, untreated irrigation water, or
surface water.

Therefore, the prevention of risks of contamination by pathogens may occur
from the realization of good agricultural practices ranging from planting to harvest-
ing and other important aspects, even in the process of farming, such as the water
quality used for irrigation and employment of adequate sanitation practices by pro-
ducers in the handle and care of plants in the farmer’s field.

Bacterial pathogens continue to be a major contributor to produce-associated
foodborne illnesses. In a review of produce-associated outbreaks in the USA
from 1973 to 1997, bacteria were responsible for 60 % of outbreaks in which an
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etiologic agent was identified (Sivaplasingham et al. 2004). Salmonella was the
most commonly reported bacterial pathogen, accounting for nearly half of the
outbreaks due to bacteria (Sivaplasingham et al. 2004).

A description of pathogens of most concern and that have been isolated from
fresh products or raw products, including fruit and vegetables, with emphasis on
their association with foodborne outbreaks is given below.

Listeria monocytogenes: The bacterium is Gram-positive, non-sporulating and rod-
shaped, psychrotrophic, facultative anaerobic. Six species of the genus Listeria have
been recognized (ICMSF 1996). Two are considered non-pathogenic; L. innocua
and L. murrayi (syn. L. grayi), while L. seeligeri, L. ivanovii, and L. welshimeri
rarely cause human infection. This leaves L. monocytogenes as the most important
species with respect to human health which can cause severe infection mainly in
immunocompromised persons and in pregnant women. The predominant L. mono-
cytogenes serotype isolated from salad vegetables has been shown to be serogroup
1 (Harvey and Gilmour 1993; Heisick et al. 1989).

Listeria spp. grows optimally under microaerophilic conditions, but grows well
both aerobically and anaerobically (anaerobic incubation has been shown to be
more favourable to Listeria growth or survival than aerobic incubation). It can grow
in food packaged under vacuum or nitrogen gas (AIFST 2003). Growth of the
organism was not retarded by a 5-10 % CO, atmosphere and it can also grow in
relatively high (e.g. 30 %) CO,, but growth is inhibited under 75 % CO,.

Most literature reports on modified atmosphere packaging have studied L. mono-
cytogenes and the data suggest that modified atmospheres containing approximately
75 % CO, and no oxygen will inhibit this organism according to Hudson et al.
(1994). This bacterium can survive, grow, and multiply in different environmental
conditions, on refrigeration or warm temperatures, low pH, and high salt concentra-
tions (Gandhi and Chikindas 2007), therefore this bacterium has wide environmen-
tal distribution. Thus, L. monocytogenes is relatively resistant to freezing, drying,
high salts (growth at 10 %; survival at 20-30 %), and pH <5.0. The risk of listeriosis
increases when these vegetables are stored for longer periods before consumption
because L. monocytogenes has a greater opportunity to grow. Controlled atmo-
sphere storage has been shown to extend the shelf-life of broccoli and asparagus,
but does not influence the rate of growth of L. monocytogenes (Berrang et al. 1989).

The organism also exists in nature as a saprophyte, growing on decaying plant
materials, so its presence on raw fruits and vegetables is not rare (Beuchat 1992,
1996; Beuchat et al. 1990).

Listeria monocytogenes has been isolated from pre-packaged mixed vegetable prod-
ucts, chicory, endive and fresh-cut lettuce, sliced cucumber and fruits such as tomatoes
and cantaloupe. It has also been implicated in foodborne disease outbreaks across the
globe. In USA, it was isolated on cucumbers, potatoes, and radishes by Heisick et al.
(1989). Beuchat (1998) reported a number of surveys documenting the presence of L.
monocytogenes on cucumber, peppers, potato, radish, leafy vegetables, beansprout,
broccoli, tomato, and cabbage. Thus, L. monocytogenes can grow in plant tissue under
refrigeration temperature even if the initial concentrations of Listeria are not very high
(NACMCEF 1991), although it can increase during storage in refrigeration temperature.
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Generally, contamination is higher on root vegetables and Heisick et al. (1989)
suggested that this is due to increased contact with soil. Crepet et al. (2007) anal-
ysed 165 studies and reported that prevalence on salad vegetables is usually under
5 %, with lower numbers isolated from leafy salad vegetables than from sprouted
seeds and other vegetables (e.g. carrots, cabbage, celery, and spinach).

Beuchat and Brackett (1990) showed that L. monocytogenes is capable of growth
on lettuce when exposed to processing conditions, although carrot juice seemed
inhibitory. Farber et al. (1998) demonstrated that L. monocytogenes populations
declined on grated carrot by 2-logs over 9 days.

Listeria outbreaks linked to fresh produce are infrequent and tend to be limited to
vulnerable groups. The two documented outbreaks which have occurred, in 1979 and
1981 respectively, were attributed to cabbage (in coleslaw) and salad items (celery,
lettuce, and tomatoes) served as part of hospital meals (Anonymous 2001a, 2001b).

Thus, studies have demonstrated that the growth of L. monocytogenes, when
inoculated onto asparagus and broccoli, increased by 3 log at 15 °C and 0.5 log at
4 °C (Berrang et al. 1989). On cabbage, a 2.1 and 4 log increase of L. monocyto-
genes at 25 °C and 5 °C was demonstrated, respectively, by Kallander et al. (1991)
and Beuchat et al. (1986). Increased levels of L. monocytogenes on cauliflower
(Berrang et al. 1989; Beuchat et al. 1990), broccoli (Beuchat et al. 1990), asparagus
(Beuchat et al. 1990), endive (Carlin et al. 1995), and lettuce (Carlin and Nguyen-
the 1994) has also been documented.

Recently, Conway et al. (2000) determined that Listeria monocytogenes survived
and proliferated on Delicious apple slices stored at 10 or 20 °C (50 or 68 °F) in air
or controlled atmosphere (0.5 % O,+ 15 % CO,), but did not grow at 5 °C (41 °F).
Controlled atmosphere had no significant effect on the survival or growth of L.
monocytogenes at elevated temperatures.

Yersinia enterocolitica: Swine are the predominant natural reservoir for Y. entero-
colitica, although the pathogen has been found in a variety of terrestrial and fresh-
water ecosystems, including soil, vegetation, and water in lakes, rivers, wells, and
streams (Kapperud 1991) and also isolated from raw vegetables. Certainly, applica-
tion of improperly composted pig manure to vegetable fields should be avoided to
reduce the possibility of pathogenic strains being present on produce when it reaches
the consumer. The pathogen can grow at refrigeration temperatures commonly used
during transport and storage of fresh products.

The outbreaks of Y. enterocolitica have been documented by contamination of
mung bean sprouts (Harris et al. 2003), carrots (Catteau et al. 1985), or grated car-
rots (Darbas et al. 1985). The incidence of Y. enterocolitica was higher in fresh
produce as on root and leafy vegetables than in tomatoes and cucumbers (Darbas
et al. 1985).

Salmonella: is a Gram-negative rod-shaped bacterium, facultative anaerobic, non-
lactose fermenting, nonspore forming, mesophile, and most are motile. This bacte-
rium is a member of the family Enterobacteriaceae. Complete inhibition of growth
occurs at pH< 3.8 and >9.0, temperature <7 °C, or water activity <0.94 (Ray 1996;
Jay 2000; Gray and Fedorka-Cray 2002). Optimum growth occurs at pH near
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neutrality and temperatures between 35 and 37 °C (Ray 1996). Salmonella spp. may
be detected in both cattle and poultry manure. The prevalence among dairy herds
may range from 57 to 84 % (Smith et al. 1993). Thus, animals and birds are the
natural reservoirs. Salmonella reaches food directly by infected workers or indi-
rectly by animals and humans waste, water polluted with waste, or in soil fertiliza-
tion. Itis more probable that the disease occur when a large number of microorganisms
are taken after multiplication in food that were exposed to room temperature for
several hours. Symptoms of the disease appear in 6-36 h or more after the ingestion
of contaminated food. The disease duration is 1-7 days or more (Hobbs 1998).

Outbreaks and sporadic cases of infection have been associated mainly to poul-
try, pork, beef, and vegetables (Price 1997). Although fresh fruits and vegetables
are less frequently related to salmonellosis outbreaks, they have been associated
with the consumption of sprouted seeds, cut cantaloupe, watermelon and honeydew
(Golden et al. 1993), oranges (Pao et al. 1998), lettuce, cauliflower, mustard, cress,
endive and spinach (Thunberg et al. 2002), and mushrooms (Doran et al. 2005).

Thus, this bacterium is one of the pathogens involved in most cases associated
with fresh produce-related infection, isolated in 48 % of cases between 1973 and
1997 in the USA (Sivaplasingham et al. 2004) and in 41 % of cases during 1992—
2000 in the UK by Health Protection Agency.

Salmonella does not grow in food stored at temperatures lower than 7 °C; there-
fore, it is not a risk to public health in fresh-cut products, provided these products
are maintained at or below 7 °C. But, improper storage temperature combined with
the favorable conditions for growth on the surface of cut melons or cantaloupe were
factors that could contribute to the outbreak.

A wide spectrum of produce vehicles have been associated with Salmonella
infections. Prepared melon salad has been responsible for outbreaks of Salmonella
poona enteritis in the US (CDC 1991; Madden 1992). It has been shown that the
relatively high pH of the melon flesh (pH 5.9-6.7) permits rapid multiplication of
Salmonella when the melon is kept above refrigeration temperature (Golden et al.
1993). In papaya, growth was observed during 6 h at 25-27 °C at a pH of 5.7 and in
apples at pH 4.1 Salmonella spp. can survive during 66 h at 8 °C. Studies showed
that the pathogen can rapidly grow in damaged, chopped, or sliced tomatoes (pH
4.04.5) stored at 20-30 °C over a 1-3 day period (FDA 2001). At temperatures
lower than 5 °C, there was a gradual decline over a 12-day storage period.

In 2008, jalapefio and serrano peppers were vehicles for a large multistate out-
break of Salmonella serovar Saintpaul infections by CDC (2008). Examples of
other outbreaks of Salmonella enterica linked to ready-to-eat plant produce include
an outbreak in Scandinavia and the UK of serovar Thompson infections associated
with consumption of rocket leaves (Nygard et al. 2008).

Escherichia coli included Escherichia coli O157:H7: E. coli is a normal inhabitant
of the intestinal tract of animals; however, their occurrence indicates poor handling of
food during processing, use of equipment in poor sanitary conditions, or use of con-
taminated raw material (ICMSF 1978). The major groups of E. coli are designated as
enterotoxigenic, enterohaemorrhagic, enteropathogenic, enteroinvasive, diffuse-
adhering, and enteroaggregative (Doyle et al. 1997). E. coli is a Gram-negative,
motile, nonsporulating, rod-shaped, facultative anaerobic bacterium, mesophile.
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Some E. coli strains as E. coli O157:H7 and the recently involved in the German
outbreak E. coli O104:H5 are pathogens that produce verotoxins or shiga-like
enterotoxins (VTI/STEC).

E. coli O157:H7 grows rapidly at 30—42 °C, poorly at 44—45 °C, and does not
grow at <10 °C (Ray 1996). This pathogen was first recognized as a pathogen in
1982, when it was associated with two foodborne outbreaks of hemorrhagic colitis
(Doyle et al. 1997).

Strains of E. coli O157:H7 belong to the group enterohaemorrhagic being the
most frequently associated with outbreaks of hemorrhagic colitis that may progress
to hemolytic uremic syndrome. The pathogenicity of enterohaemorrhagic strains
seems to be associated with several factors, including the production of cytotoxins
called verotoxins or “shiga-like” toxins similar to the toxin produced by the bacte-
rium Shigella dysenteriae type 1 (Desmarchelier and Grau 1997). The infectious
dose is unknown but appears to be in the range of 10 cells per gram or milliliter of
food consumed (FDA/CFSAN 2001). The main characteristics that distinguish E.
coli O157: H7 from other E. coli strains are poor or no growth at 44 °C and the
inability to use the sorbitol and produce the enzyme B-glucuronidase (March and
Ratnam 1986; Meng et al. 1994). Therefore, they are not detected in analyzes of
fecal coliforms by the most probable number method which uses the fermentation
of lactose at 44.5 °C as a confirmatory test, or the direct analysis of E. coli using
substrates for the enzyme B-glucuronidase.

E. coli O157:H7 occurs in the intestinal tract of humans and other warm-blooded
animals, including cattle, deer, horses, goats, sheep, cats, dogs, rabbits and poultry,
with prevalence rates of up to 5.2 % (Knight 1993; WHO 1998; Fratamico et al.
2002) as well as in the faeces of wild birds, for example, starlings (Moller Nielsen
et al. 2004) and gulls (Wallace et al. 1997). The incidence in the faeces of the ani-
mals ranges from 0 to 10 % (Desmarchelier and Grau 1997). A survey of cattle
herds indicated that the prevalence of E. coli O157:H7 among feedlot animals was
as high as 36.8 % (Chapman et al. 1997). Wang et al. (1996) revealed that E. coli
O157:H7 survived in bovine faeces for 42-49 days at 37 °C, for 49-56 days at
22 °C, and for 63-70 days at 5 °C. Therefore, the researchers concluded that regula-
tions requiring the ageing of bovine manure for 60 days before using it as a fertilizer
were inadequate.

Houseflies can also serve as a vector of dissemination as they carry the pathogen
in their intestine and other parts of their body. Since cattle appear to be a natural
reservoir for the pathogen, with prevalence rates of 1.8-28 % (Fratamico et al.
2002), contamination of raw fruits and vegetables may occur when cattle
inadvertently enter fields, or improperly composted cow manure is applied as fertil-
izer (WHO 1998).

Since cattle appear to be a natural reservoir for the pathogen, most illness out-
breaks have been associated with the consumption of contaminated, undercooked
beef and dairy products. The potential for contamination may be enhanced when
fruits or vegetables have fallen from the plant to the ground and are then picked and
placed into the handling and processing chain. Also, because contaminated manure
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may become airborne dust particles, it is possible that fruits on trees and vines
become contaminated. Workers on farms and in packing houses may also be a
source of E. coli O157:H7. Therefore, livestock grazing in orchards may contami-
nate fallen apples with faeces and, as E. coli O157:H7 can proliferate in damaged
apple tissue (Stopforth et al. 2004), this can result in the contamination of unpas-
teurized fruit juices/ciders.

In accordance with the data from the Center for Disease Control and Prevention
(Olsen et al. 2000), fruits, vegetables, and salads represent about 20 % of food most
often implicated in outbreaks caused by enteropathogenic strains of E. coli, in the
period of 1993—-1997. Thus, in recent years an increase in the number of outbreaks
of E. coli O157: H7 associated with fruit, fruit juices, vegetables, and salads pre-
pared with vegetables or fresh produce has been observed. The salad in question
contained as ingredients onions, carrots, zucchini, peppers, broccoli, mushrooms,
and tomatoes (Beuchat 1996).

Studies have shown the survivability of E. coli O157: H7 in acidic and alcoholic
environment (Molina et al. 2003) and also that it can remain viable in different food
like lettuce, cucumber and carrots (Abdul-Raouf et al. 1993), cider (Semanchek and
Golden 1996), and commercial mayonnaise (Zhao and Doyle 1994).

In 1991, there was an outbreak of E. coli O157: H7 in the US by the consump-
tion of unpasteurized apple cider. It was suggested that the cider had been pro-
duced with cider apples collected from the ground and contaminated with cattle
manure. In 1993, an outbreak occurred by consumption of melons that were prob-
ably cross-contaminated with meat products handled in the kitchen (Feng 1995).
Therefore, some outbreaks associated with melon consumption were a result of an
infected food handler or cross-contamination from raw beef via knives, cutting
boards, or hands.

It was found by Del Rosario and Beuchat (1995) that growth of E. coli O157:H7
was observed on the rind of melons stored under high relative humidity at 25 °C for
14-22 days. The pathogen rapidly died on the rind surface of melons stored at
5 °C. Cut cantaloupe is considered a potentially hazardous food in the FDA Food
Code because it is capable of supporting the growth of pathogens due to its low
acidity, pH 5.2-6.7, and high water activity from 0.97 to 0.99.

In 1997, outbreaks of E. coli by consumption of alfalfa sprouts (CDC 1997) were
documented. The association with alfafa sprouts may be due to the volume con-
sumed, as these are the most popular type of sprouted seed commonly eaten raw.

At 25 °C, Red Delicious apples supported survival of E. coli O157:H7. Winesap
apples were the least favorable for survival of E. coli O157:H7 at 25 °C. At 10 °C,
survival of E. coli O157:H7 was poorest in ground Red Delicious apples. When
stored at 4 °C, Golden Delicious and Rome apples were not statistically different in
supporting survival of the pathogen (Fisher and Golden 1998).

According to US FDA review (2001), growth and survival of E. coli O157:H7 in
unpasteurized juices or apple ciders over the range 3.5-4.2 was reported. In
refrigeration temperatures (<8 °C), there appeared to be a decrease in levels of E.
coli O157:H7. But at am