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Preface

This book is a revised and expanded version of the book titled Postharvest Handling:
A Systems Approach published in 1993. Following the publication of the first book,
the application of systems thinking and a systems approach to postharvest han-
dling of fruits and vegetables has generated enough interest to stimulate the emer-
gence of a multidisciplinary group of scientists interested in the topic. The systems
approach applied to the fresh fruit and vegetable supply chain treats it as a single
entity focused on the delivery of quality desired by consumers. The entity consists of
individual businesses that increase benefits because they share the same values and
recognize the effects of cooperation for their individual trade reputation. Attributes
such as trust and reputation improve the competitive position of the fresh fruit and
vegetable industry relative to other segments of the food market.

The consumer is viewed as the ultimate powerbroker in systems approach.
Therefore, the sequence of this book’s chapters follows the path of information flow
beginning with the consumer and tracking back through the supply chain to the pro-
duction and breeding programs. Transparency of information flow about consumer
preferences reflected in purchasing decisions changes expectations along the supply
chain. Uninhibited information flow is vital to the sustainability of the whole industry.

A number of postharvest handling tasks remain narrowly defined and require an
advanced disciplinary approach to find solutions. Innovation of processes and prod-
ucts takes place and accelerates, new technologies are applied, and the range of fruit
and vegetable products broadens and diversifies into segments. However, any proposed
solution must find acceptance with consumers. Since the publication of the first edi-
tion of this book, consumer preferences have gradually been altered. The role of fresh
fruits and vegetables in nutrition, and their potential in disease prevention and health
maintenance has captured consumer attention and become a focus of international
organizations (e.g. WHO), national governments and the private sector. The rapidly
growing scientific evidence linking fresh fruit and vegetable consumption to well-
being has altered the decision-making process and behavior of people and institutions.

International and national programs have been formulated to increase the con-
sumption of fresh fruits and vegetables. However, the recommended consumption
still falls short of the recommended level in many parts of the world. International
trade in fresh fruits and vegetables is likely to increase significantly to offset changing
seasonal production, increase the variety offered and meet consumer expectations with
regard to desired attributes. Long-distance shipment of fresh produce brings with
it the emerging need to prevent contamination, especially microbial contamination.
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The ability to trace back any shipment quickly and accurately is the current issue
within the industry. It is traceability that provides the much needed justification to
tighten the cooperation among various links in the supply chain, turning the systems
approach from a management training tool to reality.

The informal multidisciplinary group of scientists interested in the practical side of
systems thinking application in the supply chain of fresh fruits and vegetables organ-
ized the First International Conference on Fruit and Vegetable Quality in Potsdam,
Germany, in 1997. It created a series of triennial conferences with the meeting in
Griffin, Georgia, USA, in 2000, Wageningen, the Netherlands in 2003, and Bangkok,
Thailand, in 2006. Since 2003 the group has been meeting under the auspices of
the ISHS. The group has recognized the critical importance of both physiology and
technology in improving the quality and handling of fresh fruits and vegetables. Its
mission has been to place this technical information in a broader systems context.
It is the desire of the editors of this current edition to stimulate, advance and chan-
nel research in postharvest of fresh fruits and vegetables to the ultimate benefit of
consumers, by increasing the awareness of interdependencies within this emerging
global sector.



List of Contributors

Nigel H. Banks, Scinnova Limited, Tauranga, New Zealand (Chapter 1)

Remigio Berruto, DEIAFA, University of Turin,Via L. Da Vinci, 44, 10095 —
Grugliasco (TO), Italy (Chapter 11)

Frank Bollen, Lincoln Ventures Ltd, Hamilton, New Zealand (Chapters 12 and 14)

Claudio Bonghi, Department of Environmental Agronomy and Crop Science,
University of Padova, Italy (Chapter 21)

Bernhard Brueckner, Institute for Vegetable and Ornamental Crops (IGZ) Theodor-
Echtermeyer-Weg 1, 14979 Grossbeeren, Germany (Chapters 4 and 22)

Inge Bulens, Flanders Centre of Postharvest Technology/BIOSY ST-MeBioS, Katholieke
Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven, Belgium (Chapter 15)

Patrizia Busato, DEIAFA, University of Turin,Via L. Da Vinci, 44, 10095 —
Grugliasco (TO), Italy (Chapter 11)

Ray Collins, School of Natural and Rural Systems Management, The University of
Queensland, Australia (Chapter 6)

Carlos H. Crisosto, Department of Plant Sciences, University of California, Davis,
One Shields Avenue, Davis, CA 95616 USA (Chapter 5)

Josse De Baerdemaeker, Flanders Centre of Postharvest Technology/BIOSYST-
MeBioS, Katholieke Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven,
Belgium (Chapter 15)

Bart De Ketelaere, Flanders Centre of Postharvest Technology/BIOSYST-MeBioS,
Katholieke Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven, Belgium
(Chapter 15)

Dr Gabriel Ezeike Food Science, University of Georgia, Griffin Campus, 1109
Experiment Street, Griffin, GA 30223, USA (Chapter 19)

Elazar Fallik, ARO — The Volcani Center, Institute of Food Technology and Storage
of Agricultural Products, P.O. Box 6, Bet Dagan 50250, Israel (Chapter 13)

Wojciech J. Florkowski, Agricultural and Applied Economics, 118F Food Science,
University of Georgia, Griffin Campus, GA 30223, USA (Chapter 22)

Jorge M. Fonseca, 6425 W. 8th Street, Yuma, AZ 85364, USA (Chapter 20)

Emanuela Fontana, Dipartimento di Agronomia, Selvicoltura e Gestione del Territorio,
Settore Orticoltura e Colture Officinali, Universita di Torino, Via Leonardo da Vinci
44, 10095, Grugliasco (Torino), Italy (Chapter 10)

Michael A. Gunderson, Food and Resource Economics Department, University of
Florida, Gainesville, FL, USA (Chapter 7)



xviii List of Contributors

Maarten L.A.T.M. Hertog, Flanders Centre of Postharvest Technology/BIOSY ST-
MeBioS, Katholieke Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven,
Belgium (Chapter 15)

Dr Yen-Con Hung, Food Science, University of Georgia, Griffin Campus, 1109
Experiment Street, Griffin, GA 30223, USA (Chapter 19)

Jeroen Lammertyn, Flanders Centre of Postharvest Technology/BIOSY ST-MeBioS,
Katholieke Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven, Belgium
(Chapter 15)

Susan Lurie, Department of Postharvest Science, Volcani Center, Agricultural
Research Organization, Bet Dagan, Israel (Chapter 16)

George A. Manganaris, Department of Plant Sciences, University of California,
Davis, One Shields Avenue, Davis, CA 95616, USA (Chapter 5)

Silvana Nicola, Dipartimento di Agronomia, Selvicoltura e Gestione del Territorio,
Settore Orticoltura e Colture Officinali, Universita di Torino, Via Leonardo da
Vinci 44, 10095, Grugliasco (Torino), Italy (Chapter 10)

Bart M. Nicolai, Flanders Centre of Postharvest Technology/BIOSYST-MeBioS,
Katholieke Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven, Belgium
(Chapter 15)

Umezuruike Linus Opara, Postharvest Technology Research Laboratory, College
of Agricultural and Marine Sciences, Sultan Qaboos University, Al Khod 123,
Muscat, Sultanate of Oman (Chapter 8)

Stanley E. Prussia, Biological and Agricultural Engineering Department, University
of Georgia, Griffin, GA 30223, USA (Chapters 2 and 14)

R.E. Schouten, Group HPC: Horticultural Supply Chains, Wageningen University
and Research, Wageningen, The Netherlands (Chapter 18)

Shlomo Sela, ARO — The Volcani Center, Institute of Food Technology and Storage
of Agricultural Products, P.O. Box 6, Bet Dagan 50250, Israel (Chapter 13)

Robert L. Shewfelt, Food Science and Technology, University of Georgia, Athens,
GA 30602, USA (Chapters 2, 17 and 22)

Gabriel O. Sozzi, Catedra de Fruticultura, Facultad de Agronomia, Universidad
de Buenos Aires. Avda. San Martin 4453. C 1417 DSE — Buenos Aires and
CONICET, Argentina (Chapter 5)

James A. Sterns, Food and Resource Economics Department, University of Florida,
Gainesville, FL, USA (Chapter 7)

Giorgio Tibaldi, Dipartimento di Agronomia, Selvicoltura e Gestione del Territorio,
Settore Orticoltura e Colture Officinali, Universita di Torino, Via Leonardo da
Vinci 44, 10095, Grugliasco (Torino), Italy (Chapter 10)

L.M.M. Tijskens, Group HPC: Horticultural Supply Chains, Wageningen University
and Research, Wageningen, The Netherlands (Chapter 18)

Pietro Tonutti, Scuola Superiore Sant’ Anna, Pisa, Italy (Chapter 21)

Pieter Verboven, Flanders Centre of Postharvest Technology/BIOSYST-MeBioS,
Katholieke Universiteit Leuven, Willem de Croylaan 42, 3001, Leuven, Belgium
(Chapter 15)

Ariel R. Vicente, Facultad de Ciencias Agrarias y Forestales. UNLP. Calle 60 y
119 s/n. CP 1900 La Plata Argentina y Centro de Investigacion y Desarrollo en



List of Contributors xix

Criotecnologia de Alimentos (CIDCA), and CONICET-UNLP. Calle 47 esq. 116.
CP 1900, La Plata, Argentina (Chapter 5)

Kerry B. Walsh, Centre for Plant and Water Science, Central Queensland University,
Rockhampton, Queensland, Australia (Chapter 9)

Wendy V. Wismer, Department of Agricultural, Food and Nutritional Science,
4-10 Ag-For Centre University of Alberta, Edmonton, Alberta, Canada T6G 2P5
(Chapter 3)

Allen F. Wysocki, Food and Resource Economics Department, University of Florida,
Gainesville, FL, USA (Chapter 7)



Postharvest Handling:
A Discipline that
Connects Commercial,
Social, Natural and
Scientific Systems

Nigel H. Banks

Scinnova Limited, Tauranga, New Zealand

|. Perceptions, needsandroles........ ... .. .. .. .. .. .. . . ... 1
I, Effects are Causes . . ..ottt e e e 2
Ill. Creating extraordinaryvalue. . ... ... ... .. .. .. .. ... ... ... . ... 4
IV. Making adifference ...... ... ... . . . .. ... 6
Bibliography . . . ... 6

I. Perceptions, needs and roles

Talk to any consumer and you’ll soon understand the rationale for the technologies,
science and systems described in this book. You’ll learn that they are seeking cer-
tainty (Owen et al., 2000; Batt, 2006; van der Vorst et al., 2007):

o certainty that the visual appearance of their purchases will be matched by a
rewarding sensory experience at the time of consumption;

o certainty that their produce purchases are safe, healthy and nutritious for them-
selves and their families;

e certainty that their purchases are supporting a sustainable and ethically sound
production system.

The information they seek is largely invisible at the time the produce is bought; their
purchases are made mostly on the basis of trust. This book is about the systems that
measure, monitor and manage the invisible things that consumers most value.

Postharvest Handling: A Systems Approach Copyright © 2009, Elsevier Inc.
ISBN: 978-0-12-374112-7 All rights reserved
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Talk to any grower and they will stress the central importance of postharvest sys-
tems to their livelihoods and lifestyles (Bijman, 2002). Through these systems, they
secure:

o information that enables them to grow and harvest intrinsically valuable crops;

e access to, and information about, consumers who will value the quality of the
crop they have grown, often distant in terms of time and space from sites of
production;

e ways to be able to characterize their crop that generate trust in buyers and
consumers.

The technologies you will read about in this book are tools with which value is cre-
ated in the grower’s crop.

Talk to any fresh produce marketer about how they create value for both consum-
ers and growers and they will tell you that they need to be able to design a high-value
proposition and to realize that value in the marketplace (Hughes, 2005). They will
also tell you that they are managing three interconnected opportunities and avoiding
their associated risks:

o achieving “managed scarcity” by avoiding the oversupply that is disastrous for
prices;

o matching differentiated product to appropriate market niches to avoid the high
opportunity cost of sending superior product to low-value markets and inferior
product to demanding, high-value markets;

e growing, segregating and delivering consistently superior quality to avoid the
negative impact of variable quality.

This book synthesizes knowledge about the disciplines that underpin the capacity of
a marketer, and the managers they work with, to address these opportunities.

The systems view of postharvest handling pioneered by the team at Georgia
(Prussia et al., 1986; Prussia and Mosqueda, 2006) that lies behind this book pro-
vides insight into ways to manage risks and uncertainties in produce supply and
information systems (“supply chains”), and how to turn each of them into an oppor-
tunity for developing valuable points of difference. The systems approach (Senge,
1990; Capra, 2002; Senge et al., 2005) provides rich, hierarchical and interactive
perspectives of all aspects of existence. Here, focused on postharvest handling, you
will augment your own tools for understanding, managing and innovating in fresh
produce supply chains.

Il. Effects are causes

The systems view makes it clear that the outcomes of making changes in a system
are themselves influential in further evolution of that system. The classic case of this
that benefits both consumers and growers, and is sought by marketers, is the “virtu-
ous cycle” (Senge, 1990). In a virtuous cycle, the valuable consequences of a change
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Rewards for superior Continually improving delivery
out-turn in market of product from grower

Figure 1.1 Virtuous cycle in delivery of superior product to market.

become reinforcers of that same change (Figure 1.1). Fresh produce supply chains
can enter a virtuous cycle of change when the positive effects of consumers having
superior experiences are fed right back through the chain, encouraging all partici-
pants to support initiatives that will deliver superior product. This concept has been
the guiding principle for ZESPRI’s “Taste ZESPRI” program, aimed at consistently
providing superior tasting fruit to its most discerning markets (Banks, 2003). Here,
the capacity of the market to respond to good quality with a positive signal (high
volume at high price) augments the capacity and willingness of growers to invest in
delivering superior quality. Implementation of the Taste ZESPRI strategy has been
paralleled by a 75% increase in volume of the company’s kiwifruit sales in key, high-
return markets since its introduction in 2001 (Jager, 2008).

Development of a virtuous cycle by such participants requires a common language
that they all understand. At its core, this involves a number of measures of success
that make it clear what each participant must do for the supply chain to excel. These
measures of success include a metric for describing and segregating product on
the basis of its intrinsic quality, a description of financial rewards that result from
increased consumer demand, and a payment mechanism that appropriately links
these two to incentivize delivery of superior product. When all of this is formalized,
it becomes part of an overall marketing and quality assurance system (Carriquiry and
Babcock, 2007), providing clarity on the value proposition for all participants in the
supply chain — a common feature of successful produce supply chains (Figure 1.2).

Trust among participants is a key ingredient for promoting effective communica-
tion in successful supply chains (Cadilhon et al., 2007; van der Vorst et al., 2007).
Reputations of individual participants are often influential to the willingness of oth-
ers to collaborate with them in forming or maintaining a supply chain; their ability
to support outstanding performance by others in the system is central to establishing
a virtuous cycle and driving success for the system as a whole. The hurdle of initial
uncertainty associated with unfamiliarity with new parties that exists in traditional
modes of business can now be overcome in electronic commerce through independent
ratings from users, or from widely known and trusted third parties (Fritz et al., 2007).
Brands provide a complementary mode of generating trust. Acting as shorthand for
perceived aspects of value for the best part of a century in fruit markets around the
world (Swan, 2000); brands support rapid decision-making by consumers facing a
plethora of complex information as they make fresh fruit purchases (Figure 1.3). By
acting as vehicles for integrating what is valued throughout marketing and production
systems, they build reputation throughout the supply chain (Florkowski, 2000).
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Figure 1.2 Flows of resources (product, physical, financial: outer flows) and information (inner flow) in
a fresh produce supply chain that create responsiveness to the needs of its participants and the capacity for

learning.

Purchase Experience
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N .7

Figure 1.3 Learning with a brand: with each cycle of purchase and consumption, the consumer’s
level of trust in the brand promise is modified according to experience. Simplified from: Andani and
MacFie (2000).

lll. Creating extraordinary value

Over the past few decades, there have been many examples of horticultural inves-
tors pursuing opportunities to capture the lucrative returns of growing and market-
ing exclusive, protected cultivars with highly desirable characteristics. By managing
the volume of production in relation to demand, investors can capture the benefits of
“managed scarcity,” and avoid the collapse in prices that follows from oversupply.
The success stories illustrate the new marketing space that can be created with well-
designed, branded new cultivars (e.g. Pink Lady™ apple, Chiquita Mini™ banana,
Dole Tropical Gold™ and Del Monte Gold super-sweet pineapples, Driscoll’s™
strawberries, Sun-World™ peaches, ZESPRI GOLD™ kiwifruit). However, owning
the protected plants in the ground is just the first of many hurdles to be overcome in
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Figure 1.4 Creating extraordinary value. The capacities to be able to design high-value propositions
and to be able to realize their potential are the two overarching core competencies of an effective

supply chain. These core competencies are emergent properties of the complex system of supply and
information flow that the supply chain comprises. They are the fundamental requirements for creating
extraordinary value. The figure has been developed from a generic overview of business models presented
by Osterwalder (2004), the concepts of co-creation of value (Prahalad and Ramaswamy, 2004) and the
virtuous cycle (Senge, 1990). (It is licensed by Scinnova Limited under the Creative Commons Attribution-
Share Alike 3.0 New Zealand Licence. To view a copy of this licence, visit http://creativecommons.
org/licenses/by-sa/3.0/nz.)

securing high returns. In addition to the marketing costs of creating awareness of a
new offering in international markets and discovering the strongest market for the
new product, there is a diverse range of other sources of cost in establishing a suc-
cessful supply chain. Over the first few years, best practice for production must be
developed, characterized and implemented. Postharvest handling operations (segre-
gation, labeling and packing, cool storage, transport) are developed and optimized,
taking into account impact on consumer satisfaction, and levels of losses and returns
for participants in the supply chain. Consumers have to be made aware of the offer-
ing and its special features, and a distribution network must be established.

For any new peach or banana, the design of the offering and supply chain is cen-
tral, as in all business systems (Osterwalder, 2004; van der Vorst et al., 2007). At the
same time, capacity for implementation is what takes the proposition from the draw-
ing board to commercial reality. These two capabilities are emergent competencies
of successful supply chains (Figure 1.4).
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In the systems view of a fresh produce supply chain, consumers and markets
are no longer simply targets. Growers and suppliers are no longer simply pro-
ducing goods to sell. All are participants in a system for creating value. It is the
integrated capacity of a supply chain for recognizing and responding to shared
perceptions of value amongst its participants that enables both design and con-
tinually increasing realization of extraordinary value (Prahalad and Ramaswamy,
2004; Shewfelt, 2006).

Successful supply chains are those in which outstanding design and delivery work
in a virtuous cycle to create and maintain extraordinary value. Functioning as learn-
ing systems (Wysocki et al., 2006), they generate self-sustaining patterns of flow that
respond appropriately to challenges, providing ongoing high returns. Such supply
chains address the opportunity to deliver rewarding eating experiences to appreciative
consumers in the form of safe, healthy and nutritious produce sourced from sustain-
able systems. They create scope for growers to respond to market signals, produc-
ing crops that consumers will value and reward them for. They enable marketers and
managers to provide frameworks for sharing valuable information and for matching
product quality and quantity with market opportunities. When the supply chain is
working well, all of its participants understand why they are succeeding and value
their success.

IV. Making a difference

We all want to make a difference. Whether our focus is on the commercial, social,
natural or scientific world, we seek to enhance the well-being of what we care about.
Postharvest handling is a discipline that connects all of these systems, providing so
many opportunities to change things for the better. This book is about developing
understanding of how health-giving fresh produce is currently delivered into the
homes of people around the world. It is also about developing insight into a future
in which the opportunities for doing this more reliably, more profitably and more
meaningfully have been realized, to the benefit of consumers, growers and marketers
alike.
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I. Handling of fruits and vegetables from
farm to consumer

Scientific research is usually directed at narrowly defined problems, using hypothesis
testing or empirical observation to draw conclusions. Efficient handling and distribution
of fresh fruits and vegetables is the direct result of the current understanding of posthar-
vest physiology and the development of new technologies from highly focused studies.
Before studying the handling system, the component handling steps must be understood
and integrated to optimize the system, rather than to optimize a specific handling step.

Postharvest Handling: A Systems Approach Copyright © 2009, Elsevier Inc.
ISBN: 978-0-12-374112-7 All rights reserved
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A. Production phase operations

Although the emphasis of this book is postharvest handling, conditions in the field
before harvest influence quality and shelf life after harvest. Genetic potential, growing
conditions and cultural practices all influence quality at harvest, as well as shipping
and storage stability. The relationship between preharvest factors and postharvest qual-
ity is complex, and not well-understood. For example, Lee and Kader (2000) conclude
that the vitamin C content of fruit and vegetable crops is affected by cultural factors,
genotype and weather conditions. Woolf and Ferguson (2000) emphasize the critical
role preharvest temperature plays in postharvest quality of fruits, such as avocado.

Plant breeders must satisfy many requirements in the breeding and selection of
commercial cultivars. Most importantly, a cultivar must produce high yields under a
wide range of growing conditions. Current attention is focused on greater resistance
to stress, disease and insects, because of increasing consumer concern about the safety
of agricultural chemicals. Uniformity of maturity at harvest permits the use of once-
over harvest techniques. Resistance to mechanical damage during harvesting or subse-
quent handling operations improves shipping and storage stability. Flavor and nutrient
composition are important to the consumer, but maintenance of acceptable appearance
and firmness or turgor is more important to other buyers within the handling system.
Achieving all these desirable characteristics in a single genotype is a difficult task and
thus, a cultivar usually is judged by its most limiting characteristic.

Most commercial cultivars are selected primarily on the basis of potential yield over
a range of growing conditions, with the idea of maintaining an acceptable level of
shipping quality. Biotechnological techniques, such as cell culture and genetic engi-
neering, greatly accelerate the breeding and selection process. Cell culture techniques
have the potential to provide a means to screen large numbers of genotypes for spe-
cific traits, but the journey from culture tube to commercial cultivar is a long and dif-
ficult one. Advances in genetics and genetic engineering offer potential for improved
quality, but further advances will be limited by a lack of understanding of many basic
physiological processes and unexpected modification of unrelated traits.

Growing conditions play an important role in postharvest performance of harvested
crops. Preharvest stress conditions can affect the flavor, microbial quality and compo-
sition of a fruit or vegetable. Cultural practices are chosen for other reasons, including
maximizing yield, minimizing visual damage and improving efficiency of farm opera-
tions. Row spacing and training regimes facilitate field operations, such as harvest or
the application of agricultural chemicals. Growth regulators promote common growth
patterns of crops, resulting in greater uniformity of maturity at harvest. The pressure to
reduce the use of agricultural chemicals resulted in development of a strategy of inte-
grated pest management (IPM), which seeks to apply chemicals only when required to
prevent economic damage (Kogan, 1998). IPM helps reduce pesticide use, but requires
close monitoring and a good understanding of the biology of the crop and the pests.

B. Harvest

By definition, postharvest handling begins at harvest. Numerous reviews point to the
importance of the maturity of the crop at harvest on subsequent postharvest quality
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and shelf life (Ahumada and Cantwell, 1996; Crisosto et al., 1997; Dixon and Hewitt,
2000; Lee and Kader, 2000; Shewfelt, 2000). Determination of the harvest date is
based on yield, visual appearance, anticipated prices, estimated culling losses to
achieve shipping quality and field conditions. Harvesting is accomplished by hand,
by mechanically assisted picking devices, or by mechanical harvesters (Prussia and
Woodroof, 1986; Shewfelt and Henderson, 2003). Robotics offers the long-term
potential of combining the efficiency of machines with the selectivity of humans
(Edan, 1995; Hayashi et al., 2002; Van Henten et al., 2003). Factors during harvest-
ing operations that can influence postharvest quality include the degree of severity of
mechanical damage induced by machine or human, the accuracy of selecting accept-
able and unacceptable fruit, the time of day of harvest and the pulp temperature at
harvest (Prussia and Woodroof, 1986).

C. Packing

Placement of the harvested crop into shipping containers is one of many activities
described as packing operations. Packing may occur directly in the field, or in spe-
cially designed facilities called packing houses. Most packing operations include
a means of removing foreign objects, sorting to remove substandard items, sorting
into selected size categories, inspecting samples to ensure that the fruit or vegeta-
ble lot meets a specified standard of quality and packing into a shipping container.
Some commodities are washed to remove soil and decrease microbial load. Many
commodities are pre-cooled to remove field heat and slow down physiological proc-
esses (Talbott et al., 1991; Tetteh et al., 2004). Some special functions, such as
the removal of trichomes (fuzz) from peaches, are also part of packing operations
(Kays and Paull, 2004). Each operation is designed to achieve a product of uni-
form quality, but each handling step provides the opportunity to induce damage or
disease.

D. Transportation

The wide availability of fresh fruits and vegetables year round, and the availability
of items for sale where they cannot be grown, is a triumph of modern transportation
systems. The primary transportation step carries the crop from the growing region
to the selling region. This trip may be cross-continent by truck or rail, overseas by
ship or plane, or across the county line in a pickup truck. Minimizing mechanical
damage, maintaining proper temperatures, and ensuring commodity compatibil-
ity are the most important considerations in transportation operations. Mechanical
damage occurs during loading, unloading and stacking operations or from shock and
vibration during transport (Crisosto et al., 1993; Chonhenchob and Singh, 2003).
Shipment of a load at or near its optimal temperature is affected by the initial tem-
perature, refrigeration capacity, condition of refrigeration equipment and degree of
airflow around the product. Construction of the shipping container, proper alignment
of the vent holes in the containers, and use of approved and appropriate stacking pat-
terns ensures adequate airflow.
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Attention must be given to commodity compatibility within a load. Ethylene-
sensitive commodities, such as lettuce, should not be shipped with ethylene generators,
such as apples. A complete description of compatible and incompatible commodities
is available (Ashby, 1995). The most common cause of freight claims is load shifting
and crushing, but the costliest claims are the result of inadequate temperature control
(Beilock, 1988).

Other transportation steps are also important in quality maintenance, for example,
from field to packing facility and from wholesale distribution point to retail outlet.
The same principles that apply to long-distance shipments apply to short-distance
ones, but handling practices tend to receive less attention when the shipping dis-
tance is short. Fields and rural roads are usually bumpier than highways, thus
vehicles hauling the harvested crop from field to packing house are generally not
as capable of preventing shock and vibration damage as are tractor—trailer rigs.
The delay of cooling of a crop is affected by the time required to load a vehi-
cle in the field, the distance from field to packing house, the speed of the vehicle
and the number of vehicles waiting to be unloaded at the packing house (Garner
et al., 1987). The trip from wholesale warehouse to retail outlet brings together a
wide range of commodities arranged by store. Mechanical damage results from shift-
ing of loads in transport or crushing of cartons, due to the unconventional stacking
of containers with differing sizes, shapes and strengths. Quality losses can also result
from inadequate temperature control or product incompatibility. Even the most care-
ful attention to proper stacking methods and proper temperature management can
be defeated on loading docks by rough handling or long delays in non-refrigerated
conditions.

Local purchasing options are now being emphasized to improve the flavor and
nutritional quality of fresh produce and to do less damage to the environment
(Nestle, 2006; Pollan, 2006). The emphasis is on the reduction of food miles or
the miles a food product travels from harvest to market (Jones, 2002; Pretty et al.,
2005). As food miles decrease, the time between harvest and consumption should
decrease, leading to a decrease in loss of vitamins and lower fossil fuel consump-
tion. Local produce is more likely to be harvested at peak maturity, resulting in bet-
ter flavor and higher vitamin content, than crops harvested at a less mature stage.
The concept of food miles is over-simplistic, and may not accurately reflect the
impact on quality or on carbon consumption. Fruits and vegetables picked at peak
maturity also deteriorate more rapidly, particularly when they are stored under the
less-than-optimal conditions typical of local handling systems (Lee and Kader,
2000). In addition, the fuel efficiency of vehicles carrying smaller loads of produce
to markets, and trips in consumer’s private vehicles to buy a single item (Pollan,
2006) or to shop at multiple markets for different items rather than one-stop shop-
ping, are likely to decrease the benefit of local products in combating global warm-
ing. Overseas shipment by ship and transport by rail are more energy-efficient than
truck transport. Farming systems in Europe and North America are frequently more
carbon-intensive than in other growing locations, such that even long shipments
may represent a smaller carbon footprint than those grown locally (Saunders et al.,
2006).
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E. Storage

Within the handling system, fruits and vegetables are placed in storage from a few hours
up to several months, depending on the commodity and storage conditions. Storage of a
commodity serves as a means to extend the season, to delay marketing until prices rise,
to provide a reserve for more uniform retail distribution, or to reduce the frequency of
purchase by the consumer or food service establishment. The commodity must have
sufficient shelf life to remain acceptable from harvest to consumption.

The shelf life of a fruit or vegetable during storage is dependent on its initial quality,
its storage stability, the external conditions and the handling methods. Shelf life can be
extended by maintaining a commodity at its optimal temperature, relative humidity (RH)
and environmental conditions, as well as by the use of chemical preservatives or gamma
irradiation treatment (Shewfelt, 1986; Lee and Kader, 2000). An extensive list of opti-
mal storage temperatures and RHs with anticipated shelf life is available (Gross et al.,
2004). Controlled atmosphere storage is a commercially effective means of extending
the season of apples (Lavilla et al., 1999). Atmosphere modification within wholesale
or retail packages is a further extension of this technology. Modification of the atmos-
phere is achieved by setting initial conditions and using absorbent compounds to limit
carbon dioxide (CO,) and ethylene (C,H,) concentrations (Kader et al., 1989; Labuza
and Breene, 1989). Use of gamma irradiation extends the shelf life of some commodi-
ties, particularly strawberries (Yu et al., 1996; Prakesh et al., 2000). The application of
1-methylcylclopropene (1-MCP) can delay ripening by slowing respiration and volatile
compound generation (Golding et al., 1999).

Physiological disorders that reduce the acceptability of susceptible commodities
can develop during storage. Chilling injury (damage incurred at low temperatures
above the freezing point) leads to a wide range of quality defects (O’Conner-Shaw
et al., 1994; Butz et al., 2005). Crops may also be sensitive to high levels of CO, or
C,H,, low levels of oxygen, water stress due to high transpiration, high temperatures
and irradiation (Kays and Paull, 1987).

F. Retail distribution

The ultimate destination of most fresh fruits and vegetables is the retail market,
where a consumer makes the final decision to accept or reject the product. Retail
distribution is the most visible of all handling steps, and frequently the least con-
trolled. Merchandising displays are designed to enhance quick, impulsive purchases,
not necessarily to maintain quality. Conditions within the outlet (temperature, RH,
lighting), close display of incompatible commodities (e.g. ethylene producers with
ethylene-susceptible species), length of exposure to conditions or incompatible
commodities (e.g. highly perishable items and chilling-susceptible fruits), and the
degree and severity of handling by store personnel or consumers all affect quality
and acceptability. Addition of ice, to lower temperatures and maintain high RH, and
timed water misting are examples of techniques used to maintain quality. The most
effective way to prevent quality losses at retail, however, is a rapid turnover of stock
on the shelves. Because it is the only part of the process most consumers see, retail
distribution provides an excellent opportunity to communicate with the consumer.
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Il. Towards a more integrated approach to
handling

As a result of physiological and technological studies, guidelines for the efficient
management of fresh fruits and vegetables are available for each handling step
described earlier. Although these guidelines are not always followed, postharvest
technologists do know how to handle produce correctly at each step. A basic premise
of this book however, is that many handlers of produce within the postharvest sys-
tem do not have a good understanding of the interaction between handling steps.
Optimization of each handling step does not necessarily result in the best handling
system. In extreme cases, an emphasis on individual handling steps results in poorer
final quality. Questions that need to be answered to improve postharvest handling
that have not been adequately studied by conventional approaches include:

1. How do preharvest cultural factors affect consumer acceptability?

2. How does storage at non-optimal conditions affect quality and consumer
acceptability?

3. Are handlers who adopt new methods that result in enhanced consumer accept-
ability properly rewarded for their improvements?

To answer these and other questions that require an understanding of the interaction
of various handling steps, a greater integration of specialized expertise and research
perspectives is needed. We propose emphasis on integrated studies between:

o postharvest technologists and postharvest physiologists;

o crop production (horticulture, entomology, pathology) and utilization (econom-
ics, engineering, food science) disciplines;

o university laboratories and commercial establishments; and

o field and quality assurance departments within food processing companies.

Such studies require a better definition of commercially relevant goals (economics,
quality, shelf life) within the confines of environmental and economic constraints.
Successful interaction of “basic” and “applied” research is synergistic. Technological
problems require immediate attention, which stimulates basic inquiry into underlying
physiological mechanisms. New basic knowledge suggests, in turn, new approaches
and solutions to old problems.

With an improved knowledge of interactions between handling steps, and a clearer
understanding of the ultimate goals, integrated handling systems can be developed
that incorporate answers to the questions posed earlier (Figure 2.1). Traditional post-
harvest studies alone are not capable of answering these questions. The adoption of a
systems approach provides a context for future advances in postharvest science and
its commercial application.

Operations research is the scientific discipline that emerged from the need to pro-
vide troops with necessary supplies at appropriate times in World War II (Karnopp
and Rosenberg, 1975). A systems approach, derived from operations research,
seeks to provide a means of studying broader issues than those addressed by the
typical, narrowly-focused approaches employed by most scientists (Ikerd, 1993;
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Figure 2.1 An integration of handling steps from farm to retail is the key to quality.

Checkland, 2000; Shewfelt and Briickner, 2000; Tijskens and Vollebregt, 2003;
Purvis et al., 2006).

lll. Challenges amenable to systems solutions

Research with selected fruits and vegetables (Prussia and Shewfelt, 1985; Shewfelt
et al., 1986; Jordan et al., 1990; Hampson and Quamme, 2000; Jaseger et al., 2003;
Crisosto et al., 2006) reveals several critical problems that require systems studies
to provide meaningful solutions. Particular attention is required to identify condi-
tions encountered in postharvest handling that affect consumer acceptability, as well
as preharvest factors that influence postharvest quality. Research challenges that are
particularly amenable to systems solutions include stress physiology, quality man-
agement, marketing and food safety.

A. Stress physiology

An “aberrant change in physiological processes brought about by one or a combina-
tion of environmental biological factors” is known as the stress response (Hale and
Orcutt, 1987). Almost any handling technique used to keep harvested crops fresh for
an extended period of time causes some stress to that tissue. Temperature extremes,
desiccation, microbial invasion, gaseous atmosphere, light and mechanical handling
can all induce stress in a harvested fruit or vegetable. Certain fruits and vegetables
are susceptible to disorders, such as chilling, freezing and CO, injury. Many factors
are implicated in the syndromes associated with stress response, but the physiological
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mechanisms of these responses remain elusive. Advances in molecular biology
promise to provide techniques that will help unravel the physiological basis of quality
degradation (Davey et al., 2006; Toivonen, 2006; Inaba, 2007).

B. Quality management

Quality assurance is an integral part of most manufacturing industries, including
food processing. There is less motivation to develop quality management programs
for fresh produce than for other food items, partly because of the generic nature of
produce marketing and the difficulty of applying principles developed for processed
foods to living, respiring tissue. The primary differences between fresh and proc-
essed foods that affect quality management factors include:

o fresh fruits and vegetables are maintained in recognizable form, whereas proc-
essed products are modified;

o variability in response to storage conditions among different items in the same
lot is much greater in fresh fruits and vegetables than in processed products;

o the relationship between physiological processes and food quality has not been
defined clearly in many fresh fruits and vegetables; and

o latent damage is a greater factor in quality losses in fresh produce than in proc-
essed products.

The fruit and vegetable processing industry is able to avoid these problems by (1)
treating the crop as raw material, thus mixing lots of varying composition to produce
a product that meets uniform product specifications, and (2) inactivating physiological
processes during food processing operations. Despite these drawbacks, frameworks
from Australia (Holt and Schoorl, 1981), Israel (Lidror and Prussia, 1990), Germany
(Huyskens-Keil and Schreiner, 2003; Briickner, 2006) and The Netherlands (Tijskens
and Vollebregt, 2003) provide a basis for quality management of fresh produce.

C. Marketing

Fresh produce is a major profit center for supermarket food chains. Fierce competi-
tion among chains is changing the merchandising of fresh items. With the exception
of a few commodities, most fresh fruits and vegetables are marketed at retail in bulk
displays without brand identification. Brands are used in marketing schemes of ship-
pers directed at wholesale distributors, but whether brands will have an impact at
retail distribution points is still uncertain (Shewfelt, 2000b; Hayward and Le Heron,
2002; Fernandez-Barcala and Gonzalez-Diaz, 2006).

Displays of consumer information, including nutritional composition, handling
and preparation suggestions, point of origin and “best if consumed by” dates are part
of the merchandising process in many outlets. Price look-up codes (PLUs) are being
used to track fresh produce for category management at the retail outlet (Calvin et al.,
2001), but they are not being full exploited in communicating information to the con-
sumer or back through the handling system. Retail distribution is arguably the most
important step of the entire postharvest system for determining consumer acceptabil-
ity, yet this step may be the least understood in physiological and technological terms.
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D. Food safety

The growing demand for fresh fruits and vegetables by health-conscious consum-
ers also results in increased concern about food safety. Media attention to the use of
agricultural chemicals to maintain “cosmetic” quality of fresh produce has height-
ened this concern. It is not clear how much pesticide use can be reduced without loss
of visual quality of fresh fruits and vegetables, nor is it clear how lower visual qual-
ity would affect consumption (Institute of Food Technologists (IFT), 1990; Bushway
et al., 2002).

It is becoming more apparent that the true safety dangers of fresh produce come
from pathogenic microorganisms, and not from pesticides (Brandl, 2006). Preharvest
contamination from manure, sludge and run-off water is a major factor in outbreaks
(Beuchat, 2006), but evidence is not conclusive on whether organic produce presents
greater risk of food-borne outbreaks (Magkos, 2006). Better control of irrigation water
has been suggested as a means of decreasing food-associated outbreaks (Tyrell et al.,
2006). Sanitizers in the packing house can be effective for some items, but they should
not be seen as a substitute for good sanitation practices within the handling system
(Alvarado-Casillas et al., 2007). Refrigeration temperatures, once thought to guarantee
the safety of fresh fruits and vegetables, do not protect fresh produce from psychotropic
pathogens such as Listeria (Dallaire et al., 2006). Edible coatings can contain inhibitors
to microbial growth on fresh and fresh-cut fruits and vegetables (Lin and Zhao, 2007).

E. Working at the interfaces of the postharvest system

When we initiated research on the application of the systems approach to the han-
dling of fresh fruits and vegetables, we tended to study the postharvest system in
isolation, and ignore what happened before harvest (production) or after retail sale
(home storage and consumption). We soon learned the limitations of this perspective.
Much of the variation observed during postharvest storage was attributable to prehar-
vest factors. In addition, the key to increasing the amount of an item consumed and
the economic value of the item lies in understanding consumer desires. Progress in
quality improvement of fresh fruits and vegetables will be made possible by working
at the interfaces of the system (Figure 2.2) and providing:

e a clearer specification of quality and value of an item from the consumer
perspective;

o an ability to understand preharvest factors that contribute to sample variability
and predetermine storage stability; and

e ameans to predict mathematically the period of optimum marketability under a
specified set of handling conditions.

The remainder of this book places postharvest handling in a systems context. In the orig-
inal edition of this book (Shewfelt and Prussia, 1993) we proposed a systems approach
as a new paradigm for postharvest research. A series of international conferences based
on this concept have been held in Potsdam, Germany (Shewfelt and Briickner, 2000),
Griffin, GA, USA (Florkowski et al., 2000), Wageningen, The Netherlands (Tijskens
and Vollebregt, 2003) and Bangkok, Thailand (Purvis et al., 2006).
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Figure 2.2 A generalized postharvest handling system and its interfaces with production systems and
the consumer.
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I. Current fresh produce eating habits

The absolute availability of fresh fruits and vegetables is closely associated with
their consumption (Ritson and Hutchins, 1991), and as such can dictate fresh pro-
duce eating habits. Per capita availability of fruits and vegetables is highest in the
Mediterranean (Mitchell, 2004). Greece, for instance, has reported that 282 kilograms
of vegetables and 175 kilograms of fruit are available per person per annum, respec-
tively, while the respective availabilities in the United Kingdom (UK) are only 89 kilo-
grams of vegetables and 86 kilograms of fruit per person per annum (Mitchell, 2004).
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The importance of climate, as it relates to the availability of fruits and vegetables, is
well-appreciated in Scotland, where poor growing conditions exist for most fruits and
vegetables, and consumer habits force grocers to sell only the fruits which are most
popular (Anderson et al., 1994).

Dietary patterns in Finland and Sweden have historically been low in fruit and veg-
etable consumption, due to the lack of a good climate and the necessary land available
to grow these products cheaply (Mitchell, 2004). Climate, availability, product famili-
arity and price are closely linked to consumption and a country’s traditional dietary
pattern. Recently however, with both increased incomes and trade in the European
Union, these traditional diets are changing and often converging, resulting in increased
fruit and vegetable consumption in countries where historically it has been low.

A. Global

Although the World Health Organization (WHO) recommends 400 grams of fruits
and vegetables per person per day to reduce the risk of non-communicable diseases
and improve overall health, WHO data suggest that inhabitants of most African coun-
tries and some Eastern European, Asian and South American countries consume less
than this amount. Residents of the remainder of South America, as well as Australia,
Greenland and Western Europe, consume slightly more than the WHO guidelines
(400 to 600 grams per person per day), while consumption in North America and
China, as well some Middle Eastern countries, is greater than the WHO guidelines
(600 to 800 grams per person per day). Fruit and vegetable consumption is highest in
Mediterranean countries, where it may exceed 1000 grams per person per day.

B. North America

In Canada, the available amount of fresh fruit and vegetables increased from the 1970s
to the early 1990s, by 39% and 24%, respectively, from 1972 to 1992. Since then, the
amount of fresh fruits has increased steadily, while vegetable availability has remained
constant (Statistics Canada, 2007). Canadians consumed 37.6 kilograms of fresh fruit
per person in 2005 and 37.8 kilograms of fresh vegetables. The percentage of vegetables
consumed as fresh in Canada has stayed constant, at around 80%, during the 1970 to
2005 period (Statistics Canada, 2007). Domestic produce remains popular (for example,
apples, carrots, potatoes), but consumption of more exotic fresh produce such as man-
goes, papayas and pineapples has increased, and traditional imports such as bananas and
grapes also remain popular (Statistics Canada, 2007). The increase in fruit and vegetable
consumption in all forms suggests a potential market for increased sales (Faye, 2004).

A similar consumption trend is observed in the US, where the total amount of fruits
and vegetables available for consumption has increased by 20% from 1970 to 2005
(Wells and Buzby, 2007). Fresh vegetable consumption was approximately 60% of
total vegetable consumption during the same period (USDA ERS, 2007). The respec-
tive availabilities of fruits and vegetables are 134 kilograms and 109 kilograms per
person per annum with apples, potatoes and tomatoes available in the greatest quanti-
ties (Wells and Buzby, 2007).
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According to the Food and Agriculture Organization (FAO) statistics, fruit and
vegetable consumption in Mexico is 400—600 grams per person per day (FAO, 2003).
Fresh fruit consumption was 113 kilograms per person per year from 1999 to 2001,
while fresh vegetable consumption was 72 kilograms. Oranges, bananas, mangoes,
coconuts, limes and lemons were the most popular fruits, while potatoes, tomatoes
and chilli peppers were the most popular vegetables (Stout et al., 2004).

Despite the easy availability of fruits and vegetables, the Centers for Disease
Control and Prevention (CDC) report that Americans continue to struggle to consume
at least five portions a day (Mitchell, 2004; CDC, 2007), as do Canadians (Garriguet,
2004). The WHO suggests that worldwide fruit and vegetable consumption is 20-50%
of the recommended minimum (FAO, 2006).

The inability to consume sufficient fresh produce on a daily basis to maintain a
healthy diet and prevent major diseases, such as cardiovascular disease and some
cancers, is of concern to the WHO, whose mandate is to improve global public health
(WHO, 2004). To promote the consumption of fruits and vegetables the WHO is
working with a variety of programs, both national (e.g. “Go for 2&5®” in Australia,
“5 al dia” in Chile) and regional (e.g. IFAVA, International Fruit and Vegetables
Alliance; EPBH, European Partnerships for Fruits, Vegetables and Better Health). The
WHO “Fruit and Vegetable Promotion Initiative” (WHO, 2003) has identified that, in
addition to monitoring fruit and vegetable production and consumption and evaluat-
ing promotion programs, the knowledge of supply and demand factors that influence
consumption must also be studied. Personal and situational variables that influence
fresh produce consumption, including accessibility, price, income, gender and age are
discussed further in this chapter in Section IV.

A further challenge to the interpretation of fruit and vegetable consumption data
is that the reported amount of consumption does not account for fruit and vegetable
waste between the grocery store and the dining table, as well as subsequent house-
hold waste (WHO, 2003). The WHO estimates this loss to be 33% on average (WHO,
2003). During household preparation fruits and vegetables are trimmed of inedible
or undesirable portions, and the resulting edible portion is a percentage of the weight
of the “as purchased” product that can range from 66% for leaf lettuce to 99% for
tomatoes (Molt, 2001). After a meal, the food remaining on a plate to be discarded
is measured as “plate waste” (Engstrom and Carlsson-Kanyama, 2004), and this
measure gives an insight into the desirability of the served food products (Connors
and Rozell, 2004). Plate waste assessments often indicate that fruits and vegetables
are not consumed to the same extent as other foods served. Engstrém and Carlsson-
Kanyama (2004) measured food loss from food service institutions in Stockholm,
Sweden. They observed that plate waste was the largest contributor to food waste in
institutions and restaurants, and on average was 11% to 13% of the amount of food
served. In restaurants, vegetables represented the majority of plate waste. In a study
of meals served in an acute care hospital in North Texas, a plate waste assessment
revealed that all vegetables served to adult patients were consumed at less than the
desirable benchmark value of intake, while fruit consumption exceed the benchmark
value (Connors and Rozell, 2004). Plate waste of sixth-graders (n = 743) in a school
lunch program in Kentucky was approximately 30% for vegetables, and 36-52%
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for fruits (Marlette et al., 2005). Plate waste was influenced by the food preparation
method (i.e. apple sauce was preferred to whole apples), and in particular, fruit waste
was negatively influenced by the availability of competitive food items in the school
which were often high in fat and/or sugar and served to decrease the nutritional value
of lunch.

The comparison of fruit and vegetable consumption on the global scale illustrates
the diversity of regional eating habits, and suggests the presence of different regional
factors influencing fruit and vegetable consumption habits. Geographic factors, such
as climate and arable land usage, are related to availability and consumption of fresh
fruits and vegetables. National trade policies regarding imports and exports and other
government strategies also impact the availability of fruits and vegetables (Mitchell,
2004). Regional availability dictated by climate and geopolitical factors influencing
fruit and vegetable consumption provides the background for the complex analysis
of consumer eating habits of fresh fruits and vegetables.

There are a multitude of paradigms by which food choice and eating variables can
be related. For the purposes of this chapter, the paradigm of consumer-perceived
quality is a useful method for grouping these variables, because quality is a core con-
cept of consumer satisfaction (Oude Ophuis and van Trijp, 1995). As Harker et al.
(2003) and Poole et al. (2007) suggest quality, in the eyes of the consumer, should be
the focus for advancing the horticultural industry.

Il. How do consumers define quality?

Steenkamp (1990) suggested that successful industries will generate products of a
quality that is defined by consumers, quality that is “dependent on the perceptions,
needs and goals of the consumer” rather than objective quality that is based on an
innate measurable and predetermined standard. Oude Ophuis and van Trijp (1995)
apply the principle of consumer-perceived quality to successful consumer-driven
food product development. They describe quality as a “multi-faceted concept” for
which consumers use both quality attributes and quality cues to form their assess-
ment of perceived quality. Quality cues are observable product characteristics that
can be intrinsic (e.g. appearance, color, shape, size, structure) or extrinsic (e.g. price,
brand, nutritional information, production information, country of origin). Quality
attributes are abstract, and can be based on experience (e.g. taste, freshness, conven-
ience) or perceived benefits (e.g. healthfulness, naturalness, animal and/or environ-
mentally friendly). The perceived benefit quality attributes are known as credence
quality attributes, as the benefits cannot be experienced directly and information or
judgment by others forms the basis of the perceived benefits. Together these dimen-
sions of quality, the intrinsic and extrinsic quality cues and the experience and cre-
dence quality attributes, are integrated to develop a picture for the consumer of
perceived quality.

The horticultural industry has traditionally focused on intrinsic quality cues, such
as appearance and the assessment of texture by instrumental methods, and has only
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relatively recently promoted fresh produce’s extrinsic quality cues, such as nutritional
and production information, brand name and price. Given the preceding descrip-
tion of consumer-perceived quality, with its numerous quality dimensions and the
knowledge that the importance of these dimensions differs among individuals, it fol-
lows that there is not a single universal definition of quality for any product, food or
nonfood. Consumer-perceived quality is clearly an individual assessment however;
groups of individuals with similar values and demographics may represent consumer
segments with similar expectations of fruit and vegetable quality. These consumer
segments, or niche markets, represent both the challenges and opportunities for the
horticultural industry of matching products with people. A variety of techniques
from the field of sensory and consumer science have been used to match the product
quality cues (i.e. appearance) and experiential attributes (i.e. taste) to preferences of
target markets. Currently, a number of such techniques are being used successfully
to select markets for kiwifruit (Jaeger et al., 2003a) and pears (Jaeger et al., 2003b;
Gamble et al., 2006). The intrinsic quality cue information, combined with knowl-
edge of the consumer segment’s perceived quality attributes, is currently suggested
as the preferred method of meeting consumer expectations of products (Lundahl,
2006).

Ill. Consumer perceptions of fresh produce
quality

External sensory attributes of fresh produce, such as appearance, color, shape, size
and hand-evaluated texture, are intrinsic quality cues that are evaluated by the con-
sumer prior to consumption, while flavor (taste and aroma) and oral texture are
experience-quality attributes evaluated at the time of consumption. Although the
composite evaluation of sensory attributes generates an overall opinion of the sen-
sory qualities of the produce, this perception is not generated at a single point in
time, and is continuously modified with every consumption experience.

In addition, the sensory attributes of fresh fruit and vegetables are variable, reflect-
ing the diversity inherent to a biological commodity, exacerbated by a variety of post-
harvest handling protocols. For example, the inherent biological diversity is illustrated
by Dever et al. (1995), who noted that different sensory characteristics could occur
in two sides of a single apple (blush versus nonblush) and from top to bottom of an
apple. A variety of accounts of the influence of postharvest handling protocols on pro-
duce sensory attributes exist in the literature. Crisosto et al. (2002) substituted SO,
with a range of CO, and O, concentrations in early- and late-harvested Redglobe
grapes. Atmospheres above 10kPa CO, combined with 3, 6 or 12kPa O, effectively
limited botrytis decay during 12 weeks cold storage, but accelerated stem browning
and “off-flavor” development, while atmospheres less than 10kPa CO, did not result in
off-flavor development. The sensory quality of Clemenules mandarins was observed
to decrease due to the reduction of mandarin-like flavor and development of off-flavor
when fruit were held for 12 days at 1.5°C as a quarantine treatment for Mediterranean
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fruit fly (Palou et al., 2008). In these examples, the undesirable sensory attribute of
off-flavor is given consideration as part of the evaluation of fruit quality.

A. Intrinsic quality cues: the influence of appearance

Appearance is the first sensory attribute evaluated by consumers. “The eyes are the
gatekeeper to the mouth,” and if the appearance of a product is not liked, then the
product is not further evaluated. Appearance is a major factor in the quality assess-
ment of fruits and vegetables (von Alvensleben and Meier, 1990; Abbott, 1999), and
is an important determinant in the purchase of fruits and vegetables in the grocery
store (Kays, 1991; Gamble et al., 2006).

Kays (1999) has reviewed preharvest factors of fresh fruits and vegetables that
affect appearance. Of all appearance attributes, color was suggested to be the most
influential quality factor, as consumers have expectations of overall quality based
on color, such as color cues for banana ripeness. Kays (1999) notes that at times,
color expectations of quality may not be valid because, for example, some orange
(Citrus spp.) cultivars are at their optimum when they are green, not orange as most
consumers perceive. Stommel et al. (2005) presented tomato samples to consumers
under white light and then under red light to mask sample color differences. It was
observed that consumers favored the more highly pigmented fruit, and perceived a
greater intensity of tomato quality attributes such as tomato-like flavor, juiciness and
overall eating quality. While the appearance factors of shape and form are consid-
ered to be generally of minor influence in the consumer evaluation of quality, size is
an important quality determinant related to end use (Kays, 1999).

CIiff et al. (2002) demonstrated that digital imagery could be used successfully to
control the visual attributes of apples to determine consumer liking for apple appear-
ance factors, such as color, shape, type and background color. Digitally modified
photographic images were presented to consumers in New Zealand, and in British
Columbia and Nova Scotia in Canada. Red colored apples were generally preferred
by consumers in all locations, while preferences for blush and stripes were geo-
graphically linked. Cliff et al. (2002) suggest that the evaluation of digital images by
consumers in different markets can help breeders and marketing agents direct pro-
duce with the appropriate external quality cues to selected markets. Desired product
appearance is principally achieved through cultivar selection (Kays, 1999).

B. Experiential quality attributes: taste, texture and
perceptions of freshness

Taste, texture and freshness are attributes evaluated by consumers as the product
is consumed (see also Chapter 4). Consumers may be intending to consume fruit
because of its beneficial health consequences, but taste and texture are fundamental
qualities that must be satisfied for continued consumption (Harker et al., 2003). The
memory of the experiential quality attributes influences future assessments of qual-
ity, and consumers have been observed to remember day-to-day differences in apple
firmness as small as 5N (Harker et al., 2002a).
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The taste or flavor attributes of horticultural products are frequently evaluated as a
measure of consumer acceptance as new varieties are developed for the marketplace,
and identifying flavor targets for fruit breeding for specific markets has generated
commercial success for kiwifruit by matching fruit to markets with different taste
preferences (Wismer et al., 2005). Taste/flavor is ranked more highly than texture and
appearance as a contributor to overall liking for food products in general (Moskowitz
and Krieger, 1995). However, color and texture of horticultural products are more
frequently cited as consumer quality attributes.

Texture is an important attribute of fresh fruit and vegetables; many of these prod-
ucts are desired for their crispy or crunchy characteristics, but others are appreci-
ated for their juicy, soft and easy-to-chew and swallow characteristics (Roininen
et al., 2004). Instrumental measurements of fruit and vegetable texture are common
and desirable in industry and research, because they reduce variation in measure-
ment (relative to human texture assessments) and provide a measure of output that is
able to be interpreted (Abbott, 1999). Thus, the horticultural industry defines textural
quality by instrumental firmness measures. In some instances, such as the evaluation
of apple texture, penetrometer measurements can reliably be used to predict sensory
perception of apple texture (Harker et al., 2002b). Instrumental evaluations provide
practical targets for rapid and large volume assessments and generate data of a quality
that can be mathematically related to pre- and postharvest treatment factors. However,
instrumental evaluations do not capture the multi-attribute profile of textural qualities
consumers expect of fresh produce, nor can such evaluations be related easily to other
quality attributes or emotive quality dimensions.

Consumers who regularly purchase specific apple cultivars have a firm expectation
of the quality and sensory attributes of the cultivar (Harker et al., 2003), although
they are accepting of variations in quality, e.g. firm textures in apples (Harker et al.,
2002a). Roininen et al. (2004) completed laddering interviews with young adults (25
years’ to 40 years’ old) and elderly (60 plus years’ old) in Finland and the United
Kingdom to elicit perceptions of the consequences of positive and negative textural
properties of fruits and vegetables. Age groups in both countries indicated that seeds
and peel, as well as hard and fibrous textures, were textural qualities of fruit that
made them troublesome to eat, while vegetable attributes that were troublesome were
“hard” and “contained peel.” Fruits and vegetables were preferred if they required
no preparation, were ready-to-eat or not too difficult to eat. It was suggested that
fruits and vegetables that were preprocessed to alleviate the negative attributes would
likely promote the consumption of these products.

Freshness is an important quality criterion for the acceptance of fruit and vegeta-
bles (Péneau et al., 2007). Kays (1991) described freshness, along with cleanliness
and maturity, as part of the appearance factor of condition, a “somewhat nebulous
quality consideration” that embodies many properties, including the general physical
condition of the product. Péneau et al. (2006, 2007) have explored consumer per-
ceptions of freshness of strawberries, carrots and apples with European consumers.
A set of attributes were used to evaluate the freshness of each product, with
appearance attributes dominating the assessment of strawberries, and both texture
and appearance attributes used for carrots. Many of the attributes were negative



30 Consumer Eating Habits and Perceptions of Fresh Produce Quality

(i.e. should not be present in a fresh product), which suggested that observed sensory
properties are used to evaluate the physiological ageing of horticultural products to
generate an assessment of product freshness (Péneau et al., 2007).

Postharvest technologies aimed at extending the shelf life of fresh fruits and veg-
etables may support consumer-perceived freshness, and influence the likelihood of
their purchase and increase consumption opportunities. Modified atmosphere pack-
aging and irradiation techniques to extend shelf life and resistance to handling dam-
age during transportation and sale may prove useful in this regard. New packaging
technologies, including edible coatings on fresh-cut fruits, may both prolong fresh-
ness and enhance convenience (Olivas and Barbosa-Canovas, 2005).

C. Credence quality attributes: perceptions of agricultural
practices

The increase in consumer preference for fruits and vegetables produced using
organic agricultural practices is an example of food product selection based on cre-
dence quality attributes. By selecting organic produce, consumers perceive they
have selected products that deliver health benefits, and that they have contributed
to lesser environmental damage than that generated by the purchase of convention-
ally produced agricultural products (Schifferstein and Oude Ophius, 1998; Saba and
Messina, 2003). Environmental damage cannot be experienced directly as a result
of product purchase, and there is no immediate health benefit observed after prod-
uct consumption, thus both of these perceived benefits are credence quality attributes
(Oude Ophius and van Trijp, 1995). Just as there is person-to-person variation sur-
rounding the perception of the sensory attributes of products, there is individual
variation in the perceived quality of credence attributes, as they resonate only if the
purported benefits appeal to an individual’s personal value system (Oude Ophius and
van Trijp, 1995).

Consumers who purchase organic foods do so because of the perceived health
superiority over conventional foods, based on the absence of pesticides, growth hor-
mones and genetically modified organisms (Sloan, 2007). The organic food sector is
the largest of the ethical foods category, which also encompasses fair trade, local and
natural foods, and products sold in recycled packaging (Sloan, 2007). Watching one’s
food miles and the interest in locally-grown produce satisfies the credence attribute
of reduced environmental damage (Harper and Makatouni, 2002). Emerging inter-
est in fruits and vegetables produced from heirloom seeds may satisfy both the need
for increased variety in the diet and the consumer value of maintenance of genetic
diversity. Ozcaglar-Toulouse et al. (2006) caution that ethical consumers cannot be
considered to be a homogeneous group, although they are often considered to rep-
resent a single market niche. In addition, the improved effectiveness of marketing
organic foods to consumers based on perceived health benefits rather than spiritual
concerns about the environment, both credence attributes, suggests that motivations
and the consumers themselves who purchase these products have changed since the
emergence of the ethical consumerism movement (Sloan, 2007).
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IV. Personal and situational variables that
influence fresh produce eating habits

A. Accessibility, price and income

Local access to fruits and vegetables, their price and household income have been
evaluated as variables influencing eating habits of fresh produce. Socioeconomically
disadvantaged groups are frequently cited as less likely to purchase and consume
fruits and vegetables (Mishra et al., 2002; Turrell et al., 2004), and less likely to
spend more on produce when income increases (Blisard et al., 2004). In much of
Africa, lower-income families spend little of their income on vegetables and, as
money becomes tighter, the range or quality of vegetables consumed is reduced
(Anonymous, 2008).

However, in a study of environmental factors in a disadvantaged area of Brisbane,
Australia, price, availability and variety were not associated with reduced opportuni-
ties to purchase fresh produce (Winkler et al., 2006). Similarly, using a mail survey
of residents of a poor community in the United Kingdom, Pearson et al. (2005) found
that fruit and vegetable price, socioeconomic deprivation and limited local grocery
store access did not influence fruit and vegetable consumption, but that age and gen-
der were consumption determinants.

Price is the primary factor used by consumers to determine selection of fruits and
vegetables in the grocery store (Gamble et al., 2006). The price of fruits and veg-
etables is elastic relative to other commodities, such as shelf-stable, prepared prod-
ucts, especially in countries where the local agriculture industry is not protected
from international trade (Mitchell, 2004). The relationship between fruit and vegeta-
ble price and income is a strong predictor of consumption in poorer countries, but
the relationship between price and income is a weaker predictor of consumption in
wealthier countries (Mitchell, 2004).

In the US, high-income households spend more of their income on fruits and
vegetables than low-income households and increase expenditures on fruits and
vegetables when faced with theoretical additional income (Blisard et al., 2004). In
Canada, low-income households purchase proportionally fewer fruits and vegetables
compared to high-income households and are more sensitive to the price changes of
fruits and vegetables in comparison to other commodities, such as meat (Kirkpatrick
and Tarasuk, 2003).

A variety of studies in the literature indicate that fruits compete with each other,
and that as the cost of one type of fruit increases, consumers will substitute another
fruit in its place, such as the substitution of citrus and banana, and citrus and apple
(Lee et al., 1992). Some fruits are purchased out of habit, and as price changes there
is little change in the quantity purchased (Richards and Patterson, 2000).

Harker et al. (2003) reviewed consumer behavior aspects of price versus quality with
a focus on the apple market. The authors describe several studies that use the experi-
mental technique of conjoint analysis to observe consumer trade-offs of price and
quality attributes. The contingent valuation literature includes a variety of studies that
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use the willingness-to-pay (WTP) approach to model the probable increase in WTP as
a function of both consumer demographics and measured attitudes and values, which
form the basis of quality perceptions. Among others, WTP has been determined for
consumers of blemished organic apples (Chengyan-Yue et al., 2007) and pesticide res-
idue limit compliant “safe” vegetables in northeast Thailand (Wilatsana et al., 2007).

B. Age and gender

Fresh fruit and vegetable consumption statistics have been generated in a number
of developed countries in order to describe the relationships between age, gender
and fruit and vegetable consumption, while research studies have been performed to
explore and model the relationship among these factors.

The National Diet and Nutrition Survey (NDNS) of residents of Great Britain
(2000/2001) concluded that no males and only 4% of females aged 19 years’ to
24 years’ old consume the recommended daily servings of fruits and vegetables
(Henderson et al., 2002). Similarly, the Australian National Health Survey revealed that
only 16% of females and 11% of males over the age of 12 consumed the recommended
five servings of fruits and vegetables per day, with the highest proportion of compliance
seen in people 55 years of age and older (Australian Bureau of Statistics, 20006).

In the US, an estimated 40% of the population consumes at least five servings of
fruits and vegetables per day (Guenther et al., 2006). Compliance with the recom-
mended intake varies by age group; 48% of children aged 2 to 4 years’ old and 60%
of adults aged 51 to 70 years’ old meet the recommended five daily servings of fruits
and vegetables (Guenther et al., 2006), while only 10% of girls aged 4 to § years’
old met this target. When reframed to reflect recent increases in recommended fruit
and vegetable consumption, only 17% of men and women aged 51 to 70 years’ old
meet the new minimum recommendations of seven servings, and 11% of individuals
in other age groups meet the minimum requirements (Guenther et al., 2006).

In Canada, average fruit and vegetable servings for adults are 5.2 per day and 4.5
for children and adolescents (Garriguet, 2004). In the age range of 9 to 13 years,
68% of boys and 62% of girls do not meet the minimum serving requirement of five
per day, and from the age of 14 to 50 years, males are significantly less likely than
females to consume minimum requirements (Garriguet, 2004).

Differences in the fruit and vegetable recommendations and data collection and doc-
umentation methods can make direct cross-country comparisons of consumption statis-
tics difficult. However, the brief statistics reported here demonstrate some international
commonalities: females are more likely to consume the recommended number of daily
fruit and vegetable servings than men, while the greatest compliance in meeting the
recommended intake is often seen among children and seniors. It has been suggested
that because children are more likely to consume juice than any other age group, they
more easily meet fruit and vegetable recommendations (Henderson et al., 2002).

Perceptions of fruits and vegetables differ among children and adults. Factors
associated with their consumption have been studied generally for the purpose of
understanding current consumption habits and increasing consumption through the
influence of favorable factors.
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Factors affecting childhood consumption

Food consumption and eating habits develop in the formative years of childhood.
A number of theories have been proposed to describe behavior formation and con-
tinuation. Ecological models expand the theoretical perspective by considering direct
environment—individual interactions, and may offer an explanation for consumption
habits.

Reinaerts et al. (2007) studied fruit and vegetable consumption in Dutch children
aged 4 to 12 years. Habit was found to influence fruit consumption to a far greater
extent than vegetable consumption, as children likely eat fruit of their own volition,
while they are frequently prompted to eat vegetables. It was suggested that familiar-
izing children with fruits and vegetables by presenting them more frequently could
lead to higher consumption, and that because parental consumption was influential,
parents must be involved in interventions aimed at children.

The environment that is established and maintained by parents, childcare provid-
ers and schools influences childhood fruit and vegetable consumption, and a com-
bination of interventions by all of these groups is more effective at increasing fruit
and vegetable consumption than the efforts of one group alone (Blanchette and Brug,
2005). Parental role-model behavior exerts a strong influence on childhood fruit and
vegetable consumption (Blanchette and Brug, 2005). In the home, a readily available
fruit bowl allows children to form positive fruit and vegetable consumption habits on
a regular basis (Reinaerts et al., 2007). The frequency of meals consumed as a fam-
ily is positively associated with fruit and vegetable consumption (De Bourdeaudhuij
and van Oost, 2000). Blanchette and Brug (2005) reviewed 38 publications regarding
determinants of fruit and vegetable consumption in children and interventions tar-
geted at increased consumption. In addition to the impact of positive parental influ-
ence mentioned above, they concluded that access to school snack bars and television
viewing negatively influenced fruit and vegetable consumption, while knowledge
of food preparation and specifics of five-a-day promotion programs were positive
influences.

Programs targeting increased fruit and vegetable consumption in the school
environment have been successful through increased accessibility and exposure to
fresh produce. The USDA Fruit and Vegetable Pilot program, initiated during the
2002 to 2003 school year, resulted in an increase in fruit and vegetable exposure
and associated consumption for school-aged children (Buzby et al., 2003). School-
based intervention strategies have taken on a number of different forms, including
increased availability and variety, improved taste and portion size of fruits and veg-
etables offered in school food service, and marketing strategies in school cafeterias
(Blanchette and Brug, 2005). All appear to have a positive affect on fruit and vegeta-
ble consumption, with fruit consumption more easily improved than vegetable con-
sumption, likely due to the innate appeal of the sensory attributes of fruit (Blanchette
and Brug, 2005).

Previously identified statistics and longitudinal studies have demonstrated that
fruit and vegetable consumption habits are dynamic during childhood and adoles-
cence. Age is a contributing factor to fruit and vegetable consumption, along with
gender, socioeconomic status, ethnicity and urbanization (Rasmussen et al., 2006).
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A decrease of 0.7 and 0.4 servings, respectively, have been observed for females
and males between middle and late adolescence (Larson et al., 2007). The important
role of parental fruit and vegetable consumption during childhood, and the subse-
quent distancing of children from their parents as they progress into adulthood, may
contribute to these changes. Evidence suggests that changes in fruit and vegetable
consumption during adolescence are the result of an increasing school-related influ-
ence (e.g. other adults, teachers and peers) and decreasing amounts of time at home
(Kubik et al., 2003).

Klepp et al. (2005) developed a conceptual framework to summarize the broad
range of ecological and personal contributions to fruit and vegetable consump-
tion (Figure 3.1). Children’s determinants of fruit and vegetable consumption
were grouped under the headings of cultural environment, physical environment,
social environment and personal factors, and were also described as distal or prox-
imal relative to the individual. For example, “socioeconomic status” is considered
to be a distal cultural environment influence, while “habit” and “preference” are
both proximal personal factors. Based on this model, and a review of the literature
regarding determinants of fruit and vegetable consumption among children and
adolescents, Rasmussen et al. (2006) concluded that several previously presumed
determinants lacked evidence, while socioeconomic position, preferences, parental
intake and home availability were all positively associated with fruit and vegetable

consumption.
Cultural environment Physical environment Social environment Personal factors
Distal
Country National level
Ethnicity Dietary guidelines
Socioeconomic School food policies
status Price policy related to FV
Community level ¢
<“«—> Local food policies Community level
Local access to FV Exposure to mass media
through grocery stores and commercials
School level School level v
Socioeconomic status Behavioral norms among Healthrelated
School food policies pupils ealth-relate
School meals beha_wors »
Access to FV at school 4 a| Peer group Physical activity
il iecti TV-viewin
Perceived physical Subjective norms 9
environment Family PN FV-specific factors
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Availability at home Socioeconomic status Knowledge
Availability at school and Subiective norms Attitudes
leisure m’ el Liking FV
Pilr(—gnt(;II e%)co ragement Selt-efficacy
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Figure 3.1 Conceptual framework applied to children’s fruit and vegetable consumption. Reprinted with
permission from: Klepp, K.I., et al. (2005). Promoting fruit and vegetable consumption among European
school children: rationale, conceptualization and design of the pro children project. Ann. Nutr. Metab.,
49(4), 212-220.
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Factors affecting adult consumption

Although childhood patterns of fruit and vegetable consumption persist into adult-
hood (Lien et al., 2001), the overall factors which contribute to adult consumption
differ from the factors which contribute to childhood consumption. Positive attitudes
towards healthy eating behaviors generally result in greater fruit and vegetable con-
sumption rates (Hearty et al., 2007), and also influence the likelihood of behavior
change in the future. In Scotland, for example, where adult dietary change is viewed
with a negative attitude, the likelihood of an increase in fruit and vegetable consump-
tion is relatively low (Anderson et al., 1994).

Household income influences adult fruit and vegetable consumption, and lower
incomes are consistently associated with lower fruit and vegetable consumption
(Kamphuis et al., 2006). The location of a home (suburban, urban or rural) deter-
mines the vicinity of substitute foods, such as fast foods (MacDonald et al., 2007).
Higher fruit and vegetable consumption rates have been observed in rural rather than
urban populations (Inchley et al., 2001), and in populations with greater levels of
education (Shimakawa et al., 1994). Being married is also associated with increased
fruit and vegetable consumption (Billson et al., 1999).

The psychosocial determinants of fruit and vegetable consumption elicited from
Dutch adults using focus groups were determined to be satisfaction (with an emphasis
on taste), perceived health consequences, social influences, skills and barriers, habit
and lack of awareness of health benefits from recommended intakes (Brug et al., 1995).
The motivation for that study, funded by the Dutch Cancer Society, was ultimately one
of improved population health through nutrition education regarding fruit and vegeta-
ble consumption. However, the beliefs about fruits and vegetables generate a picture
of the quality expectations and quality perceptions of these products in the population
surveyed. Information such as this can be used by the horticultural industry to describe
perceptions of fresh produce quality within a population. Fruit and vegetable breeding,
placement and promotion can then be targeted to meet quality perceptions.

V. Concluding comments

Descriptions and evaluations of consumer eating habits of fruit and vegetables appear
in academic studies, trade publications and mass media with increasing frequency,
in response to the mounting evidence that the consumption of fresh fruits and veg-
etables is beneficial for maintaining health and preventing a variety of diseases (see
also Chapter 5). To date, fruit and vegetable consumption has been associated with
decreased risk of diabetes, cardiovascular disease and cancer, and associated with
beneficial relationships with chronic obstructive pulmonary disease, eye health,
asthma, bone health and neurodegenerative diseases of aging (Anonymous, 2005).
Much of this health benefit research is observational therefore, controlled clinical
interventions and mechanistic studies are necessary to clarify the observed benefits
between fruit and vegetable consumption and disease prevention (Anonymous, 2005).

Would the establishment of stronger evidence of the link between increased fruit
and vegetable consumption and health benefits motivate consumers to increase their
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consumption of fresh produce? This would be desirable, as very few individuals
meet the minimum suggested daily serving recommendations for fruits and vegeta-
bles. However, health is only one motivator of fruit and vegetable consumption, and
an emphasis on making healthy choices serves as a “disciplinary stick” and neglects
“the pleasure of healthy eating” (Poole et al., 2007). In addition, Lin (2004) sug-
gests that, by 2020, a generally higher income for many Americans that results in
increased dietary knowledge, and thus a potential health-based increase in fruit con-
sumption, will be negated by the dietary choices associated with dining out.

The evaluation of the determinants of consumer eating habits of fruits and veg-
etables describes the environmental and psychosocial factors that contribute to their
consumption. Price, income and availability, gender and age, and motivations of ethi-
cal consumerism are all part of the complex of determinants of eating behaviors and
perceptions of quality that determine individual eating habits. Studies of the determi-
nants of fruit and vegetable consumption of both adults and children often yield con-
flicting results, and overall summaries of these studies reveal complex maps of factors
that influence the decision-making process to eat these products. Perhaps because of
this complexity of factors influencing food choice, promotional campaigns to increase
fruit and vegetable consumption have not always met with the success anticipated at
their inception. However, interventions appear to result in some degree of improved
consumption, and further studies of psychosocial determinants of fruit and vegetable
consumption linked to the design of promotional activities may result in enhanced
fruit and vegetable consumption.

The horticultural industry can maximize benefits from both the increased knowl-
edge about consumer eating habits and the predicted increased demand for fresh fruits
and vegetables, using the consumer-perceived quality paradigm to develop, target and
promote products to consumers. Although in the past, consumer-perceived quality
has been simply described by phrases such as “fitness for intended use,” the market
driven and consumer-oriented approach to quality (Oude Ophius and Van Trijp, 1995)
describes consumer-perceived quality as containing the elements of intrinsic and
extrinsic quality cues, experience quality attributes and credence quality attributes.
This paradigm of quality has the advantage of tangibly relating quality attributes to
physical product parameters, such as sensory attributes, and to consumer trends such
as the desire for organic and locally grown produce, which are motivated by personal
values. As Oude Ophius and Van Trijp (1995) suggest, anyone who wants to make and
sell food products should understand consumer perceived quality.

Peri (20006) presents an analytical model of food quality in which six of the 13 qual-
ity attributes are presented as being related to “the product as a food” and the remain-
der are presented as “the product as an object of trade.” The model is a good reminder
of both the complexity of the consumer quality paradigm, and the need for the hor-
ticultural industry to consider not only industry-related quality attributes that frame
fruits and vegetables as objects of trade, but also to evaluate produce quality with
consideration of consumer food use. Advances in postharvest technologies must con-
tinue to evaluate product quality using the consumer-oriented approach to quality, as
advances are of limited commercial value unless they result in products with attributes
desired by the consumer.
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An additional challenge to be considered is the dissemination of quality-related
information to consumers. As Poole et al. (2007) note in their study of citrus fruit,
and Harker et al. (2003) describe in their review of apple quality, product-specific
information about fruits, such as variety specific information, can help consumers
with their purchase decisions.

Descriptions of global consumer eating habits of fresh fruit and vegetables, health
benefits associated with fruit and vegetable consumption, and the multitude of fruit
and vegetable promotion campaigns, confirm that increased fruit and vegetable con-
sumption is a public health issue, and an opportunity for the fresh fruit and vegetable
industry. However, the complexity of the determinants of eating habits and the mul-
titude of factors involved in the evaluation of consumer perceived quality of fruits
and vegetables present a challenge to this expansion. Continued monitoring of eat-
ing habits and further studies to elucidate determinants of eating habits and increase
understanding of consumer perceived quality, coupled with awareness, appreciation
and monitoring of these factors by the fresh fruit and vegetable industry is key to
overcoming this challenge.
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. Introduction

The view on fruit and vegetable quality has changed. In the past, each member of
the supply chain of fresh produce focused on attaining acceptance by following the
links within the chain. In practice, it largely required maintenance of quality standards
(see Chapters 8 and 9). The rationale was to have defined criteria which could facili-
tate communication during shipment or distribution and, to some extent, allow prod-
uct stability assessment. Thus, the quality of fresh horticultural produce was usually
evaluated against standards for grading. These standards included product attributes
which can be readily determined, and are related to color, appearance and absence of
defects. In the past, breeders successfully developed cultivars with improved yields
and attributes laid down in the specifications. Besides yield and grades, other targets
were the hardiness and resistance of the plants, uniformity and extension of the season
and in a few cases shelf life or suitability for processing. Consumers were thought to
be satisfied with the grades, season extension and varied choices at prices they could
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afford. However, this proved not to be the whole truth (see Chapter 3). For instance, in
the 1990s German consumers were dissatisfied with the poor flavor intensity of fresh
tomatoes originating from the Netherlands. Subsequently, Dutch tomatoes experienced
a sustained decline in sales of 30% in Germany (Behr and Illert, 2002).

Much of the attractiveness to consumers of products of this origin was lost during
those years, because of the characteristics of the fruit which were perceived through the
senses of consumers. Flavor intensity is part of the consumption experience and thus,
perceivable only after purchase. Other important drivers of acceptance among consum-
ers include intrinsic attributes, such as appearance, color, odor and texture. They can
be more readily perceived, and help in the search for attractive products before the final
selection and purchase. Both quality assessed from experience, and quality used dur-
ing the search, can be evaluated by consumers directly by comparing their expectations
with the information received from their sensorial perceptions (Grunert, 2005).

Il. Experience and credence attributes

It is argued that the quality of a product is assessed by the consumers only using direct
sensory impressions very rarely (Meiselman, 2007). And of course, there are other fac-
tors which cannot be ascertained even by experienced consumers. Most health-related
properties and their effect on the human body can not be experienced, felt or validated
by a consumer. Process-quality — increasingly important and well-recognized by many
consumers — is, in most cases, undetectable as an intrinsic property. Not only do con-
sumers fail to detect differences between the use or non-use of genetically modified
techniques, regard or disregard for social or environmental standards, or whether pro-
duce is conventionally or organically grown, but often even sophisticated instrumen-
tation can hardly authenticate organically grown produce (Banasiak et al., 2004).
These credence attributes are important to many consumers, who are unable to experi-
ence them and must rely on others’ statements. Consumers, therefore, use cues which
they recognize at and around the product, and infer the credence attributes from these
(Grunert, 2005). All properties which can be observed may serve this purpose, e.g.
appearance, color, size, visible structure, firmness to the touch, packaging and the
information on it. They may also be communicated at a retail outlet, or through media,
including Internet pages or forums. In the case of fruit and vegetables, the place of ori-
gin is an important cue for inferring quality. This cue can be so strong that it surpasses
actual sensory perception, for instance, in the case of nationally or organically produced
tomatoes over imported ones, although all three may be intrinsically the same, but
differently labeled (Ekelund et al., 2007). Important cues can also be brands or product
concepts, although these are more often associated with processed products.

Not only prior to, but also after purchase credence attributes will be perceived and
may still influence the perceived quality of the product, which may fade with time.
Especially in the case of repeated purchase and consumption, personal experience
becomes more important than the indirectly assessed credence qualities. This gradual
loss of quality dimensions may become a disadvantage, especially for products where
a high proportion of extrinsic, credence quality is involved (e.g. functional foods).
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The producer only partly controls the perception of credence attributes, as well as
the perception of experience attributes. Situational variables change during transport,
storage, preparation and consumption. Learning how to handle produce can stabilize
or improve the experience of quality and therefore, information on maturity, storage
conditions and preparation methods is helpful.

A comprehensive discussion of the influences on consumer acceptance can be
found in the recent book by Meiselman (Meiselman, 2007). The relevant chap-
ter contains a review of many models of food acceptance, with different emphases
within the three classes of variables of eating research:

o food variables: palatability, appearance and flavor (Harper, 1981; Land, 1983;
Cardello, 1996; Tuorila, 2007);

e people variables: responsiveness to food cues, restrained eating, expectations,
human focused (Connors et al., 2001), human-product linked (Cardello, 1994;
Krystallis, 2007); and

e ecnvironmental variables: physical, social context and economic factors
(Marshall, 1995).

lll. Acceptance

Depending on the inclusion of variables from one or more of the above classes (i.e.
food, people or environment) acceptance can be understood in another way. The focus
on food variables alone leads to the conclusion that food products are acceptable (1)
when their attributes are acceptable. Including the people variables, food becomes
acceptable (2) only when attributes and food cues meet responsive minds and match
expectations. Finally, when environmental variables also are taken into account, accept-
ability (3) means an attractive product — in terms of (2) — is selected only in a favora-
ble physical, social and economic situation or circumstance. The separation of effects
into three classes, of course, is an idealization. Acceptance of attributes, for instance,
depends not only on the attributes, but also on people factors. However, when consum-
ers are considered as individuals the influence of product attributes triggers acceptance.
The classical definition (Amerine et al., 1965) reflects the two opposite scenarios:
“actual utilization (purchase or eating)” by consumers and “experience or feature of
experience, characterized by a positive attitude toward the food.” The first states that
for assessment of acceptance, knowledge of the product variables, personal variables,
the situational variables and even the outcome of trade-offs between perceived qual-
ity and perceived price (Grunert, 2005) has been reached. The second refers to an
experience, gained directly from the sensory interaction of consumer and product.
This interaction is the central focus of sensory acceptance tests. The investigator is
interested in “whether the consumer likes the product, prefers it over another product,
or finds the product acceptable based on its sensory characteristics” (Lawless and
Heymann, 1998). Food acceptance is treated as a “perceptual/evaluative construct”
(Cardello, 1996). It is a “phenomenological experience, best categorized as a feeling,
emotion or mood with a defining pleasant or unpleasant character” (Cardello, 1996).
Cardello adds two ways to measure acceptance. Self- or verbal-reports are used
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where a phenomenological approach prevails, whereas choice and consumption are
observed when the focus is on the consequences of acceptance. Data from observed
behavior can be collected electronically or through personal observation. Self-reporting
includes group or face-to-face interviews, telephone interviews or mailed question-
naires (Fletcher et al., 1993).

IV. Qualitative tests

Qualitative tests often measure the subjective responses of a consumer sample to the
sensory properties of a product. Consumers talk about their feelings in a small group
setting or interview (Meilgaard et al., 1991). The initial response to a new concept, the
general acceptance of a prototype, or information on other obvious problems is obtained
and allows for project readjustment. Because of the personal interaction the consumer’s
terminology can be studied and consumer-oriented terms can be learned for use in ques-
tionnaires and advertisements. Another advantage is to learn about reasons for and prac-
tices of consumer behavior regarding product use, which could facilitate handling, etc.
For fruit and vegetables, this is not only limited to innovation in package convenience,
but also to new mix, size and properties of the produce for use in cooking.

Usually, an interviewer or moderator with skills in group dynamics, probing tech-
niques, summarizing and reporting, meets a group of 10—12 persons (focus group).
Group members are selected on the basis of product usage and sociodemographics,
and they participate in two or three sessions, each for one to two hours. The subject
of interest is presented, and the discussion facilitates obtaining as much information
as possible. If the group meets on a regular basis, for instance to use a product at
home between sessions, it is called a focus panel. If additional (or sensitive) informa-
tion is sought from each individual, one-on-one consumer interviews are appropriate.
Such interviews may be conducted at the interviewer’s site or in consumer’s homes.
In some cases, observation of the consumer’s product preparation, etc., yields very
different information from the consumer’s verbal statements (Meilgaard et al., 1991).

V. Quantitative tests

There are two approaches to quantitative consumer acceptance testing: tests that rely
on choice or on rating. Relative preference is determined using the first method.

VI. Testing preference

Preference, classically used for testing in the food industry, can be defined in three
ways (Amerine et al., 1965):
1. expression of a higher degree of preference;
2. choice of one object over others; and
3. basis of choice, psychological continuum of affectivity (pleasantness/
unpleasantness).
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However, preference tests are usually designed to measure the appeal of one food or
food product over another (Stone and Sidel, 1993). The panellists receive two coded
samples (usually simultaneously), and their task is to answer the question: “which
sample do you prefer or like better?” (Meilgaard et al., 1991). The task is rather intu-
itive and can be performed easily even by semi- or illiterate consumers (Coetzee and
Taylor, 1996).

It is usually recommended that the consumer must choose one product over the
other (Stone and Sidel, 1985). Such a choice makes for easier interpretation (because
tests rely on a binominal distribution), and enables the use of all answers. If a pref-
erence decision is not given, the researcher has to decide either to ignore or to split
those answers 50:50, or to split them in proportion to other answers. Another possi-
bility for large consumer numbers (>100) is to calculate confidence intervals based
on multinominal distribution. With non-overlapping confidence intervals of respond-
ents expressing a preference, and a small number of no preference answers, the sig-
nificance level can be identified. Details of relevant procedures can be found in the
literature (Lawless and Heymann, 1998; Moskowitz et al., 2006b).

Special cases of preference testing are repeated pair-wise preference tests and
sequential preference ranking of a series of samples. The aim of both methods is
to obtain information on the relative preference for an array of products. It is again
an intuitive task for consumers to rank products according to their preference for
visual, tactile and pronounced taste or flavor perception, but complex multi-flavor
or taste samples can become stressful. A sequence of increased acceptance can be
calculated not only from ranking, but also from the results of repeated pair-wise
comparisons. In both cases, received data are ordinal and thus the absolute degree
of liking and the relative distance of successive samples cannot be quantified. The
reported liking is only relative between the samples and inherent to the presented set
of samples.

These tests are less frequently used than measuring acceptance with fruit and
vegetables. This is probably because the typical case is not comparing one cul-
tivar, cultivation technique or maturity stage to another, but comparing a range of
influences on the resulting quality. In very few cases only a single property may be
changed, but physiological processes lead to a multitude of altered texture, taste,
aroma or flavor attributes. To be able to explain differences in acceptance therefore,
a larger data set which gives quantitative information on acceptance is necessary.
There are cases where testing whether, for example, the use of a chemical or dis-
tinct postharvest alternatives have a positive or negative effect on preference. Here
preference testing is most efficient (Harker et al., 2008).

VII. Testing acceptance

Most hedonic testing of fruit and vegetables is done using acceptance tests. Here panel-
lists work as a measuring instrument not to measure products, but to quantify their own
affective reaction which the sample evokes. Except in preference testing, acceptance
tests can be performed using only one sample, but usually 10 or 12 samples are tested.
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The samples are coded with a three to four digit number and are usually presented one
after the other (monadic). The sequence of samples differs from panellist to panellist,
because the constant position as an earlier or later presented sample will bias the results.
The possible number of samples depends, as well as the type of samples and the com-
position of the panel, on the number and type of questions posed. The central question
is “how much do you like the product?” or “how acceptable is the product?” (Meilgaard
etal., 1991). However, detailed information on the acceptance of several attributes is often
required, and can be included in the protocol. Additional questions ask consumers how
much they like the appearance, aroma, flavor, texture or after-taste, or even more spe-
cific attributes such as color, sweetness or crunchiness. Answers allow responses as to
whether, for example, the sweetness is not liked because the product is too sweet or not
sweet enough. Therefore, just-about-right questions (JAR) are used where respondents
have to rate whether the level of the sensory attribute is “too low,” “just right” or “too
high.” Although the rating is also done on a hedonic scale, it forces panellists to form
a fairly analytical judgement and is found to influence results (Popper et al., 2004). An
even more analytical approach is required when, instead of hedonic questions, attribute
intensity questions are included, but this is generally not recommended (Stone and Sidel,
1993). Again the more integrative, hedonic and naive (an approach not used by a spe-
cialist) approach is disturbed by a specific, analytical task. Another important reason for
not recommending hedonic and analytic tasks in one test is the varying selection criteria
for participants of hedonic and analytic tests. Panellists of acceptance tests are chosen
to represent a target population. They are users of the product in question, but should
be naive users not professionals in food issues. Discussion about the use of employees
for in-company product testing can be found in Lawless and Heymann (1998). Other
requirements are demographic characteristics, such as age or gender distribution, again
with respect to the target population. In contrast, analytical testers are selected after suc-
cessfully passing standardized tests for olfactory, taste and color sensibilities, as well
as memory, verbal abilities and creativity. They do not need to be members of a target
population (Stone and Sidel, 1993; Lawless and Heymann, 1998).

VIIl. Scales

Information is obtained from assigned words, numbers or scale positions marked by
a panellist. There has been much discussion about the best scale (Moskowitz et al.,
2006b). Important points are the number and type of statements, the relative differ-
ence between single statements or a more-or-less unstructured line scale. Very often
a nine-point hedonic scale is used. It consists of four, presumably equally spaced,
categories for liking, a neutral point and four corresponding categories for disliking
(e.g. dislike extremely, dislike very much, dislike moderately, dislike slightly, neither
like nor dislike, like slightly, like moderately, like very much and like extremely).
This scale has been suggested by Peryam and Pilgrim (Peryam and Pilgrim, 1957),
and has been validated and successfully used (Stone and Sidel, 1993). It contains no
additional information on possible consequences of the degree of liking or disliking,
as for instance is found in the food action rating scale (FACT) suggested by Schutz
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(Schutz, 1965). For testing children, an alternative scale has been developed which
uses fewer points and displaces verbal statements with facial symbols for different
degrees of liking (Chen et al., 1996). Data derived from the scales are ordinal, but
results from unstructured line scales may be regarded as quantitative numerically,
especially in tests with many panelists.

IX. Extracting information

Acceptance data are usually obtained from observations of consumer behavior (with
all the interference of environmental factors) or the reporting of panelists, transfer-
ring their perceptions into words or numbers. To come even closer to the processes of
sensation and perception, physiologists study the explanations how signals from food
molecules are processed and transduced from receptor cells to the brain (Margolskee,
2004). An emerging field of new insights into the processing of signals in the brain
offers functional magnetic resonance imaging (FMRI). The activity of brain areas
in response to food (thinking of, smelling or eating) can be depicted and located,
and assigned to those areas responsible for activity or emotions. The nature of this
research is very fundamental and mostly qualitative, but may help to explain com-
plex phenomena of perception, integration and hedonic consequences in the future
(Kettenmann et al., 2005; Small and Prescott, 2005; Rolls, 2006).

X. Test sites

A sensory laboratory offers the best control over the preparation and handling of the
samples, as well as control of environmental factors during the sessions. Light can
be used to mask, for example, sample color differences or, most often, standardized
light spectra can be utilized. Data entry can easily be computerized. Panellists work
in screened booths, protected from influence from the surroundings, which could pos-
sibly draw attention away from the sample testing. A disadvantage is that the situation
differs from normal product use in the home. The amount of food may be smaller
in the unfamiliar laboratory situation than during in-home use, and the time the con-
sumer is exposed to the product is shorter in the laboratory, where the focus is strongly
on working off the testing sequence. Therefore, the repeated presentation of the same
product may be used to investigate acceptance changes with time, which can decrease
for some products when satiety begins. A detailed discussion of advantages and disad-
vantages can be found in Moskowitz et al. (2006).

Other often-used test sites are central locations, such as shopping centers or similar
publicly-accessible locations. The advantage of this is the large number of subjects
who can be selected and approached. The disadvantage is the limited control of the
test conditions, sample preparation and handling. For fruit and vegetable testing, with
limited preparation effort, it can be a feasible alternative. For improved testing facili-
ties mobile sensory/chemical units have been used (Moskowitz et al., 2006b). Even
more closely resembling actual consumption situations are home use tests (HUT),
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with the advantage of a natural, unbiased setting. Under these conditions informa-
tion on the performance of products during preparation can also be collected by com-
pletion of a questionnaire. Testing of complex foods, whole meals and products with
a high proportion of extrinsic or credence attributes takes advantage of the familiar
social context. Fruit and vegetables have seldom been tested using home use tests.

Xl. Consumer segments

As a good sensory practice for acceptance tests, a group of around 30 panelists is
viewed as a minimum group size for testing (Moskowitz, 1997). If separation of dif-
ferent groups of the population is intended, e.g. income groups, or urban versus rural,
a larger group is recommended. A large number of panelists are necessary, because
consumers are individuals and differ from each other in what they regard as accepta-
ble. The variability among consumers has long been recognized (Pangborn, 1981) and
it has often been tried to relate it to sociodemographic background, but this has usually
failed (Moskowitz et al., 2006a). The differences between single consumers can be
even greater than the differences detected between consumers of European countries,
as shown in the case of coffee (Moskowitz et al., 2006a). Addressing a target popu-
lation also means analyzing consumer panelists’ data for underlying preference seg-
ments, but this has rarely been applied in the area of fruit and vegetable studies.

Differences in the sweetness preferences among European grapefruit consumers
have been found (Rozenbaum, 1989), sweet, hard apples or juicy, acidic apples were
preferred by different consumer segments (Daillant Spinnler et al., 1996), similar seg-
ments were identified for peaches and mangoes (Malundo, 1996), preferences for lev-
els of sugars and acids differed in table grapes (Crisosto and Crisosto, 2002), kiwifruit
consumers were segmented into those who liked a new yellow-fleshed, sweet and
fruity flavored cultivar or those preferring the familiar green-fleshed and sweet-tart
tasting kiwifruit (Jaeger et al., 2003b). Despite a general liking for juicy and sweet
pears, “ideal” color and shape was different among consumers (Jaeger et al., 2003a).
Tomato consumer segments were identified (Briickner, 2000; Pagliarini et al., 2001)
on the basis of the preference for red color and sweetness, acidity and texture, with at
least two groups preferring fruit at different stages of ripening (Watada and Aulenbach,
1979). Among broccoli and cauliflower consumers, a small niche segment (22% of
consumers) appreciating bitter and pungent notes was identified, while the majority of
consumers preferred lower intensities of bitter and pungent notes, but liked sweet (33%
of consumers) or crisp (44% of consumers) attributes (Bruckner et al., 2005).

There are also examples where produce details, such as cultivar, presence of a
label, price and presentation (in several tray types or loose), were varied to optimize
acceptance by segments of domestic and international markets (Mora et al., 2006).
This research was done using conjoint analysis. Rather than measuring the accept-
ance of the product features alone, the contributory values of the features within this
complex mix is determined through systematic variation (Moskowitz, 2005). If the
inherent segmentation among consumers is neglected, differences are averaged and
only a weak hedonic reaction of the panelists will be found, if any.
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One possibility is to separate panelists into subgroups based on the preference or
not for selected attributes of one or a few products (MacFie and Thomson, 1988), or
on the pattern of preferences for the whole set of products (Moskowitz et al., 2006a).
To level out individual differences in scale usage, usually the ratings of one subject
are standardized (i.e. set to zero, standard deviation set to one), and a cluster analy-
sis of the data will identify similar subjects, based on the way they scored for liking
of the products or product attributes (if attribute liking was one of the questions).
Another alternative is the possibility of internal and external preference mapping
(Greenhoff and MacFie, 1994). In both methods individuals are identified on the
basis of their preferences only (internal preference mapping) or combined with non-
preference data (external preference mapping).

Overviews of consumer acceptance data analysis have been published recently,
(see MacFie, 2007; Moskowitz, 2006).

XIll. The necessity for acceptance testing

Four primary areas for the need to conduct acceptance tests were defined by
Meilgaard et al. (1991):

¢ product maintenance;

e product improvement/optimization;
e development of new products;

o assessment of market potential.

One of the major reasons for recommending implementation of consumer accept-
ance tests is the fact that many newly launched products fail in the marketplace if they
are not properly tested (MacFie, 2007). At first glance, a new product launch seems
to be atypical for the fresh fruit and vegetable sector, but new varieties of exotic fruit
and vegetables, new sizes, mixtures or convenience properties are being developed.
Consumer needs are changing over time, influenced by demographic, socioeconomic
and cultural change, leading to trends such as increased average age, smaller house-
holds, individualization and reduced willingness (and necessity) to spend time and
effort preparing food. Retail chains now compete globally and have to attract increas-
ingly sophisticated consumers. Large proportions of total food sales, e.g. in the US,
are reported to consist of products introduced only recently (van Trijp and Steenkamp,
2005). New fruit and vegetable products often require advanced technology to main-
tain or sometimes even improve quality during storage, transport and processing, such
as use of chemicals to affect ripening; storage and shipment techniques like ultra low
oxygen (ULO) or dynamic controlled atmosphere (CA); modified atmosphere pack-
aging (MAP) or new packaging materials; processing (e.g. for fresh-cut); high pres-
sure treatments; or additives for microbial control. Besides prolonging shelf life, all
of these technologies can affect attributes relevant to acceptance. To measure those
changes instrumentally can be very difficult, if not impossible, as we have seen in
experiments with peeled asparagus, where unsuitable packaging led to reduced con-
sumer acceptance because of weak off-odors (Brueckner, 2004).



52 Testing and Measuring Consumer Acceptance

Recently, the top ten trends in food retailing have been identified as:

o multi-channel shopping;

o retailers as restaurateurs (food service);

o lifestyle stores and emerging formats;

o thinking small (in terms of store size);

e store brand-building;

o focusing on fresh and natural/organic produce;
e health and wellness;

e going green;

o tapping ethnic markets; and

e in-store media (Anonymous, 2008).

Almost all of these trends will include the need to develop fruit and vegetable prod-
ucts, and consumer acceptance will be a prerequisite.
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l. Introduction

Horticultural crops are some of the main components of a healthy diet. The con-
stituents obtained by the human body from fruits and vegetables include water,
carbohydrates, fats, proteins, fiber, minerals, organic acids, pigments, vitamins and
antioxidants, among others. Fruits and vegetables, especially, are a good source of
fiber, selected minerals, vitamins and antioxidants. Most fruits and vegetables are
available almost year-round in a wide variety and they not only taste good, but they
also have favorable attributes of texture, color, flavor and ease of use. They can be
fresh, cooked, hot or cold, canned, pickled, frozen or dried.

Fruits and vegetables are consumed at all times, and due to their convenient size;
they are an excellent between-meal snack. They are relatively low in calories and fat
(avocado and olives being the exceptions), they have no cholesterol, they are rich in
carbohydrates and fiber, they contain vitamin C and carotene, and some are a good
source of vitamin Bg. Fruits and vegetables are relatively low in sodium and high in
potassium. Ascorbic acid in fruits and vegetables enhances the bioavailability of iron
in the diet. Because of all these characteristics, fruits and vegetables have a unique
role in a healthy diet. A growing body of research has shown that fruit and vegetable
consumption is associated with reduced risk of major diseases, and possibly delayed
onset of age-related disorders, promoting good health. However, in many cases fruit
and vegetable consumption is still below the dietary guideline goal of consuming 5-10
servings each day. The nutritional value of fruits and vegetables depends on their com-
position, which shows a wide range of variation depending on the species, cultivar and
maturity stage. The composition of fruits and vegetables includes a great number of
metabolites however, it could be predicted that no single commodity might be rich in
all these constituents. This chapter describes the general characteristics of the compo-
nents of fruits and vegetables, related to their benefits as food sources.

Il. Traditional components

A. Water

The most abundant single component of fruits and vegetables is water, which may
account for up to 90% of the total mass. The maximum water content varies between
individual fruits and vegetables, because of structural differences. Cultivation condi-
tions that influence structural differentiation may also have a marked affect.

B. Organic acids

There are two types of acids, namely aliphatic (straight chain) and aromatic acids.
The most abundant acids in fruits and vegetables are citric and malic (both aliphatic)
acids. However, large amounts of tartaric acid occur in grapes. Malic acid is the major
component in oranges and apples. The acid content of fruits and vegetables generally
decreases during maturation. For example, the citric acid content of clingstone peaches
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decreases faster than the malic acid content, while the malic acid content of apples
and pears decreases faster than the citric acid content. Aromatic organic acids occur
in several fruits and vegetables, but in very low concentrations. Benzoic acid occurs
in cranberries, quinic acid in bananas and chlorogenic acid in potatoes. Organic acids
play an important role in the sugar to acid ratio, which affects the flavor of fruits and
vegetables. The distribution of acids within a fruit is not uniform.

C. Proteins

Proteins represent less than 1% of the fresh mass of fruit and vegetable tissues.
Leguminous seeds are rich in protein, containing 15% to 30%. The proteins of fruits
and vegetables are built from amino acids, but other related simple nitrogenous com-
pounds also occur. Fruits, vegetables and legumes account for 1.2%, 5.5% and 6.1%,
respectively, of the protein in the US food supply (Hiza and Bente, 2007). Fruits are
low in proteins, but tree nuts are a good source of high-quality proteins. The protein
content of fresh fruits or vegetables is calculated by multiplying the total nitrogen
content by a factor of 6.25. This calculation uses the fact that protein is comprised
of about 16% nitrogen, and the assumption that all nitrogen present is protein.
The conversion ignores the fact that appreciable amounts of simple nitrogenous
substances can be present in an uncombined form. In potatoes, 50% to 60% of the
nitrogen occurs in the form of simple soluble constituents, while in apples the esti-
mates range from 10% to 70% (Salunkhe et al., 1991). Senescent tissues, such as
those of overripe fruits, usually contain especially high proportions of non-protein
nitrogen. Asparagine is abundant in potatoes and apples as non-protein nitrogen frac-
tions. Pears and oranges are rich in proline, and black and red currants in alanine.

D. Lipids and fatty acids

Plant lipids represent a very broad group of compounds with functions that vary
among products. Lipids are an energy source for plants during germination, forming
components of cellular membranes and cuticular waxes, and they are mainly present
as triglycerides (esters of glycerol and three fatty acids) or phospholipids (in which
one fatty acid has been replaced by a phosphate group). Generally, most posthar-
vest products are relatively low in total lipids, except for avocados, olives and many
seeds. The fat content of fruits and vegetables is usually below 1% and varies with
the product. Examples of fat content on a dry mass basis are:

e avocado: 35-70%;
e olive: 30-70%;

o grape: 0.2%;

e banana: 0.1%; and
e apple: 0.06%.

Many of the physical and chemical properties of lipids are due to the fatty acids
present in their structure. Fatty acids are aliphatic monocarboxylic acids that may be
saturated or unsaturated to varying degrees. Saturated fatty acids do not contain any
double bonds along the chain. Monounsaturated fatty acids have a single double
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bond in the hydrocarbon chain, and polyunsaturated fatty acids have more than one
double bond. Fatty acids in plants usually range from 4- to 26-carbons in size, but
oleic acid (18:1) and linoleic acid (18:2) are the most prevalent in nature. Olive oil
and other fats high in monounsaturated fatty acids are becoming well-known for
helping to lower LDL-cholesterol (the so-called “bad” cholesterol), while protect-
ing HDL-cholesterol (“good” cholesterol) when consumed in moderation in place of
saturated fats. The difference among oils is not in their caloric content, but in their
composition. Fats derived from animal sources (e.g. butter, cream, hard cheeses)
have a high proportion of saturated fats, while oils from plant sources, such as olive
and canola, have the lowest (Table 5.1).

Fatty acids are necessary for human bodily functions, where they are used pri-
marily to produce hormone-like substances that regulate a wide range of functions
including blood pressure, blood clotting, blood lipid levels, the immune response and
the inflammatory response. The human body can produce most fatty acids, except
for linoleic acid and a-linolenic acid, which are widely distributed in plant oils.
These essential fatty acids are polyunsaturated fatty acid members of the omega-6
and omega-3 fatty acid series.

Each double bond, depending on its geometry, can be in either a cis or a trans con-
formation. In cis bonds, the two carbons next to the unsaturated site bond atoms are
oriented to the same side. Therefore, in restricted environments, such as when fatty
acids are part of a phospholipid in a lipid bilayer or triglycerides in lipid droplets,
cis bonds limit the ability of fatty acids to be closely packed and therefore, could
affect the melting temperature of the membrane or the fat. A #trans configuration, by
contrast, means that the two carbons next to the double bond are oriented to oppo-
site sides. As a result, they do not cause the chain to bend much, and their shape is

Table 5.1 Fatty acid, vitamin E and cholesterol composition of some common dietary fats

Saturated Monounsaturated Polyunsaturated Cholesterol
(%) (%) (%) (mg100g™")
Animal fats
Lard 40.8 43.8 9.6 93
Butter 54.0 19.8 2.6 230
Vegetable fats
Coconut oil 85.2 6.6 1.7 0
Palm oil 45.3 41.6 8.3 0
Cottonseed oil 25.5 21.3 48.1 0
Wheat germ oil 18.8 15.9 60.7 0
Soya oil 14.5 23.2 56.5 0
Olive oil 14.0 69.7 11.2 0
Corn oil 12.7 24.7 57.8 0
Sunflower oil 11.9 20.2 63.0 0
Safflower oil 10.2 12.6 721 0
Canola oil 53 64.3 24.8 0

Source: Kays, S.J. 1997.
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similar to straight saturated fatty acids. In plant sources, unsaturated fatty acids natu-
rally occur in the cis form. Trans fatty acids might be present in some fats of animal
origin, or might be the result of oil processing (e.g. hydrogenation of vegetable oils).
The differences in geometry between the various types of unsaturated fatty acids,
as well as between saturated and unsaturated fatty acids, play an important role in
biological processes and in the construction of biological structures (such as cell
membranes). Medical research suggests that amounts of frans fats correlate with cir-
culatory diseases, such as atherosclerosis and coronary heart disease, more than the
same amount of non-trans fats, for reasons that are not yet completely understood.

E. Metabolizable carbohydrates

After water, carbohydrates are the most abundant constituents in fruits and veg-
etables, representing 50% to 80% of the total dry weight. Carbohydrate functions
include, among others, the storage of energy reserves and the make-up of much of
the structural framework of cells. Simple carbohydrates, which are also the imme-
diate products of photosynthesis, are important components of sensorial quality
attributes. Carbohydrates, like proteins, yield 4kcalg™!, while fats yield 9kcalg™".
In many products, monosaccharides comprise a major portion of the total sugars.
Glucose and fructose are the predominant forms of simple sugars found, especially,
in fruits. Sucrose, the primary transport form of carbohydrate in most plants, is a
disaccharide yielding glucose and fructose upon hydrolysis. Glucose, fructose and
sucrose are water-soluble and together they comprise most of the sugars associated
with the sweet taste of fruits and vegetables. The relative proportions of glucose and
fructose vary from fruit to fruit and, to a lower extent, in the same fruit according
to maturity. In many fruits (e.g. apple, pear, strawberry, grape) glucose and fructose
are present in greater amounts than sucrose, but in certain vegetables, such as pars-
nip, beetroot, carrot, onion, sweet corn, pea and sweet potato, and in some ripe fruits
such as banana, pineapple, peach and melon, the sucrose content is higher. Traces of
other mono- and disaccharide sugars such as xylose, arabinose, mannose, galactose
and maltose may also be present in small amounts (Salunkhe et al., 1991). Some
fruits of the Rosaceae family could also have significant levels of the sugar alcohol
sorbitol. Total carbohydrate content also includes starches, which are organized into
small grains, either within the chloroplasts or in some cases in specialized plastids
(amyloplasts). Some non-starchy root vegetables, such as parsnip, beetroot and car-
rot, are relatively rich in simple sugars, containing between 8% and 18% of total
carbohydrates. However, most vegetables contain smaller amounts of metabolizable
carbohydrates.

F. Dietary fiber

Definition and composition

Several definitions of fiber, either physiological or based on the measurement tech-
niques used for its determination, have been put forward (Slavin, 2005). An expert
panel adopted the term “dietary fiber consisting of non-digestible carbohydrates
and lignin that are intrinsic and intact in plants” (Institute of Medicine, 2001).
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Dietary fiber includes very diverse macromolecules exhibiting a large variety of
physico-chemical properties. The main components included as fiber are cellulose,
hemicelluloses, pectins, lignin, resistant starch and non-digestible oligosaccharides.

Cellulose is a cell wall polymer of (3-1,4-linked glucose (Brett and Waldron,
1996). Within the cell wall, the glucan chains are associated with hydrogen bonds
to form assemblages highly resistant to degradation, known as microfibrils (Carpita
and McCann, 2000). In fruits and vegetables, the cell wall constitutes 1% to 2% of
the fresh weight, and cellulose could be as much as 33% of that amount. In general,
with the exception of avocado in which the whole cell wall seems to be degraded
(O’Donoghue et al., 1994), little change in cellulose content occurs during ripening
(Brummell, 2006).

Hemicelluloses Several cell wall polymers soluble in alkalis are classified as
hemicelluloses or cross-linking glycans (Brummell and Harpster, 2001). Within
the primary cell wall, hemicellulose levels are usually around 30% (Carpita and
McCann, 2000). The most common hemicellulose polymer in dicotyledonous spe-
cies is known as xyloglucan, composed as cellulose of a backbone of 3-1,4-linked
glucose, but with lateral chains of the pentose xylose (a-1,6 linked). These xylosyl
residues can be modified further, with galactose, arabinose and/or fucose (Brummell,
2006). Xylans are hemicellulosic compounds more abundant in monocotyledonous
species, having a backbone of (3-1,4-linked xylose which could be decorated with
side chains of arabinose and/or glucuronic acid. Other hemicellulosic compounds
usually less abundant include glucomannans, galactomannans and galactoglucoman-
nans (Carpita and McCann, 2000).

Pectins Fruit tissues are particularly rich in pectins, which can account for up
to 40% of the total cell wall polysaccharides. Pectins are also a diverse group of
polymers rich in galacturonic acid (Ridley et al., 2001). The most abundant pec-
tic polysaccharide in the cell wall is homogalacturonan, a homopolymer of «-1,
4-linked galacturonic acid residues, with variable degrees of methyl esterification at
C6 (Willats et al., 2001). The degree of polymerization and the proportion of methyl
esters affect the solubility of pectins. Pectins are deposited in the cell walls, with
a high degree of esterification, and methyl ester usually decreases during ripen-
ing. Another modification commonly observed in several fruits during ripening is a
reduction in pectin polymer size (Brummell, 2006; Vicente et al., 2007b). The extent
of pectin depolymerization is variable, ranging from fruits such as avocado showing
a dramatic downshift in polyuronide size (Huber and O’Donoghue, 1993) to products
in which these changes are negligible, such as pepper or some berries (Brummell,
2006; Vicente et al., 2007a). Rhamnogalacturonan I (RG I) and rhamnogalacturonan
IT (RG II) are pectic polysaccharides which are also present in the plant cell wall.
RG I has a backbone of alternating a-1,2-rhamnosyl and «-1,4-galacturonosyl resi-
dues (Willats et al., 2001), with side chains rich in arabinose and galactose (Carpita
and McCann, 2000). Losses in the side chains are a common feature in fruit ripen-
ing, which can also affect pectin solubility and hydration potential (Gross and Sams,
1984; Redgwell et al., 1997). RG 1I is the most complex polysaccharide present in
the cell wall; it has the ability to form dimers via borate diester bonds (O’Neill et al.,
2004; Kobayashi et al., 1996). Pectins, which are used in the commercial manufacture



Il. Traditional components 63

of jams and jellies, are extracted from certain fruits and vegetables such as citrus,
apples and beets.

Lignin is one of the most abundant biopolymers in nature (Boerjan et al., 2003).
It is an aromatic heteropolymer formed by the association of three hydroxycin-
namyl alcohol derivatives (p-coumaryl, coniferyl and sinapyl alcohols) (Reddy
et al., 2005). Lignin is a highly resistant polymer present in secondary cell walls,
and is associated with fibers and xylem vessels. In the case of fruits and vegetables,
lignin content is relatively low.

Resistant starch Starches are polysaccharides, composed of a number of
glucose molecules linked together with a-D-(1-4) and/or a-D-(1-6) linkages (Sajilata
et al., 2006). Resistant starch consists of starch and its degradation products that are
not digested in the small intestine (Asp, 1994). Legumes are rich in resistant starch,
and as much as 35% of their starch could escape digestion (Marlett and Longacre,
1996). Green bananas and potato are also relatively rich in resistant starch. Very little
information is available about the resistant starch content of foods and the amount of
resistant starch in a typical diet.

Non-digestible oligosaccharides (NDOs) Oligosaccharides are low molecular
weight carbohydrates intermediate in nature between simple sugars and polysac-
charides (Mussatto and Mancilha, 2007). While several oligosaccharides might be
hydrolyzed in the digestive tract, others might resist the digestive process. Some of
them include raffinose (trisaccharide composed of galactose, fructose, and glucose),
stachyose (two galactose, one glucose and one fructose unit, linked sequentially) and
verbascose (three galactose, one glucose and one fructose unit, linked sequentially).
Legumes are rich in NDOs (Mussatto and Mancilha, 2007).

Benefits of fiber intake

One of the most well known benefits of dietary fiber is the modulation of function
of the intestinal tract (Institute of Medicine, 2001). Meals rich in fiber promote sati-
ety earlier, and are usually relatively low in calories compared to meals rich in other
food types (Marlett et al., 2002). Several works have also associated diets rich in
dietary fiber with positive effects in disease prevention (see Institute of Medicine,
2001). Some works have established an inverse association between fiber intake and
coronary disease (Rimm et al., 1996; Wolk et al., 1999). Total fruit and vegetable
consumption was inversely associated with colorectal cancer risk (Terry et al., 2001).
Current national dietary guidelines recommend an increased dietary fiber intake and
suggest that fiber, independent of fat intake, is an important dietary component for
the prevention of some diseases. Recommendations for adult dietary fiber intake gen-
erally fall in the range of 20 to 35 grams per day. The average fiber intake of adults
in the US is less than half of this recommended level (Marlett and Slavin, 1997).

Sources of fiber

Whole grains (especially the pericarp) and also fruits and vegetables are considered
very good sources of fiber (Anderson et al., 2007). In 2004, the primary contribu-
tors of fiber to the food supply were fruits and vegetables (37.1%), followed by grain
products (36.0%) and legumes (13.3%) (Hiza and Bente, 2007). Fiber content of
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Table 5.2 Fiber content in selected fruits, vegetables and nuts

Product Dietary fiber (%)
Almond 12.2
Apple 2.4
Asparagus 2.1
Avocado 6.8
Banana 2.6
Broccoli 2.6
Carrot 2.8
Kiwifruit 3.4
Lettuce 2.1
Onion 1.7
Orange 2.4
Pea 2.6
Peach 1.5
Peanut 8.5
Pear 3.1
Pepper 2.1
Pineapple 1.4
Plum 1.4
Potato 2.2
Prunes 7.1
Raisin 3.7
Spinach 2.2
Strawberry 2.0
Tomato 1.2
Walnut 6.7

Source: US Department of Agriculture, 2008.

fruits and vegetables is usually in the range of 1% to 3% (Table 5.2). Nuts, legumes
and dried fruits have higher levels of fiber than fruits and vegetables. The nature of
fiber varies among food sources. For instance, pectin is low in grains, but consti-
tutes approximately 20% to 35% of the fiber in fruits, vegetables, legumes and nuts.
Hemicelluloses account for about half of the total fiber in grains, and approximately
25% to 35% of the total fiber in other foods. Cellulose is one third or less of the total
fiber in most foods (Marlett, 1992). Besides total fiber content, some relevant prop-
erties include particle size and bulk volume, surface area characteristics, hydration
and rheological properties, and adsorption or entrapment of minerals and organic
molecules (Guillon and Champ, 2000). The main modifications during storage of
most fruits and vegetables occur because of changes in the solubility and molecular
size of the cell wall constituents due to the action of several proteins (Brummell,
2006; Fisher and Bennett, 1991). In some products, modification in fiber fractions
could negatively affect quality. For instance, asparagus shows rapid hardening of the
basal portions of the spears during storage related to modifications of fiber, such as
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increased deposition of lignin (Saltveit, 1988). In general, preparation of fruits and
vegetables by typical home methods or commercial processing does not seem to
cause great loss of fiber (Zyren et al., 1983).

G. Vitamins

Vitamins are organic molecules required in trace amounts for normal development,
which cannot be synthesized in sufficient quantity by the organism and must be obtained
from the diet. The term “vitamin™ derives from the words “vital amine” because the
first vitamin discovered (thiamine) contained an amino group. The 14 vitamins known
today are vitamin A (retinol), B complex [B1 (thiamine), B2 (riboflavin), B3 (niacin),
BS5 (pantothenic acid), B6 (pyridoxine), B9 (folate/folic acid), biotin, choline and B12
(cyanocobalamine)] and vitamins C, D, E and K. They do not have common functions
or structure and are usually grouped into fat-soluble (A, D, E and K) and water-soluble
(B group and C) molecules. The vitamins present in fruits and vegetables make an
important contribution to human nutrition, as they have specific functions in normal
body performance. The vitamin content of fruits and vegetables shows a wide variation
among species (Salunkhe et al., 1991). Differences within cultivars occur, as well as
between different batches of the same cultivar grown under different environmental and
orchard conditions (Rodriguez-Amaya, 2001; Lee and Kader, 2000).

Vitamin A

Carotenoids are liposoluble pigments responsible for the yellow, orange and red
color of several fruits and vegetables. Carotenoids are terpenoids formed by eight
isoprene units (2-methyl-1,3-butadiene) and derived from isopentenyl diphosphate.
Those having an unsubstituted 3-ring with an 11-carbon polyene chain have provita-
min A activity (Meléndez-Martinez et al., 2007), such as a-carotene, 3-carotene and
cryptoxanthin (Kopsell and Kopsell, 2006). The structural requirement for vitamin
A is satisfied by around 60 carotenoids (Rodriguez-Amaya, 2001). Vitamin A plays
an important role in vision, cell division and differentiation, bone development and
reproduction. The average daily requirement for vitamin A for an adult is estimated
at 5000 international units (1 IU = 0.3 pg retinol or 0.6 pg 3-carotene).

Among this group there are, basically, two different classes: carotenes containing C
and H (e.g. a-carotene, 3-carotene, lycopene, etc.), and oxygenated derivatives known
as xantophylls, such as lutein, violaxanthin and zeaxanthin. Carotenoids in plants
have functions related to radiation interception, mainly in the blue—green region of
the spectrum, which may be transferred to the photosynthetic centers (Kopsell and
Kopsell, 2006). Moreover, these pigments protect the photosynthetic structures from
excessive energy (Grusak and Della Penna, 1999). They are usually present in low
concentrations and their levels are highly variable among species. Fruits and vegeta-
bles account for only 30% of the vitamin A in the American diet (Hiza and Bente,
2007). Vegetables that can supply useful amounts of carotene include carrots, pump-
kins and squashes.

Compared to vegetables, fruits are generally not as good a source of carotenoids,
although there are a few notable exceptions such as apricot, mango, citrus, papaya
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Table 5.3 Carotene content (mean values) of selected fruits

Product Carotene (ug 100g™")
Mango 1800
Cantaloupe 1000
Pawpaw 810
Guava 435
Apricot 405
Plum 295
Watermelon 230

Source: Rodriguez-Amaya, 2001.

and watermelon (Table 5.3). Tomatoes and peppers also contain high levels of carote-
noids. Their distribution is not usually uniform and in general, their accumulation is
higher in the peel than in the pulp (Rodriguez-Amaya, 2001). To date, over 600 dif-
ferent carotenoids have been identified, but only a few of them are commonly found
in produce. (3-carotene, the most widely studied carotenoid, accumulates in carrots;
lycopene is common in tomato and watermelon. Other pigments within this group
include a-carotene, 3-carotene, lutein, cryptoxanthin and zeaxanthin. In tomatoes,
peaches and carrots the synthesis of carotene can continue after harvest. There is no
difference between the carotene content of cooked vegetables and that of raw veg-
etables. Absorption of carotene can only be effective if the diet includes a minimum
of 15% fat. The manner in which the food is prepared also determines the amount of
carotene that will be absorbed. Homogenized carrots allow for the best absorption,
followed by shredded carrots and whole carrots.

Vitamin B complex

Thiamine is required in the human body for the metabolism of carbohydrates. A daily
intake of 1-2mg is generally considered as necessary for a normal adult. Legumes
are especially rich in thiamine. Compared with ascorbic acid, thiamine is relatively
stable at cooking temperatures, especially in a slightly acidic solution. However,
losses of 25% to 40% may occur during cooking.

The average human requirement for riboflavin is estimated to be 1-2mg per day.
Green vegetables such as beans, beets, peppers and spinach are particularly rich in
riboflavin. Starchy vegetables and fruits are relatively poor sources of riboflavin.
Niacin, also known as nicotinic acid, is a precursor to NADH, NAD, NAD™ and
NADP, which play essential roles in living organisms. A daily intake of 10mg to
15mg niacin is recommended. There is evidence that niacin can be synthesized in
the body from tryptophan. Almonds are a rich source, but no fruits or vegetables can
be singled out as being rich in niacin except perhaps, cape gooseberry and avocado.
Niacin is relatively stable.

Vitamin Bg (pyridoxal phosphate) is a cofactor in many transamination, decarbox-
ylation and deamination reactions (e.g. in plants, formation of ACC by ACC synthase
requires pyridoxal phosphate as a cofactor) (Ramalingam et al., 1985). Common



Il. Traditional components 67

symptoms of vitamin By deficiency include dermatitis around the eyes, elbows and
mouth, along with soreness of the mouth and a red tongue. It can also lead to dizzi-
ness, vomiting, weight loss and severe nervous disturbances (Salunkhe et al., 1991).
Vitamin Bg is present in appreciable amounts in beans, cabbage, cauliflower, spinach,
sweet potatoes, grapes, prunes, avocados and bananas. It is fairly heat stable.

Pantothenic acid can be obtained from fresh, canned or frozen fruits and vegeta-
bles containing this vitamin if they are included in the diet. Pantothenic acid occurs
widely in peas, beans, nuts, broccoli, mushrooms, potatoes and sweet potatoes.
Symptoms of pantothenic acid deficiency in the diet include fatigue, headaches,
sleep disturbance, tingling of hands and feet and lack of antibody production.

Biotin is stable during cooking, processing and storage of fresh, canned and frozen
fruits and vegetables. Deficiency leads to depression, sleeplessness and muscle pains.
It is synthesized in the intestinal tract (Salunkhe et al., 1991).

Folic acid is essential for reproduction and normal growth. The vitamin is present
in fruits, spinach, cabbage and other green vegetables. Lack of folic acid in the
diet can cause a red tongue, diarrhea and anemia. Choline is heat-stable and occurs
in dried legumes and vegetables. Choline deficiency in humans has never been
reported.

Vitamin B, does not occur in fruits and vegetables. Because vitamins of the B
group are water-soluble, leaching losses occur during cooking.

Vitamin C

Ascorbic acid (AsA) and its first oxidation product dehydroascorbic acid (which can
be reduced in the human body) might be considered as vitamin C. AsA is a water-
soluble carbohydrate-derived compound showing antioxidant and acidic proper-
ties due to the presence of a 2,3-enediol moiety (Figure 5.1). Humans and a few
other species are not able to synthesize AsA (Chatterjee, 1973), because the gene
coding for the last enzyme in the pathway (L-gulono-1,4-lactone oxidase) is non-
functional (Valpuesta and Botella, 2004). Plants synthesize AsA via a pathway that
uses L-galactose as a precursor (Smirnoff and Wheeler, 2000; Smirnoff, 2000).
Another pathway using galacturonic acid, which might be recycled from cell wall
pectin degradation, has been suggested in plants (Agius et al., 2003). AsA has cru-
cial biological functions in humans, such as its participation in collagen biosynthesis
(Murad et al., 1981). Even though nutritional deficiencies are rare in modern western
cultures, it is generally recognized that dietary AsA also has important health ben-
efits for the consumer, and an increased intake of vitamin C has been associated with
a reduced incidence of some diseases and disorders (Carr and Frei, 1999; Hancock
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Figure 5.1 Structure of ascorbic acid, a main antioxidant present in fruits and vegetables.
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and Viola, 2005). Furthermore, in meat-poor diets, dietary AsA can contribute to the
improved uptake of iron (Frossard et al., 2000). The recommended dietary allowance
of vitamin C for men is 75mg daily, while the recommended dietary allowance for
young women is higher, at 90 mg daily (Levine et al., 2001).

Fruits, vegetables and juices are the main dietary sources of vitamin C. Fruits and
vegetables account for 90% of the vitamin C in the US food supply (Hiza and Bente,
2007). Its concentration depends on the product considered (Noctor and Foyer,
1998), ranging from 1 to 150mg 100g~! fresh weight (FW) (Lee and Kader, 2000).
Vitamin C is present in fresh fruits and vegetables, as well as in fruit juices. Fruits,
particularly tropical species, and leafy vegetables are rich in ascorbic acid. Rosehip,
jujube and guava have very high levels of ascorbic acid. Other good sources of AsA
include persimmon, strawberry, kiwifruit, peppers, and citrus fruit, and spinach,
broccoli and cabbage among vegetables (Table 5.4).

Wide variations in vitamin C content also exist within cultivars. For instance, AsA
content in Actinidia deliciosa fruit varies from 29 to 80mg 100g~' FW, depend-
ing on the cultivar (Nishiyama et al., 2004). Even more dramatic variations were
found in berry fruits, with levels of AsA ranging from 14 to 103mg 100g™' FW
among cultivars of raspberry, blackberry, red currant, gooseberry and cornelian
cherry (Pantelidis et al., 2007). For any given product, the levels of AsA are highly
variable, depending on genetic and environmental factors (reviewed in Lee and
Kader, 2000). A main environmental factor determining the level of ascorbic acid is
radiation interception. In general, the greater the amount of sunlight received during
growth, the higher the ascorbic acid content. The retention of AsA is also markedly
affected by storage and processing. Potatoes lose up to 75% to 80% of the origi-
nal levels over nine months of storage. In most cases, other fruit and vegetable AsA
levels decline during storage, because the losses are accelerated by storage at high
temperatures. Bruising and mechanical damage greatly increase the rate of ascorbic
acid loss. Ascorbic acid is highly susceptible to oxidation, either directly or through
the enzyme ascorbate oxidase catalyzing the oxidation of AsA to dehydroascor-
bic acid, with the concomitant reduction of molecular oxygen to water (Sanmartin
et al., 2007). Ascorbic acid can even be oxidized during eating, while food is being
chewed. However, it is important to consider that the first breakdown product of AsA,

Table 5.4 Vitamin C content (mean values) of selected fruits

Product Vitamin C
(mg 100g " fresh weight)

Guava, raw 184
Kiwi, raw 118
Litchi, raw 72
Pawpaw, raw 62
Strawberry, raw 57
Citrus fruits 31-53
Cantaloupe 42

Source: Salunkhe et al., 1991.
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dehydroascorbic acid, still has vitamin C activity and all activity is lost if oxidation
proceeds beyond this stage (Salunkhe et al., 1991). When vegetables are cooked
before eating, high losses of vitamin C can occur. For instance, starchy vegetables
may lose between 40% and 80% of their vitamin C during cooking, because of
leaching and oxidation. Loss of vitamin C can be reduced by steaming or by placing
the vegetables directly into boiling water. Freezing reduces vitamin C slightly, but at
the end of long-term frozen storage (12 months), a significant decrease (33% to
55%) in vitamin C can occur (de Ancos et al., 2000).

Vitamin E

Vitamin E includes tocopherols and tocotrienols. They can be in eight different
forms (four tocopherols and four tocotrienols). All the isomers have aromatic rings
with a hydroxyl group that can donate hydrogen atoms to reduce reactive oxygen
species (ROS). The different isomers are named alpha (), beta (3), gamma (~) and
delta (9), and this is related to the number and position of methyl groups in the ring.
Each of the forms has its own vitamin E activity, a-tocopherol being the most active
(see Figure 5.2). Vitamin E deficiency results in stunted growth. In general, vitamin E
levels are more abundant in oily seeds, olives, nuts, peanuts, avocados and almonds.
Even though the levels of tocopherol in broccoli and leafy vegetables are lower than
in fat-rich products, they are good sources compared to other fruits and vegetables.
Vitamin E is highly susceptible to oxidation during storage and processing.

Vitamins D and K

Vitamin D is a group of fat-soluble compounds. The main forms of vitamin D are ergo-

calciferol and cholecalciferol. It occurs only in trace amounts in fruits and vegetables.
Vitamin K is essential for blood coagulation, but dietary deficiency is uncommon.

The recommended daily intake is 120ug. It occurs abundantly in lettuce, spinach,

cauliflower and cabbage. As well as direct intake, it can also be produced by bacteria

in the intestines.

lll. Antioxidants in fruits and vegetables

A. Oxidative damage and antioxidants

Imbalance in the production of reactive oxygen species (ROS) leading to negative
cellular alterations is known as oxidative damage, which is caused by several molecules

Figure 5.2 Structure of tocopherol.
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(Mittler, 2002). Reactive oxygen species are partially reduced forms of oxygen such
as singlet oxygen, hydrogen peroxide (H,0,), superoxide (O, ") or hydroxyl radical
(OH™) (Asada, 1999). Some, but not all of the components able to cause oxidative
damage are free radicals (i.e. molecules with unpaired electrons, which determine
their high reactivity). Currently, there is overwhelming evidence showing that the
ROS can alter proteins, lipids and nucleic acids, causing deleterious modifications
to normal metabolism, which can lead to several disorders and diseases (Waris and
Ahsan, 2006), and eventually to cell death (Jeremy et al., 2004). From a biological
perspective, an antioxidant is considered as any compound able to oppose cellular
oxidation. Diets rich in fruits and vegetables have been shown to reduce the incidence
of cardiovascular disease and some chronic and degenerative diseases associated
with oxidative damage (Ames et al., 1993; Dragsted, 2003). The incorporation of
fruits and vegetables in the diet may also help to eliminate certain toxins. The pro-
tective effects have been associated with the presence of antioxidant compounds
(Cao et al., 1996; Wang et al., 1996). Antioxidants are present in all plant organs and
include ascorbic acid, carotenoids, vitamin E and phenolic compounds, among others
(Larson, 1988) (Figure 5.3). Here we briefly describe some characteristics of these
components.

B. Ascorbic acid

As mentioned before (see Section I1.G) ascorbic acid is one of the most important
compounds for human nutrition present in fruits and vegetables. The role of AsA in
disease prevention has been associated with its capacity to neutralize ROS.

Main antioxidants in fruits and vegetables

Ascorbic

acid Carotenoids Vitamin E Phenolics Others

1 Phenolic acids
— Benzoic acids
Carotenes Tocopherols — Cinnamic acids Sulfur

Tocotrienol. tiox.
Xanthophylls ocotrienols Flavonoids antiox.

— Flavonols

— Flavones

— Isoflavones

— Flavanols

— Flavanones

— Anthocyanidins

— Proanthocyanidins

Others
— Coumarins
— Stilbenes
— Lignans and lignin

Figure 5.3 Main dietary antioxidants present in fruits, vegetables and legumes.
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C. Carotenoids

Fruits and vegetables are the main sources of carotenoids in the diet (Rao and Rao,
2007). The presence of conjugated double bonds in carotenoids has a main role in
determining their antioxidant properties (Sandmann, 2001). In the last few years,
carotenoids have received great attention due to their antioxidant properties and
potential to prevent some diseases. The general properties of these compounds were
described in Section II.G.

D. Tocopherols and tocotrienols

These include the fat-soluble compounds grouped as vitamin E, characterized by a
high antioxidant capacity. Their distribution in fruits and vegetables was previously
described (see Section I1.G).

E. Phenolic compounds

This group encompasses a great diversity of compounds derived from the aromatic
amino acids phenylalanine and tyrosine. Their main functions are acting as deter-
rents of potential predators or antimicrobials, protecting against UV-radiation and
contributing to the pigmentation of fruits and flowers. Phenolic compounds can
contribute to the astringency and bitter taste of some products. They are generally
present in low concentrations, but in certain cases, such as in blueberry, they can
reach levels of more than 0.1%. In general, they also accumulate in the peel more
than in the pulp of fruits. The general characteristic of the compounds within this
group is to have aromatic rings with variable degrees of hydroxylation (Mattila et al.,
2006). Phenolic compounds are easily oxidized to quinones. The beneficial prop-
erties of berry fruits on human health have been associated in part with the pres-
ence of relatively high levels of phenolic compounds (Seeram et al., 2006). There is
in vitro evidence showing that these compounds could influence several cellular pro-
cesses. Information regarding the metabolism and effect in vivo is much more limited
(Duthie et al., 2003). A large number of phenolic compounds have been identified in
plants (Tsao and Deng, 2004). They have been subdivided into different subclasses,
such as phenolic acids, flavonoids and other compounds (e.g. lignans, stilbenes,
tannins, coumarins and lignin).

Phenolic acids

Phenolic acids include derivatives of benzoic and cinnamic acid (Benbrook, 2005)
(Figure 5.4). The most common benzoic acid derivatives are p-hydroxybenzoic,
vanillic, syringic and gallic acid, while common cinnamic acid derivatives include
p-coumaric, caffeic, ferulic and sinapic acid. The derivatives differ in the degree of
hydroxylation and methoxylation of the aromatic ring. Caffeic acid is the most abun-
dant phenolic acid in several fruits such as berries (Mattila et al., 2006), while cou-
maric acid is usually present in lower proportions (Rice-Evans et al., 1997). Ferulic
acid represents 90% of total phenolic acids in cereals (Manach et al., 2004; Scalbert
and Williamson, 2000). The contribution of each of the phenolic compounds to the
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Figure 5.4 Structure of benzoic acid (left) and cinnamic acid (right), precursors of the two main classes
of phenolic acids present in fruits and vegetables.
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Figure 5.5 General structure of flavones (left) and flavonols (right).

antioxidant capacity depends on their structure. For instance, the number of hydroxyls
present in the molecule can increase the antioxidant capacity.

Flavonoids

Flavonoids represent a large group of phenolic compounds with two aromatic rings
in their structure that are associated together by a 3C-oxygenated heterocycle.
Phenolic compounds are usually present as glycosides, which reduce their activity
against free radicals and increase their solubility. At the cellular level, they are com-
partmentalized in the vacuoles (Rice-Evans et al., 1997). There are different classes
of flavonoids (Le Marchand, 2002) such as:

a) flavones and flavanols;
b) flavanones, flavanols;
c) isoflavones;

d) proanthocyanidins; and
e) anthocyanidins.

Flavones and flavonols Flavonols have a central ring of 3-hydroxypyran-4-one
(Rice-Evans et al., 1997). Flavones lack the OH in position 3 (Figure 5.5). Rutin,
luteolin and apigenin are common among flavones, while the most abundant
flavonols are quercetin and kampferol (Manach et al., 2004). Onions are rich in these
compounds. Blueberries also have high levels, especially in the peel, because synthe-
sis is stimulated by exposure to light. Celery is a good source of flavones. Flavones
are also present in citrus, but they are associated mainly with the fruit peel.

Flavanones and flavanols Flavanones do not have the double bond in position 2,3
of the central ring, while flavanols lack the carbonyl group at position 4 (Figure 5.6).
The genus Citrus is characterized by the accumulation of flavanone glycosides.
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Figure 5.6 General structure of flavanones (left) and flavanols (right).

Orange juice is a source of the flavanone glycoside hesperidin (Tripoli et al., 2007).
The flavanols catechin and epicatechin are common in grapes (Rice-Evans et al.,
1997).

Isoflavones Isoflavones are phytoestrogens present in legumes. Soybean prod-
ucts are a good source of these compounds (Manach et al., 2004). The three most
commonly found isoflavones are genistein, glycitein and daidzein.

Proanthocyanidins Proanthocyanidins are oligomeric flavonoids (usually dimers
or oligomers of the flavanols catechin and epicatechin). They are common in the peel
and seeds of grapes (Gu et al., 2004). Other sources of these compounds include
apple, almond and blueberry.

Anthocyanidins Anthocyanidins are pigments giving several fruits their char-
acteristic red or purple colors, although in some conditions they can be uncolored.
Besides being pigments, anthocyanidins have great relevance due to their contri-
bution to the antioxidant capacity of fruits and vegetables. The basic structure of
anthocyanidins is derived from the flavilium cation (2-phenyl-benzopyril). There
are six anthocyanidins more common in fruits and vegetables: pelargonidin, cyani-
din, delphynidin, peonidyn, petunydin and malvidin. The differences between them
are the OH, H and OCHj; groups associated with the phenolic rings. The distribu-
tion of hydroxyls in the molecule influences the antioxidant capacity of the differ-
ent anthocyanidins. These compounds are usually present as glycosides associated
with different sugars, since anthocyanidin glycosylation reduces antioxidant capacity
relative to the free aglycons.

Others
Lignans are diphenolic structures formed by the association of two derivatives of
cinnamic acid (Liu, 2007). They are present mainly in linseeds, cereals and legumes,
but their levels are low in fruits and vegetables. Stilbenes are also phenolic com-
pounds described in fruits. The most studied compound in this group is resveratrol
(Figure 5.7). This compound has been known for quite a while, and is commonly
produced in response to pathogens and other stress conditions in grapes (Langcake
and Pryce, 1976). It has also been identified in other fruits, such as blueberry. It has
been suggested that it may have anticarcinogenic properties.

Finally, lignin is a phenolic polymer present in secondary cell walls of plant
tissues. It is highly hydrophobic and is formed by three main monomeric precursors:
coumarylic, sinapylic and coniferyl alcohols. It is associated with conduction tissues
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Figure 5.7 Resveratrol has been studied in detail in grapes. It has been suggested that this compound has
anticarcinogenic properties.

Factors affecting the levels of antioxidants in fruits

Genetic Environmental
Preharvest Harvest Postharvest
— Species — Radiation — Maturity — Storage
— Variety — Stress during development — Handling — Postharvest treatments
(water, fertility, pathogens, (UVC, ozone)
etc,) — Processing

Figure 5.8 Main factors affecting the level of antioxidants in fruits.

(xylem vessels, sclereids, tracheids), and in general it is not abundant in fruits and
vegetables. Its contribution, from the antioxidant point of view, is associated only
with the products of its potential degradation that are very limited.

F. Factors affecting the levels of antioxidants in fruits
and vegetables

Several factors influence the accumulation and degradation of antioxidant compounds
in fruits. In general terms, these variables could be divided into genetic and environ-
mental. Different factors are included within each of these groups (Figure 5.8).

Genetic factors

Species The species is the first factor determining the prevalence of different antioxi-
dants. Although there are some exceptions, each group is characterized by the accu-
mulation of certain types of antioxidants (Table 5.5). Berries are particularly rich in
phenolic compounds (Zheng and Wang, 2003) and vitamin C (Kevers et al., 2007).
The main antioxidants in this group seem to be phenolics because, in general, a good
correlation between total antioxidant capacity and phenolic compounds has been
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Table 5.5 Fruits and vegetables rich in the different groups of antioxidants

Ascorbic acid Vitamin E Carotenoids Phenolics
Strawberry Almond Pineapple Blueberry
Pepper Corn Plum Plum
Kiwifruit Broccoli Peach Raspberry
Orange Spinach Pepper Strawberry
Pepper Peanut Mango Apple
Broccoli Avocado Melon Blackberry
Guava Tomato

Rosehip Carrot

Persimmon

observed. In the case of ripe blueberry, ascorbic acid only contributes 0.4% to 9.0%
to the total antioxidant capacity (Kalt et al., 1999).

Cultivar For a given species, the levels of antioxidants are also markedly affected
by the cultivar considered. For instance, in strawberry, Nelson and co-workers (1972)
found variations from 19 to 71 mg of ascorbic acid per 100g FW in six varieties.
Similar differences among varieties have been found for phenolic compounds (Wang
and Lin, 2000). The identification of lines or mutants enriched in antioxidants might
be useful in breeding programs aimed at improving the nutritional value of fruits and
vegetables. The identification of the nature of the genes mutated in lines with altered
accumulation of antioxidants might also be of great value. For instance, in the case
of tomato the characterization of the high pigment (4p) mutants, which accumulate
high levels of carotenoids, showed that the mutated gene is associated with plant light
responses, and the over-expression of this gene resulted in increased accumulation of
carotenoids (Liu et al., 2004). Also, in tomato the level of (3-carotene and lycopene
were raised by increasing the expression of phytoene synthase and lycopene cyclase,
respectively (Fraser et al., 2002; D’Ambrosio et al., 2004). Similarly in carrot, the
over-expression of a (3-carotene ketolase isolated from Haematococcus pluvialis led to
the accumulation of the ketocarotenoid astaxanthin (Jayaraj et al., 2008). The genera-
tion of transgenic plants has also been seen to increase the levels of other antioxidants
such as phenolic compounds. Transformation of tomato with a Petunia gene for chal-
cone isomerase increased the concentration of flavonols in the peel almost 80 times,
without altering other phenotypic characteristics (Muir et al., 2001). In the case of
ascorbic acid, the elucidation of its biosynthetic pathway opened the way to manipu-
late ascorbate biosynthesis in plants (Smirnoff, 2000). However, while most of the
genes proposed to be involved in these pathways have been cloned and expressed in
various plant species, transformation strategies to increase AsA concentrations have
had only limited success. Thus, there is a need for alternative approaches to identify
the genetic determinants underlying whole plant AsA homeostasis.

Environmental factors
Radiation In many cases, modifications in the level of phenolic compounds, ascorbic
acid and carotenoids have been associated with changes in the radiation interception
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in the field. Sun-exposed sides of fruits have higher levels of phenolics and vitamin
C than shaded regions (Lee and Kader, 2000). In the case of leafy vegetables, the lev-
els of flavonols are 10 times higher in the surface leaves than in the internal leaves.
In tomato, the level of total phenolics increased twofold in plants exposed to higher
irradiance. Similarly, these plants presented higher levels of carotenoids and ascorbic
acid (Gautier et al., 2008). This illustrates that maximization of radiation interception
is important to obtain products with higher accumulation of antioxidants. However,
the optimal irradiance levels required to maximize accumulation of the different
groups of antioxidants in fruits and vegetables are not well established.

Cultural practices There are several works analyzing the effect of cultural prac-
tices on the level of different groups of antioxidants. For instance, strawberry fruit
grown with plastic mulch had higher antioxidant capacity than fruits from plants
grown in beds without plastic mulch (Wang et al., 2002). High nitrogen fertilization
has been associated with reduced levels of ascorbic acid (Lee and Kader, 2000), and
compost as a soil supplement significantly enhanced levels of ascorbic acid (Wang
and Lin, 2003). Vitamin C accumulation also has been inversely correlated with
rainfall (Toivonen et al., 1994). Some authors have found evidence suggesting that
organic products might accumulate higher levels of antioxidants and vitamins than
those produced conventionally (Woese et al., 1997; Weibel et al., 2000; Asami et al.,
2003; Chassy et al., 2006). However, there are also studies that show either results
that are opposite, or results that show no difference (Barrett et al., 2007). Winter and
Davis (2006) concluded that it is not possible to ensure that, from a nutritional point
of view, organically grown products are superior to those obtained by conventional
agricultural techniques.

Maturity at harvest The developmental stage might affect the antioxidant capacity
of fruits (Prior et al., 1998). The nature of these changes depends on the product
considered. For instance, in tomato and pepper total antioxidant capacity increases
because of the accumulation of carotenoids and vitamin C. In the case of blueberry
fruit the concentration of phenolic acids decreases during ripening, while anthocyanins
are accumulated (Castrejon et al., 2008), resulting in a net reduction of total antioxi-
dant capacity during development. Similar patterns have been observed in strawberry
and blackberry (Wang and Lin, 2000). In the case of carotenoids, in some prod-
ucts (e.g. pepper, tomato, mango) the concentration increases during development
(de Azevedo and Rodriguez-Amaya, 2005). In contrast, products in which color is
mainly associated with the accumulation of anthocyanins or products that maintain
their green color at harvest usually show a reduction in the level of carotenoids as
development progresses (Rodriguez-Amaya, 2001).

Wounding Mechanical damage may cause alterations in the levels of antioxidants.
In the case of AsA, cellular breakage causes an increase in the levels of the internal
pressure of oxygen favoring oxidation. Carotenoid degradation is also accelerated by
oxygen, but the stability of these compounds is higher than that of AsA. In the case
of phenolic compounds, wounding could alter both their synthesis and degradation
(Tomas-Barberan et al., 1997; Loaiza Velarde et al., 1997). In lettuce, wounding led to
the accumulation of soluble phenolic compounds (e.g. chlorogenic acid) (Choi et al.,
2005). From a molecular perspective, wounding has been shown to induce de novo
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synthesis of phenylalanine ammonia lyase, a key enzyme in phenylpropanoid metab-
olism (Choi et al., 2005). Besides its role on phenolic biosynthesis, wounding also
affects degradation. First, also in response to wounding, an increase in enzymes asso-
ciated with phenolics oxidation such as polyphenol oxidases (PPOs) and peroxidases
(PODs) has been reported. In addition, cell disruption allows direct contact between
pre-existing phenolic degrading enzymes. Finally, the production of hydrogen
peroxide upon damage provides a secondary substrate of PODs and the reduction
of barriers for oxygen diffusion might favor PPO activity. This might promote the
oxidation of phenolics, which can then polymerize, leading to the formation of
brown colored pigments that may ultimately reduce quality. Consequently, careful
handling and minimization of physical damage is recommended.

Storage The effect of storage on antioxidants in many cases is related to the role
of ethylene in the ripening process. Consequently, the final effect on antioxidant
(AOX) levels will depend on the typical modifications observed during development
of the species considered. In some cases, ethylene can induce specific antioxidants.
For instance, in carrot, ethylene stimulated the accumulation of an isocoumarin
(6-methoxymellein). In berries it has been observed that atmospheres with high
levels of oxygen (60% and 100%) result in increased antioxidant capacity by favor-
ing anthocyanins and other phenolics accumulation (Zheng et al., 2003). However,
the oxidation of AsA might also be favored in these conditions. Besides the effect
of any specific group of antioxidants in most fruits, it has been observed that the
changes in total antioxidant capacity are not dramatic during postharvest storage.
Excluding some products, such as broccoli and banana, fruits and vegetables, in
general, lose their visual quality before marked losses in total antioxidants occur
(Kevers et al., 2007). In some cases, an increase in total AOX capacity is observed,
basically, associated with the accumulation of phenolics. In strawberry, storage at
5°C and 10°C increased the antiradical capacity (Ayala-Zavala et al., 2004). Further
studies to evaluate the extent of this increased accumulation of antioxidants in
some fruits might be done to determine the potential for increasing the functional-
ity of fruits and vegetables through manipulation of the postharvest environment
(Kalt et al., 1999).

Other treatments Some studies suggest that manipulation of the metabolism of
products by the application of postharvest treatments could be useful to increase the
antioxidant capacity, with consequent nutritional benefit (Kalt et al., 1999). Phenolic
compounds’ synthesis might be triggered in response to stress conditions, such as
infection by microorganisms or wounding, ultraviolet (UV) irradiation or the expo-
sure of the products to ozone-enriched atmospheres. In grapes, postharvest UV-C
and ozone treatments increased the accumulation of resveratrol (Cantos et al., 2001;
Versari et al., 2001; Gonzalez-Barrio et al., 2006). The elicitation of the accumula-
tion of antioxidant compounds has also been observed in other fruits. In blueberry cv.
Bluecrop, besides reducing decay, UV-C radiation exposure (2 or 4kJ/m?) resulted in
increased accumulation of anthocyanins and higher levels of antioxidants (Perkins-
Veazie et al., 2008). In the case of strawberry, UV-C treatments also increased the
level of phenolic compounds and the antiradical capacity (Ayala-Zavala et al., 2004).
These results, at a laboratory scale, show an interesting eliciting effect of some
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postharvest treatments on antioxidant accumulation. Further studies would be useful
to determine the potential of these strategies on a commercial scale.

Processing The effect of processing on the level and bioavailability of antioxi-
dants depends on the treatment intensity, as well as on the component considered
(Bernhardt and Schlich, 2006). In some cases, processing could lead to higher
availability of antioxidants, due to an increase in the ease of extractability. For
instance, with carrot and spinach carotenoids vapor cooking increases assimilation,
probably due to a disruption of carotenoid-protein complexes. Similarly, the bioavail-
ability of lycopene increases in heat-treated tomato. However, cooking could cause
the isomerization of 3-carotene, leading to the formation of cis isomers with lower
provitamin A activity (Deming et al., 2002a,b). For instance, in the case of fresh
carrots, 100% of the (3-carotene is present in the frans form, while canning results
in a significant formation of cis isomers. Carotenoids are in general susceptible to
oxidation. Heat, light and oxygen could accelerate their degradation (von Elbe and
Schwartz, 1996). Minimizing the influence of these factors could reduce caroten-
oids loss. Ascorbic acid is one of the antioxidants more susceptible to degradation.
Blanching or even freezing and thawing could cause losses up to 25%. More drastic
treatments could lead to losses of up to 90% of AsA. Some of the factors affecting
the loss of AsA include the degree of heating, the exposed surface (which affects
lixiviation in the cooking media), oxygen levels and product pH (Eitenmiller and
Landen, 1999). The stability of AsA could be increased at low pH, reduced oxygen
pressure, darkness and presence of chelating agents. Consumption in the fresh state
is the best way to minimize AsA losses. Finally, processing can also cause losses of
phenolic antioxidants. For instance, peeling or cutting reduces quercetin levels by
only 1%, but cooking in water may reduce the content of this component by 75%.

IV. Fruits and vegetables as direct
sources of minerals

Dietary minerals raise concern for health specialists and consumers, due to the
number of processes they are involved in and the continuous research highlighting
the benefits of their adequate and balanced intake. Although there is no universally
accepted definition or classification, the dietary focus on “minerals” derives from an
interest in supporting the biosynthetic apparatus with required elemental components
other than carbon, hydrogen and oxygen.

Total mineral content is determined by the ash value. Nevertheless, classification
of many elements as essential minerals for human nutrition is not definitive, and
there is still debate as to the natural biological role of vanadium, chromium, boron,
aluminum and silicon in human health. Minerals are normally classified as macro-
or micronutrients, based on the relative concentration of each nutrient when those
concentrations are adequate for normal tissue function. Macronutrients include
potassium (K), calcium (Ca), magnesium (Mg), nitrogen (N), and phosphorus (P),
and their concentrations in plant tissues range from 1000 to 15000pg per gram of
dry weight. In contrast, the concentrations of micronutrients usually found in plant
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tissues are 100- to 10000-fold lower than those of macronutrients. Mineral micro-
nutrients considered essential in human nutrition include manganese (Mn), copper
(Cu), iron (Fe), zinc (Zn), cobalt (Co), sodium (Na), chlorine (Cl), iodine (I), fluorine
(F), sulfur (S), and selenium (Se). Macronutrients can also be classified into those
that maintain their identity as ions within plant tissues (e.g. K*, Ca?* and Mg?™),
and those that are assimilated into organic compounds (e.g. N and P).

In general, vegetables are a richer source of minerals than fruits, but both vegeta-
bles and fruits are considered “nutrient-dense foods” in that they provide substantial
amounts of micronutrients, such as minerals and vitamins, but relatively few calories
(Table 5.6).

Minerals have both direct and indirect effects on human health. The direct effects
of minerals focus on the consequences of their consumption on human nutrition,
while the indirect effects refer to their incidence in fruit and vegetable quality and
subsequent consumer acceptance. From a direct nutrition standpoint, potassium has
the biggest presence in both fruits and vegetables, but nitrogen and calcium show
major impacts on horticultural crop quality.

Table 5.6 Fruit and vegetable sources of potassium, ranked by milligrams of potassium

per standard amount, also showing calories in the standard amount . The dietary
reference intake (DRI) for potassium for adults and adolescents is 4700 mg/day.

Fruits and vegetables, standard amount Potassium (mg) Calories
Sweetpotato, baked, 1 potato (146 g) 694 131
Tomato paste, % cup 664 54
Beet greens, cooked, % cup 655 19
Potato, baked, flesh, 1 potato (156 g) 610 145
White beans, canned, %2 cup 595 153
Tomato puree, %2 cup 549 48
Prune juice, % cup 530 136
Carrot juice, % cup 517 71
Lima beans, cooked, % cup 484 104
Winter squash, cooked, 2 cup 448 40
Banana, 1 medium 422 105
Spinach, cooked, %2 cup 419 21
Tomato juice, % cup 417 31
Tomato sauce, %2 cup 405 39
Peaches, dried, uncooked, % cup 398 96
Prunes, stewed, % cup 398 133
Apricots, dried, uncooked, % cup 378 78
Cantaloupe, % medium 368 47
Honeydew melon, V8 medium 365 58
Plantains, cooked, %2 cup slices 358 90
Kidney beans, cooked, %2 cup 358 112
Orange juice, % cup 355 85
Split peas, cooked, ¥2 cup 355 116

"US Department of Health and Human Services and US Department of Agriculture, 2005.
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Until recently, nutrition research focused on single-mineral impact on human
health, generally with incongruent results. The recognition that minerals are not con-
sumed individually, but as combined constituents of a varied diet, has shifted the
efforts in this area to unraveling the role of the overall diet, or dietary patterns, in
blood pressure and cardiovascular diseases, bone diseases and a range of chronic dis-
orders. Epidemiological surveys suggest that the total diet has a greater influence on
health than do specific components. From these dietary pattern studies, it has become
increasingly clear that it is not merely the excess or deficiency of a single mineral,
but also deficiencies of multiple nutrients in combination that have the greatest die-
tary effects on health. Adequate intake of minerals such as potassium — specifically
derived from foods such as horticultural crops, where they coexist with other essen-
tial nutrients — contributes to overall health.

As described in previous sections, fruits and vegetables provide a milieu of phy-
tochemicals, non-nutritive substances that possess health protective benefits. In
contrast, fruits and vegetables may not usually be recognized as primary sources of
mineral intakes from a nutritional point of view (Fairweather-Tait and Hurrell, 1996).
Nevertheless, the Dietary Approaches to Stop Hypertension (DASH) emphasize
fruit, vegetable and low-fat dairy product consumption as a source of minerals. In
the DASH dietary pattern, vegetables contribute an average of 14.3%, 15.5%, 16.2%
and 10.4% to the intakes of calcium, magnesium, potassium and zinc, respectively
(Lin et al., 2003). Correspondingly, fruits and juices contribute an average of 5.8%,
17.3%, 33.0% and 6.6% (Lin et al., 2003).

There has been a natural trend towards lower mineral content in fruits and vegeta-
bles over the past decades (Mayer, 1997; Ekholm et al., 2007) which have not been
fully compensated for by the increase in fruit and vegetable consumption. Vegetable
contribution of potassium, phosphorus, magnesium, calcium, copper, iron and zinc
to the US food supply significantly decreased during the last century, while fruit con-
tribution of potassium, phosphorus, magnesium and copper increased (Table 5.7).

Table 5.7 Minerals (%) contributed from fruits and vegetables to the US food supply in selected years

Fruit Vegetables

Mineral Year/s Year/s

1909-1919 1960-1969 2004 1909-1919  1960-1969 2004
Potassium 8.0 8.7 11.2 36.7 27.1 26.6
Calcium 2.6 2.2 2.6 8.7 6.0 7.0
Phosphorus 1.5 1.5 1.8 10.4 7.7 7.7
Magnesium 4.5 5.6 6.1 18.2 15.9 139
Copper 5.2 6.1 6.1 30.2 22.8 17.2
Iron 3.3 3.1 2.5 18.4 13.5 10.1
Zinc 1.2 1.3 1.2 9.1 7.4 6.4
Sodium 0.8 1.3 2.0 10.4 23.4 28.9
Selenium 0.5 0.6 0.4 1.2 2.4 2.3

Source: Hiza and Bente, 2007.
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Nowadays different postharvest strategies for improving the mineral intake from
fruits and vegetables are being implemented. These comprise increasing consumption
of fruits and vegetables and increasing levels of essential nutrients through fortifica-
tion methods. Alternative approaches include improving nutrient bioavailability and
retention.

A. General considerations of selected minerals

Potassium (K)

A potassium-rich diet contributes to lower blood pressure, blunting the effects of
salt (Salunkhe et al., 1991). Inadequate levels of potassium intake have long been
associated with higher blood pressure (McCarron and Reusser, 2001). Potassium
also regulates heartbeat, assists in muscle contraction and is needed to send nerve
impulses and to release energy from fat, carbohydrates and protein. Different nutri-
ents and phytochemicals in fruits and vegetables, including potassium, may be inde-
pendently or jointly responsible for an apparent reduction in cardiovascular disease
risk (Ignarro et al., 2007). Potassium is a systemic electrolyte and is essential in
coregulating ATP with sodium. Potassium favorably affects acid—base metabolism,
which may reduce the risk of developing kidney stones (Zerwekh et al., 2007), and
possibly decrease bone loss with age. Although calcium intake is an important deter-
minant in peak bone mass, and in retarding bone loss in postmenopausal women,
findings of higher bone mass and lower bone resorption in women consuming high
intakes of potassium, magnesium, zinc and vitamin C emphasizes the importance of
considering the impact of variation in other nutrients when focusing on a particular
mineral (Cohen and Roe, 2000). In fact, up to 11 different groups of compounds
(vitamins, minerals, antioxidants and others) in fruits and vegetables could influence
bone health (MacDonald, 2007).

Potassium is the most abundant individual mineral element in fruits and vegeta-
bles. It normally varies between 60 and 600mg per 100g~" of fresh tissue. It plays
a role in a myriad of cellular and whole plant functions: it serves as an osmoticum
for cellular growth and stomatal function, balancing the charges of anions, activating
almost 60 plant enzymes and participating in numerous metabolic processes, including
protein synthesis, oxidative metabolism and photosynthesis.

In fruits and vegetables, potassium occurs mainly in combination with various
organic acids. Examples of potassium-rich fruits and vegetables include bananas
and plantains, leafy green vegetables, many dried fruits, oranges and orange juice,
cantaloupes and honeydew melons, tomatoes and root vegetables (Table 5.7).

Calcium (Ca)

Calcium is essential for bone and tooth formation. Because of this, calcium require-
ments are higher during adolescence. Calcium is also very important during later
adulthood, and of great consequence from a public health perspective, because
inadequate intake of calcium may increase the risk of osteoporosis, a condition in
which decreased bone mass weakens bone (Nordin, 1997; Cohen and Roe, 2000).
With nearly half of all American women over 50 years of age demonstrating low
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mineral bone density or osteoporosis, and an estimated 1.3 million osteoporosis-related
fractures occurring each year in the US, with a billion dollar estimated annual cost
(DeBar et al., 2004), osteoporosis prevention is a major public health target. Calcium
fluxes are important mediators of hormonal effects on target organs through the
phosphoinositol system, and are closely linked with the cyclic AMP systems. There
is also evidence linking hypertension with calcium deficiency (Appel et al., 1997;
McCarron and Reusser, 2001).

In plants, calcium is primarily associated with the pectic materials. It is believed
to have a major influence on the rheological properties of the cell wall and, conse-
quently, on the texture and storage life of fruits and vegetables. Ca®" can interact
with the anionic pectic polysaccharides, coordinating with the oxygen functions of
two adjacent pectin chains to form the so-called “eggbox structure,” and cross-linking
the chains (Rose et al., 2003). Intracellular Ca>* also occupies a pivotal role in cell
signal transduction (Sanders et al., 1999). The plant signals thought to be transduced
through cytosolic Ca?* include wounding, temperature stress, fungal elicitors, oxida-
tive stress, anaerobiosis, abscisic acid, osmotic stress, red or blue light and mineral
nutrition. Intracellular Ca?" transient increases are often associated with initiation of
responses. Thus, Ca’* is a prominent second messenger, and it must be maintained
in the cytoplasm at concentrations many orders of magnitude lower than the Ca?" in
the cell wall.

Horticultural crops are considered a secondary source of calcium in comparison to
dairy products but, taken as a whole, fruits and vegetables account for almost 10%
of the calcium in the US food supply (Table 7, Cook and Friday, 2003). Dark green
leafy cabbage family vegetables and turnip greens are good calcium sources and
most green leafy vegetables are potential calcium sources because of their absorba-
ble calcium content (Jodral-Segado et al., 2003; Titchenal and Dobbs, 2007). Projects
designed to test the efficacy of a health plan-based lifestyle intervention for increasing
bone mineral density propose not only to increase the consumption of high calcium
foods, but also of fruits and vegetables (DeBar et al., 2004).

Magnesium (Mg)

Magnesium is important in protein synthesis, release of energy from muscle stor-
age and body temperature regulation. It is critical for proper heart function and plays
a role in bone formation, as previously described. Magnesium activates over 100
enzymes.

In plants, magnesium is a constituent of the chlorophyll molecule: the porphyrin-
like ring structure of chlorophylls contains a central magnesium atom coordinated
to the four pyrrole rings. On the other hand, magnesium is involved in the ener-
getic metabolism as a constituent of the Mg-ATP or Mg-ADP complex. Also, the
Calvin cycle — the pathway that produces a three-carbon compound as the first stable
product in the multistep conversion of CO, into carbohydrates — is partially regulated
via stromal Mg?>" concentration. This nutrient also serves important biochemical
functions in protein synthesis (Mengel and Kirkby, 1982).

In 2004, vegetable contribution to the total magnesium in the US food supply
was an average of 14% (Table 5.7). Using current population standards, magnesium
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intake was found to be below adequate levels for both adults and children (Sigman-
Grant et al., 2003). Mixed users, who are more likely to consume higher intakes of
grains, fruit and milk products, were found to have higher magnesium densities than
high-fat users, who consume significantly more servings of meat and higher levels of
discretionary fat (Sigman-Grant et al., 2003). Generally, magnesium levels are signif-
icantly higher in vegetables than in fruits, but nuts are good sources of this nutrient.
Dry fruits and legumes are the food groups that rank higher in magnesium content
(Jodral-Segado et al., 2003).

Phosphorus (P)

Inorganic phosphate is essential for skeletal mineralization and for multiple cellu-
lar functions, including glycolysis, gluconeogenesis, DNA synthesis, RNA synthesis,
cellular protein phosphorylation, phospholipid synthesis and intracellular regulatory
roles (DiMeglio et al., 2000). Phosphorus is a primary bone-forming mineral. In
western countries, isolated dietary phosphate deficiency is exceedingly rare, because
most westerners eat high-phosphate diets, except for occasional metabolic disorders
such as hyperphosphatemia (DiMeglio et al., 2000).

Phosphorus can exist in plants as both inorganic phosphate anions and organo-
phosphate compounds (Raghothama, 1999). Unlike sulfate and nitrate, phosphate is
not reduced in plants during assimilation, but remains in its oxidized state forming
phosphate esters in a wide variety of organic compounds. Inorganic phosphorus con-
stitutes a main structural component of nucleic acids and phospholipids, and plays
a critical role in energy conversion in the form of high-energy phosphoester and
diphosphate bonds. It is important both as a substrate and as a regulatory factor in
oxidative metabolism and photosynthesis, it participates in signal transduction, and
regulates the activities of an assortment of proteins by way of covalent phosphorylation/
dephosphorylation reactions.

In 2004, the primary contributor of phosphorus to the food supply was the dairy
group (31.3%), followed by the meat, poultry and fish group (24.9%) and grain prod-
ucts (19.4%) (Hiza and Bente, 2007). Fruit and vegetable contribution to the total
phosphorus in the US food supply was an average of 9.5% (Table 5.7). Among tree
fruits, nuts are natural sources of phosphorus.

Nitrogen (N)

The largest requirement for nitrogen in eukaryotic organisms is the biosynthe-
sis of amino acids, building blocks of proteins and precursors of many other com-
pounds. Proteins represent a large percentage of the human body and carry out many
different cell functions. Therefore, protein synthesis is central to cell growth,
differentiation, and reproduction.

Nitrogen is also an essential component of nucleic acids, cofactors and other
metabolites. Several plant hormones (indole-3-acetic acid, zeatine, spermidine, etc.)
contain nitrogen, or are derived from nitrogenous precursors. Alkaloids and other
secondary compounds contain nitrogen, and various phenolics derive from pheny-
lalanine and are therefore linked with amino acid metabolism. Moreover, nitrogen
is a major constituent of chlorophyll. The characteristic preharvest yellow color of
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nitrogen-starved vegetables — a physiological disorder called chlorosis — reflects their
inability to synthesize adequate amounts of green chlorophyll under nitrogen-limited
conditions.

Sulfur (S)
Sulfur is an essential nutrient required for growth, primarily used to synthesize
cysteine and methionine. The sulfur-containing amino acids play pivotal roles in
the structural and catalytic functions of proteins. Cysteines are important because
oxidizing the thiol groups of two cysteine residues can form disulfide bonds,
important covalent linkages involved in establishing tertiary and, in some cases,
quaternary protein structures. The dithiol«<—disulfide interchange can be a regulatory
mechanism, as well as a mediator of redox reactions. Sulfur is also a component of
numerous essential and secondary metabolites derived from these amino acids.
Sulfur nutrition is important in the species within the order Brassicales (e.g. white
cabbage, broccoli, cauliflower, capers) for the synthesis of anticarcinogenic glucosi-
nolate compounds (reviewed in Sozzi, 2001). In caper (Capparis spinosa L.) flavor,
160 components were identified, including elemental sulfur (Sg) and more than 40
sulfur-containing compounds, among them thiocyanates and isothiocyanates.
Although of key importance in human and plant life, sulfur is a relatively minor
component in comparison with nitrogen. Generally, it is not a growth-limiting nutrient,
since sulfate, the oxidized anion, is relatively abundant in the environment.

Manganese (Mn)

Manganese is a key component of enzyme systems, including oxygen-handling
enzymes. It supports brain function and reproduction and is required for blood sugar
regulation. In addition, it is part of bone structure. Manganese is a cofactor in function
of antioxidant enzymes, such as the mitochondrial superoxide dismutase.

In plants, manganese atoms appear to undergo successive oxidations to yield a
strongly oxidizing complex that is capable of water oxidations during photosynthesis.
Also like magnesium, manganese is required in enzyme reactions involving carbon
assimilation. Chloroplasts are most sensitive to manganese deficiency. Among horti-
cultural crops, spinach is a good source of manganese.

Copper (Cu)

Copper, a redox active metal, plays an important role in the oxidative defense
system. In fact, oxidative stress is a characteristic of copper deficiency (Uriu-
Adams and Keen, 2005). Copper is necessary for the formation of hemoglobin and
is required for the function of over 30 proteins, including superoxide dismutase,
ceruloplasmin, lysyl oxidase, cytochrome c oxidase, tyrosinase and dopamine-
B-hydroxylase (Arredondo and Nufiez, 2005). During the past decade, there has been
increasing interest in the concept that marginal deficits of this essential nutrient can
contribute to the development and progression of a number of disease states, includ-
ing cardiovascular disease and diabetes. Deficits of this nutrient during pregnancy
can result in gross structural malformations in the fetus, and persistent neurological
and immunological abnormalities in the offspring (Uriu-Adams and Keen, 2005).
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In plants, copper is required for chlorophyll synthesis and in several copper-
containing enzymes involved in the reduction of molecular oxygen. The availability of
copper to plants, as with other trace minerals, markedly decreases as pH rises above
seven. At high pH copper is strongly adsorbed to clays, iron and aluminum oxides,
and organic matter. Of the micronutrients required by plants, copper often has the
lowest total concentration in soil.

Between 1909 and 1919 in the US, the vegetable group was the leading source of
copper (30%). In 2004, the grain group (21%) and the legumes, nuts and soy group
(20%) replaced the vegetable group (17%) as the leading sources of copper (Table 7,
Hiza and Bente, 2007).

Iron (Fe)

The metabolic fates of copper and iron are intimately related. The essentiality of iron,
as well as that of copper, resides in its capacity to participate in one-electron exchange
reactions. Systemic copper deficiency generates cellular iron deficiency that, in
humans, results in diminished work capacity, reduced intellectual capacity, diminished
growth, alterations in bone mineralization, and diminished immune response. Iron is
required in numerous essential proteins, such as the heme-containing proteins, elec-
tron transport chain and microsomal electron transport proteins, and iron-sulfur pro-
teins and enzymes such as ribonucleotide reductase, prolyl hydroxylase phenylalanine
hydroxylase, tyrosine hydroxylase and aconitase (Arredondo and Nufiez, 2005).

Iron is a constituent of the haem complex, a naturally occurring plant chelate
involved in electron transfer in a number of important plant enzymes (Mengel and
Kirkby, 1982). The plant plastid stroma may contain deposits of phytoferritin, a stor-
age form of iron similar to the ferritin of animal cells. Phytoferritin occurs almost
exclusively in plastids and most abundantly in the plastids of storage organs (Briat and
Lobreaux, 1997). In green vegetable leaves, there is a good correlation between iron
supply and chlorophyll content. Inadequate iron nutrition results in abnormal chloro-
phyll development, so that deficiency begins as an interveinal chlorosis on younger
leaves resulting in prominent green veins. The resultant reduction in photosynthetic
capability also reduces the weight and area of affected leaves. Descriptions of causes of
iron deficiency have been extensively reviewed for horticultural crops (Korcak, 1987).

Adult users of lower-fat foods consume more nutrient-dense diets, with higher
intakes of iron (Kennedy et al., 2001; Sigman-Grant et al., 2003). The predominant
source of iron in the American food supply is grain products, followed by the meat,
poultry and fish group. Between 1909 and 1919, the vegetable group furnished an
average of 18% of the iron in the food supply, but in 2004 that share dropped to an
average of 10% (Table 5.7). This is partially due to a decrease in the use of white
potatoes after 1920. Although potatoes are not a good source of iron, their contribu-
tion to the food supply increases when eaten in large quantities (Hiza and Bente,
2007), particularly if the skin is consumed (specifically, baked potato skin is 20-fold
richer in iron than the flesh). Almonds, pistachio nuts, walnuts, pecans, etc., are very
good sources of iron. Different vegetables (e.g. parsley, broccoli, kale, turnip greens
and collards) and legumes (e.g. green peas and beans) are also considered good
sources of iron.
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Zinc (Zn)

Zinc is a pervasive microelement that plays a catalytic or a structural role in
more than 200 enzymes (e.g. carboxypeptidase, liver alcohol dehydrogenase and
carbonic anhydrase) involved in digestion, metabolism, reproduction, and wound
healing. Zn>" is a cation with various coordination possibilities and several potential
geometries. Thus, it is easily adaptable for different ligands. The main role of struc-
tural Zn?" in proteins is to stabilize tertiary structures. In addition, zinc has a critical
role in immune response, and is an important antioxidant.

Zinc activates a number of plant cell enzymes (Romheld and Marschner, 1991),
but only a few of them (i.e. alcohol dehydrogenase, superoxide dismutase, carbonic
anhydrase, RNA polymerase) contain the micronutrient. Zinc can affect carbohydrate
metabolism because different Zn-dependent enzymes participate in biochemical
reactions involving sugars. Zinc also plays a role in the maintenance of cell mem-
brane integrity, in the protection from O, " damage, and the synthesis of RNA and
tryptophan, a precursor of indole-3-acetic acid. A comprehensive review of soil,
plant and management factors associated with zinc nutrition in horticultural crops
has been developed by Swietlik (1999).

Fruits and vegetables account for only 1.2% and 6.4%, respectively, of the zinc
in the American food supply (Hiza and Bente, 2007). As is the case for magnesium,
zinc intakes may be below the adequate levels for both adults and children (Sigman-
Grant et al., 2003). Fruits are poor in zinc, but pecans and walnuts are good sources
of this essential mineral. Parsley is also a good source of zinc.

Sodium (Na)

Sodium is a systemic ion. It is important in electrolyte balance and essential in
coregulating ATP with potassium. In addition, it has an important role in the regula-
tion of blood pressure.

Sodium contributed from vegetables increased during the last decades (Table 5.7),
due to the increased consumption of processed vegetables (largely tomatoes and
white potatoes). With the exception of canned vegetables, sodium estimates in the
food supply do not account for sodium added in processing. Thus, the relative contri-
bution of vegetables to sodium reported in the food supply is likely overstated (Hiza
and Bente, 2007). Table salt (NaCl) is by far the main dietary source for sodium.
Olives and spinach are horticultural sources of sodium. In general, fruits are poor in
sodium, and are recommended for low-sodium dietary patterns.

B. Factors influencing mineral content of fruits and vegetables

Influence of the species and the cultivar

Mineral composition varies widely in raw fruits (Table 5.8) and vegetables because
of genetics. Leafy vegetables tend to have higher concentrations of nutrients that are
less mobile in the plant (e.g. calcium) and depend on direct water flow rather than
recycling from leaves. Tissues with higher transpiration rates generally have higher
tissue calcium concentrations (Witney et al., 1990b). Concentrations of minerals
may also vary widely with the cultivar. For example, both Dwarf Brazilian bananas
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Table 5.8 Mineral composition of a range of fruit species. Results are in mg 100g " fresh weight.

Fruit Mineral
K Ca Mg P Mn Cu Fe Zn Na Se
Apples, raw, 107 6 5 11 0.035 0.027 0.12 0.04 1 0.0
with skin
Apricots, raw 259 13 10 23 0.077  0.078  0.39 0.2 1 0.1
Avocado, raw 507 13 29 54 0.149  0.170  0.61 0.68 8 0.4
(California)
Avocado, raw 351 10 24 40 0.095 0.311 0.17 0.4 2 -
(Florida)
Bananas, raw 358 5 27 22 0.270 0.078 0.26 0.15 1 1.0
Blackberries, 162 29 20 22 0.646  0.165 0.62 0.53 1 0.4
raw
Blueberries, 77 6 6 12 0.336 0.057 0.28 0.16 1 0.1
raw
Cherries, 222 13 11 21 0.070 0.060  0.36 0.07 0 0.0
sweet, raw
Figs, raw 232 35 17 14 0.128 0.070  0.37 0.15 1 0.2
Grapefruit, 147 11 9 12 0.020 0.032  0.08 0.07 1 -
raw, pink
and red
(California
and
Arizona)
Grapefruit, 127 15 8 9 0.010 0.044  0.12 0.07 0 1.4
raw, pink
and red
(Florida)
Grapes, red 191 10 7 20 0.071 0.127 0.36 0.07 2 0.1
or green
(euro
type, e.g.
“Thompson
seedless”),
raw
Kiwifruit, 312 34 17 34 0.098 0.130  0.31 0.14 3 0.2
fresh, raw
Lemons, raw, 138 26 8 16 0.030 0.037  0.60 0.06 2 0.4
without peel
Mangos, raw 156 10 9 11 0.027  0.110 0.13 0.04 2 0.6
Melons, 267 9 12 15 0.041  0.041 0.21 0.18 16 0.4
Cantaloupe,
raw
Oranges, raw, 179 40 10 17 0.023  0.037  0.09 0.06 0 -
California,
“Valencia”
Papayas, raw 257 24 10 5 0.011 0.016 0.10 0.07 3 0.6
Peaches, raw 190 6 9 20 0.061 0.068  0.25 0.17 0 0.1
Pears, raw 119 9 7 11 0.049 0.082 0.17 0.10 1 0.1

(Continued)
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Table 5.8 Continued

Fruit Mineral
K Ca Mg P Mn Cu Fe Zn Na Se
Pineapples, 109 13 12 8 0.927  0.110 0.29 0.12 1 0.1
raw, all
varieties
Plums, raw 157 6 16 0.052 0.057 0.7 0.10 0 0.0
Pomegranates, 259 3 3 8 = 0.070 0.30 0.12 3 0.6
raw
Raspberries, 151 25 22 29 0.670  0.090 0.69 0.42 1 0.2
raw
Strawberries, 153 16 13 24 0.386 0.048  0.41 0.14 1 0.4

raw

Watermelon 112 7 10 11 0.038 0.042 0.24 0.10 1 0.4

>

raw

US Department of Agriculture, 2008.

(Santa Catarina Prata, Musa sp. AAB) and Williams (Cavendish subgroup, Musa sp.
AAA) are considered as a good source of potassium. Nevertheless, Dwarf Brazilian
bananas have higher P, Ca, Mg, Mn and Zn contents than Williams bananas (Wall,
20006). In contrast, no strawberry variety was statistically superior as a source of min-
erals (Hakala et al., 2003).

Because of the distribution of vascular tissue, sink characteristics and metabolic
rates, higher mineral concentrations are usually found in the skin and seeds, with
lower concentrations in the flesh of fruits. Tissues with higher metabolic rates (epi-
carp, core) may have higher requirements for nitrogen and phosphorus. Rapidly
expanding or large-celled tissues are unlikely to have high calcium concentrations.
In mature fruit, the calcium concentration is highest in the peel (Saure, 2005).

Influence of preharvest factors and practices

Orchard location has proved to have important effects on fruit and vegetable min-
eral content (Table 5.8). For example, potassium content in bananas markedly dif-
fers between different locations in Hawaii, from 288 mg 100g~! in Kapaa to 485mg
100g™"! in Waimanalo (Wall, 2006). Papaya cv. Rainbow is not very rich in potas-
sium, but its content also varies between locations, from 113mg 100g™! on the
island of Hawaii to 203mg 100 g~ ! on the island of Maui (Wall, 2006).

Mineral composition fluctuates widely in raw fruits and vegetables, because of pre-
harvest factors (soil fertility — including pH and availability of nutrients — moisture
content of the soil, growth temperature) and cultural practices (amount and timing of
fertilization and irrigation, application of plant growth regulators, pruning and thin-
ning of tree fruit species, etc.). Most of these practices have been established prima-
rily for productivity goals, and not as a medium to better human health, horticultural
crop postharvest life or flavor quality (Crisosto and Mitchell, 2002). Usually, fertiliz-
ers are applied directly to the soil to raise nutrient levels, if they are inadequate for
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the successful growth of the crop, and to maintain soil fertility, which will decline
if nutrient removal from the soil (via crop uptake, leaching, volatilization or denitri-
fication) exceeds nutrients added via weathering of minerals and mineralization of
organic matter. Nitrogen is the most frequently deficient and most commonly applied
fertilizer in orchards, while addition to the soil of phosphorus and potassium is war-
ranted when soil-test results, plant response or tissue analysis indicate a requirement.
N-P-K addition with irrigation water (fertigation) has several advantages, including
the ability to transport soluble nutrients directly to the root zone whenever the plant is
watered. Thus, fertilizer amounts and timing can be precise and adjusted to coincide
more closely with actual plant demand. Calcium additions can be large when lime is
applied to increase soil pH. Most micronutrients are rarely applied via soil and can
be directly supplied via spray application of dilute concentrations of minerals to the
canopy. In the case of fruits, the quantity of nutrients capable of being absorbed
through the waxy cuticle is often small relative to nutrient demand, but can ameliorate
deficiency symptoms and improve fruit quality (Swietlik and Faust, 1984).

An excessive supply of nutrients relative to photosynthesis can develop when the
rate of nutrient assimilation is high relative to net photosynthesis. In this case, an
accumulation of nutrients in fruits and vegetables can reach levels that are toxic
either to the plant or to consumers. For example, excessive nitrogen application can
lead to potentially harmful accumulations of nitrate nitrogen, especially in leafy
greens and potatoes (Eppendorfer, 1978; Blom-Zandstra, 1989). These nutrient
imbalances also affect horticultural crop quality, as discussed above.

Many other factors influencing nutrient accumulation are related to nutrient
transport and source-sink relations. For example, alterations in water economy
affect calcium input. Since calcium is transported mainly in the transpiration stream
(Grange and Hand, 1987), bagging fruit may result in lower calcium concentrations
and higher calcium-related disorders (Witney et al., 1991; Hofman et al., 1997),
due to increased relative humidity. Nevertheless, evidence is not conclusive (Saure,
2005). Canopy position and crop load also influence calcium input. Tree vigor is usu-
ally associated with lower calcium and magnesium content in fruits (Witney et al.,
1990a,b). Fruit from upper parts of the canopy tend to show lower calcium contents
(Ferguson and Triggs, 1990), and heavy cropping trees have fruit with higher calcium
and lower potassium concentrations (Ferguson and Watkins, 1992). Nevertheless,
calcium transport to fruit may be based on a hormonal control; gibberellins have
been shown to inhibit calcium translocation (Saure, 2005).

Tree size, spacing, row orientation, canopy shape and training system influence
light distribution within fruit trees, which in turn may affect mineral composition. In
grapes, improvement of light penetration into the canopy enhanced anthocyanin and
soluble phenol levels, but reduced potassium content (Prange and DeEll, 1997). In
kiwifruit, light promoted calcium accumulation (Montanaro et al., 2006). The find-
ing was not fully explained by fruit transpiration, a regulatory mechanism governed
by phytohormones, which could play a role in determining calcium concentrations.
Besides, the effect of sunlight does not seem to be universal: avocado fruit from the
sunny side of trees did not contain significantly more calcium than fruit from the
shaded side (Witney et al., 1990a).
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The mineral content of some horticultural species seems to be affected under
intensive culture systems (e.g. glasshouse) or organic conditions. Tomato fruit
showed higher calcium and lower potassium, magnesium and sodium concentrations
when grown on organic (compost/soil mix) versus hydroponic substrates (Premuzic
et al., 1998). Smith (1993) reported higher mineral contents in organically cultivated
apples, pears, potatoes and corn in comparison to conventionally cultivated ones. In
contrast, Petersen and Pedersen (1991) did not find differences in mineral content
between organically and conventionally cultivated vegetables. Hakala and co-workers
(2003) reported that organic cultivation did not affect strawberry mineral contents
consistently.

Postharvest practices influencing mineral content of fruits and vegetables
Postharvest treatments with minerals, primarily calcium, are used to improve the
storage life and quality of different fruits and vegetables. In the last decade, the
industry has been encouraged to fortify food and beverages with calcium. Increasing
the calcium content of horticultural crops may give consumers new ways to enhance
their calcium intake without resorting to supplements. In addition, the use of phos-
phorous-free sources of calcium can help to obtain a good balance of calcium and
phosphorus in the diet (Martin-Diana et al., 2007).

Two major methods of postharvest application of calcium in horticultural crops
are used: (1) dipping-washing and (2) impregnation processes (Martin-Diana et al.,
2007). Dipping treatments are used for fresh, sensitive products, such as leafy vege-
tables. The delicate texture of berries prevents the use of vacuum infiltration, and
dips in a solution of CaCl, are used (Garcia et al., 1996), followed by the removal
of excess washing solution. On the other hand, impregnation modifies the composi-
tion of food material through partial water removal and impregnation of solutes, with
no impairment of the material integrity. The process-driven forces can be osmotic
gradient between the sample and solution, application of vacuum followed by atmos-
pheric condition restoration, or both. Calcium chloride has been widely used as firm-
ing agent and preservative for both whole and fresh-cut fruits and vegetables, as
discussed above.

C. Effect of minerals on fruit and vegetable quality
and consumer acceptance

Consumers buy certain items as good sources of specific minerals: potatoes and
sweet potatoes for potassium, bananas for magnesium and potassium, spinach for
iron, potassium, magnesium and as a non-dairy source of calcium. Mineral con-
tent of products is usually determined by ashing and atomic absorption (Pomeranz
and Meloan, 1987). Without advanced analytical equipment, the consumer cannot
detect differences in individual products at the point of purchase (Institute of Food
Technologists, 1990). These attributes are considered credence attributes (see also
Chapter 3), because they cannot be detected readily either by visual inspection or by
consumption. Therefore, there is little or no incentive to measure mineral content in
a quality control program, unless specific nutritional claims can be made.
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Nevertheless, the consumer uses other criteria to judge quality. Quality attributes
(see Chapter 3) include purchase attributes (i.e. size, color, firmness to the touch,
aroma and absence of defects) and consumption attributes (i.e. flavor, mouth feel).
Many of these quality characteristics are also affected by the mineral content and
constitute part of a wider range of factors affecting fruit and vegetable acceptability.
Acceptability, which is defined as “the level of continued purchase or consumption by
a specific population” (Land, 1988), determines the consumption levels of many hid-
den essential nutrients: vitamins, antioxidants, fiber. Thus, the effect of minerals on
horticultural crop quality attributes and consumer acceptance should be considered.

Effect of minerals on color

In apples and pears, both leaf and fruit nitrogen positively correlates with fruit green
background color (Raese, 1977; Marsh et al., 1996), regardless of the rootstock used
(Fallahi et al., 1985). Manganese has also been associated with green ground color
in apples (Deckers et al., 1997). Excessive nitrogen application inhibits background
color change from green to yellow and induces deficient reddish blush development
and poor edible quality of peaches (Sistrunk, 1985; Crisosto et al., 1995; Crisosto et al.,
1997). High nitrogen application also decreases fruit color in grapes (Kliewer, 1977).
In Citrus, nitrogen is associated with an undesirable retardation of endogenous chloro-
phyll catabolism (Koo et al., 1974) and postharvest treatments with ethylene may be
required to accelerate the loss of the green color (de-greening).

In apples, amelioration of potassium deficiencies can increase red fruit color, but
such an effect is often not apparent when tree potassium status is adequate (Neilsen
and Neilsen, 2003). In tomatoes, potassium deficiency is associated with lower levels
of lycopene and higher levels of 3-carotene (Trudel and Ozbun, 1971).

Effect of minerals on flavor

Nitrogen status negatively correlates with soluble solids, both in apples (Fallahi
et al., 1985; Dris et al., 1999) and in pears (Raese, 1977). In contrast, soluble solid
content increases with increasing fertilizer nitrogen levels in tomatoes (Barringer
etal., 1999).

Apple calcium and phosphorus were both negatively correlated with fruit soluble
solids at harvest, and after six months of 0°C storage, while fruit K/Ca ratio was
positively correlated with titratable acidity (Fallahi et al., 1985). In mango, total
soluble solids increased when zinc sulfate fertilizer was applied to the soil (Bahadur
et al., 1998).

In “Fino 49” lemons, salinity reduces juice percentage and impairs juice quality by
decreasing the total soluble solids and titratable acidity (Garcia-Sanchez et al., 2003).
Reduction of titratable acidity could be due to the greater accumulation of CI™,
compared to Na*, which could be compensated for by the degradation of organic
acids for charge balance.

Minerals are also known to affect the production of several classes of volatile com-
pounds in pome fruit (reviewed in Mattheis and Fellman, 1999). In fresh onions, increased
sulfur availability enhances pungency and total sulfur flavor, but decreases the amounts of
precursors for volatiles imparting “‘green” and “cabbage” notes (Randle, 1997).
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Effect of minerals on firmness

Excess nitrogen fertilization can result in a decrease in firmness (Reeve, 1970;
Prange and DeEll, 1997). Low phosphorus may also result in a loss of firmness in
low-calcium content fruit (Sharples, 1980). The relationship between calcium and
fruit firmness has been extensively studied and reviewed (Ferguson, 1984; Poovaiah
et al., 1988; Harker et al., 1997; Sams, 1999). Higher firmness values and/or slower
softening rates after harvest/storage have been associated with higher calcium con-
centrations, or with calcium applications in different fruit species, such as apples
and pears (Fallahi et al., 1985; Raese and Drake, 1993, 2000a,b, 2002; Gerasopoulos
and Richardson, 1999; Benavides et al., 2001); kiwifruit (Hopkirk et al., 1990;
Gerasopoulos and Drogoudi, 2005); and strawberries (Chéour et al., 1990). Calcium
foliar sprays on peaches and nectarines lead to a slight increase of calcium con-
tent (Manganaris et al., 2005a, 2006). Under Californian conditions, no consistent
effect on fruit quality of mid- or late-season peach and nectarine varieties was found
(reviewed in Crisosto et al., 1997).

Postharvest calcium treatments have been reported to retain fruit firmness in dif-
ferent horticultural products, among them, apples (Wang et al., 1993; Conway et al.,
1994), peaches (Manganaris et al., 2005b, 2007), strawberries (Morris
et al., 1985; Garcia et al., 1996), lemons (Valero et al., 1998; Martinez-Romero
et al., 1999), sliced pears and strawberries (Rosen and Kader, 1989). Calcium effects
on fruit firmness are attributable to calcium’s ability to cross-link with the pec-
tic polysaccharide network by ionic association. Calcium binding may reduce the
accessibility of cell wall degrading enzymes to their substrates.

Effect of minerals on rots, physiological disorders and nutritional value

In calcium-treated fruit, the association between firmness retention and reduced rot
incidence suggests that calcium may affect both processes simultaneously through
its cellular role in strengthening plant cell walls (Garcia et al., 1996; Fallahi et al.,
1997; Conway et al., 1999). On the other hand, high nitrogen fertilization increases
susceptibility to decay caused by Monilinia fructicola (brown rot) in nectarines
(Daane et al., 1995). Wounded and brown rot inoculated Fantasia and Flavortop
nectarines from trees having more than 2.6% leaf nitrogen are more susceptible to
Monilinia fructicola than fruit from trees with 2.6% or less leaf nitrogen (Michailides
etal., 1993).

Consumers consider that fruits have less predictable eating quality than manu-
factured snacks. In fact, the effect of nutrients on the final quality of horticul-
tural products may not become evident until harvest, distribution or consumption.
The expression “latent damage” was coined by Peleg (1985) and later defined by
Shewfelt (1986) as “damage incurred at one step but not apparent until a later step”
to describe the result of non-visible quality loss. Physiological disorders may be a
type of latent damage. Some physiological disorders relate to the imbalance between
nutrients. Calcium is the nutrient most commonly associated with postharvest disor-
ders. A calcium-deficient status is considered an important preharvest factor related
to numerous physiological disorders of fruits and vegetables, such as bitter pit in
pome fruit, blossom-end rot in tomato, blackheart in celery, cracking and cavity spot
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in carrot and tip burn in lettuce and cabbage (reviewed in Ferguson et al., 1999),
although some authors have questioned the role of calcium in these disorders (Saure,
1998, 2001). Other calcium-related disorders are associated with long-term cold
storage, such as chilling injury in muskmelon (Combrink et al., 1995) and avocado
(Chaplin and Scott, 1980). Postharvest calcium applications limited the incidence of
chilling injury in peach fruit, expressed as flesh browning, after four weeks cold stor-
age at 5°C (Manganaris et al., 2007). Nevertheless, preharvest calcium applications
showed no effect on the onset of chilling injury in peaches and nectarines (reviewed
in Lurie and Crisosto, 2005).

Magnesium and potassium have been considered as part of an index to predict bit-
ter pit (Bramlage et al., 1985; Autio et al., 1986). Fallahi and Righetti (1984) pro-
posed the relation between nitrogen and calcium as an important component of a
diagnosis and recommendation system (DRIS) for apple. High rates of nitrogen
application exacerbate the incidence of many physiological disorders, such as apricot
pit burn (Bussi and Amiot, 1998, 2003).

In addition, minerals can influence the concentrations of other nutrients in horti-
cultural crops. Nitrogen fertilizers at high rates tend to decrease the concentration
of vitamin C in fruits (citrus juices) and vegetables (potatoes, cauliflower, white
cabbage, crisphead lettuce, etc.) while increased potassium fertilization increases
ascorbic acid content (reviewed in Lee and Kader, 2000).
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. Introduction

A. Firms, competitiveness and supply chains

The traditional economic view is that a firm’s competitiveness is determined by how
efficiently and effectively its management is able to organize the firm’s internal proc-
esses, structures, resources and people so as to maximize profits. This allows firms
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Figure 6.1 Simplified supply chain showing flow of product from input suppliers to consumers.

to compete against each other for a share of a particular market or market segment,
based on their ability to keep prices low and/or to differentiate their product from
competitors’ products (Williamson, 1971; Porter, 1980; Wernerfelt, 1984).

To some extent this model still applies. Firms do have to be price competitive and
firms do have to differentiate their products and services from those of their com-
petitors. However, over the last 20 years the traditional view of how firms become
and remain competitive has been challenged by an alternative view that sees a firm
as part of a chain that links the production of goods and services with the consumers
of those goods and services, a chain referred to as the supply chain (Figure 6.1).

In this alternative view, the competitiveness of a firm is influenced by how it inter-
acts with other firms in the supply chains to which it belongs. As van Roekel (in
Gifford et al., 1998, p. 4) pointed out:

“it is becoming increasingly evident that achievement of the desired market
position cannot be achieved solely through the company’s own efforts. Because
each company is just one link in the production chain, with upstream and down-
stream links, it has to cooperate. The more effectively it does this, the stronger
its competitive position in the market.”

Van Roekel’s statement captures the essence of this alternative view of competitive-
ness, that cooperation among firms in a supply chain can positively improve their
competitiveness. This view is in sharp contrast to the idea of a competitive firm
being independent, and internally efficient and effective.

Among traditionally competitive firms, linkages in supply chains are usually at
arms length and adversarial. Typically, firms attempt to buy inputs at the cheapest
possible price from their suppliers, and sell outputs at the highest possible price to
their customers. These transactions are at the expense of the buyers or suppliers in
the chain, i.e. actions between chain members are self-optimizing, and tend to shift
costs to other firms in the chain and ultimately to the consumer. Many authors have
pointed out the shortcomings of this way of operating, most noting that it does not
necessarily improve the efficiency of the chain, does not lead to the best prices for
consumers, and does not make the individual firms more competitive (Bowersox,
1990; Mentzer et al., 2001). Under adversarial conditions, independent, efficient
firms do not lead to the most efficient supply chains.

B. Supply chain management

When firms belonging to a supply chain work together to address inter-firm efficien-
cies and take more notice of what consumers want, a different picture of competitive-
ness emerges. Here, there is an opportunity for collaboration to replace adversarial
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behavior, and for the focus to move away from price and onto customers’ needs. This
business model, called supply chain management (SCM), is built on the proposition
that there are gains from cooperation and coordination between firms in a supply
chain that are simply not available to firms operating independently of each other.
Thus, a firm’s ability to collaborate becomes intimately linked with its ability to
compete, a proposition that is well-supported in the literature (O’Keeffe, 1998; van
Roekel et al., 2002; Gunasekaran et al., 2001; Halldorsson et al., 2007).

It has been suggested that the practices of SCM have existed for hundreds of years
(Hugos, 2000), but supply chain management as a modern business strategy has its
origins in manufacturing industries in the 1960s (Mentzer et al., 2001). More recently
it has taken hold in agri-food industries, including horticulture (Fearne and Hughes,
1999). Originally, SCM referred to approaches that ensured the logistical and distri-
butional efficiency of flows of materials along a supply chain (Cooper and Ellram,
1990). Over time however, the focus of SCM became less tactical and less focused
on achieving logistical efficiency alone. It evolved to encompass what Spekman et al.
(2002, p. 41) called a “competitive reality,” where “firms compete as constellations of
collaborating partners.” More than any other factor, this change in orientation away
from just the logistical aspects of the supply chain was driven by the increasing atten-
tion being paid to two factors:

o the importance of relationships in achieving inter-firm coordination; and
o the importance of identifying and satisfying the end consumer as the “target”
of the supply chain.

Today, a widely accepted view is that SCM is:

“an integrated approach that aims to satisfy the expectations of consumers
through continual improvement of processes and relationships that support the
efficient development and flow of products and services from the producer to
the consumer.”

(Gifford et al., 1997, p. 2)

The key elements of this definition are:

o the need for integration between firms;
o a focus on consumers;

o the importance of relationships;

o a whole-of-supply-chain perspective.

Integration of business systems and processes between firms is necessary to achieve
operational efficiencies, and to improve the flow and transparency of information
(Beers et al., 1998). A focus on consumers acknowledges the need for the supply
chain to have information about consumers’ needs and wants, including feedback as to
how these are being met. Effective relationships drive successful SCM, because they
are the antecedents of information exchange, conflict resolution and co-innovation
between supply chain partners (Morgan and Hunt, 1994). Finally, the view of the
supply chain as a dynamic, complex, system linking input suppliers and producers
through to consumers reinforces the idea that the whole is more than an aggregation
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of parts that can be improved independently of each other, and that performance of
the whole system fundamentally depends on the interactions among its parts (Jackson,
2003).

Il. Value chain management

In spite of what seems to be an all-embracing concept, SCM has been criticized
as being too supply-oriented, having an upstream focus and not attaching enough
importance to the role of consumers in the chain. For example, Mudimigh et al.
(2004, p. 309) argue that:

“SCM does not extend far enough to capture customers’ (end user) future needs
and how these get addressed and, furthermore, it does not encompass the post-
delivery, post-evaluation and relationship building aspects.”

These authors, and others, argue that a focus on value rather than supply is more
appropriate. As a result, the term value chain management (VCM) is frequently used
in preference to SCM (Martinez and Bititci, 2006), even though the terms are some-
times used interchangeably in the literature.

A. The concept of value

In the context of VCM, value is usually defined in terms of the customer (the next
firm downstream) or the consumer (the final purchaser of the finished goods).
Mudimigh et al. (2004, p. 311) list three themes that run through definitions of value:

1. customer value is linked to the use of a product or service;

2. value is perceived by the customer, not determined by the seller; and

3. customer value typically involves a trade-off between what the customer wants
and what must be given up in order to acquire and use a product or service.

Sources of value have been shown to lie in features of products and services, such
as price, convenience, appearance, nutrition, safety and reliability. Thus, the concept
of value is framed by the perspective of the user or consumer looking back to the
chain that produced and delivered the product or service. Having a focus on the con-
sumer as the ultimate “target” of the activities of a chain is a distinguishing feature
of VCM (Collins, 2006). Explanations of VCM, such as that given by the Agriculture
and Food Council of Alberta (2002, p. 3), highlight this orientation: “a value chain
begins and ends with the market. Interaction with the marketplace provides informa-
tion to decision makers for every link in the chain.”

B. Sources and drivers of value

In the context of food in general, and horticultural produce in particular, the sources and
drivers of value have some special features. Because food is “consumed,” attributes asso-
ciated with safety, nutrition, well-being, freshness and the overall sensory experience
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of food each play a role in determining how individual consumers attach value to the
product as part of their purchase decision-making. If these attributes are loosely bundled
together under the general banner of “quality” then, as Collins (2006) points out, it is the
interaction of price and quality that results in what buyers regard as “value for money.”
The challenge for the chain is, therefore, to understand and deliver this value in ways that
profitably meet consumers’ needs.

The ability of an agri-food chain to deliver consumer value is driven by a combi-
nation of its ability to be as efficient as possible, and its ability to innovate (Taylor,
2005). Lean manufacturing principles, originally devised by the Toyota Corporation
to reduce waste and maximize value-adding activities in car manufacturing, have
been adapted to value chains in the food industry (Simons et al., 2002). A lean agri-
food value chain achieves efficiency through operating with minimal waste and
clearly focusing on only undertaking those activities that are necessary and that add
value in the eyes of the consumer. Being lean however, does not necessarily mean
being innovative. Innovation occurs when a chain discovers and captures new sources
of value, either for the individual firms in the chain or for the consumer. New sources
of value are a critical source of competitive advantage in rapidly changing environ-
ments, such as the food sector. Firms seek these sources of value through process
innovation (new ways to manufacture products) or product innovation (new product
development), and in a value chain they may do so in association with a chain part-
ner. The process of pairs or groups of firms innovating with a common purpose is
referred to as co-innovation, and has been described as a powerful driver of value in
chains (Collins et al., 2002).

C. Value orientation in fresh produce chains

It has already been argued that the value chain needs to be viewed as a system. Food
value chains are systems driven by the interaction of their technical (production,
processing, transport, etc.), economic (profitability), information-related (communi-
cation) and governance (human relationships) subsystems. Evaluating their perform-
ance is, therefore, a multidisciplinary task that may combine measures drawn from
fields as diverse as engineering, biology, economics and psychology. A review of lit-
erature on the performance of food supply/value chains carried out by Collins (2006)
revealed the following indicators of performance:

. The balance of focus between price and value;

. The amount and type of information shared;

The time orientation of chain participants;

. The nature of the business-to-business relationships;

. The basis of the interactions between chain members;
. Dependence in the chain;

. Use of power in the chain;

. Orientation of chain members to self or chain.

0NV RA W~

Collins used each of these criteria to evaluate the performance of fresh produce
value chains (Table 6.1).
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Table 6.1 Fresh produce value chain orientation matrix

Evaluative criterion

Balance between
price and value

Amount and type
of information
shared

Time orientation

The nature of
relationships

Interactions
between chain
members

Dependence in the
chain

Power in the chain

Orientation of
chain members

Characteristics of chain activities

Least value orientation < — Greatest value orientation

Always price

No significant
information
shared

Short term,
transaction to
transaction

Adversarial

Transaction based

Independence

The individual has
the power

Always self
maximizing

Usually price

Little information
shared

Short term,
periodic

Occasionally
cooperative

Mostly transaction

based

Occasionally relies
on others

The individual has
the power

Self first, chain
second

Usually value

Some information
shared

Short to medium
term

Mostly cooperative

More relationship

based

Usually relies on
others

Some recognition
of the consumer

Chain first, self
second

Almost always
value

Extensive
information
shared

Medium to long
term

Collaborative

Always
relationship
based

Interdependence

The consumer
has the power

Always chain
optimizing

The balance of focus between price and value

On one end of the scale, the members of a fresh produce value chain may focus
entirely on price. The goal of buyers in the chain is always to achieve the lowest pos-
sible price. At the other end of the scale, chain members may focus entirely on value
creation through strategies such as product and process innovation, extensive market
research and the adoption of lean manufacturing principles.

The amount and type of information shared

In traditional, price-oriented chains, individual members can wield power by withhold-
ing critical information, such as price signals from buyers, or supply signals from pro-
viders. Such information is usually used as a bargaining tool to maximize returns to one
chain member at the expense of another but, as previously noted, this behavior does not
result in the greatest value being delivered to the consumer. In contrast, in value-based
chains it is regarded as important by chain members to share information freely, so that
the needs of chain participants can be fully understood and met, and so that signals
from the marketplace can be transmitted undistorted back down the chain to where they
are needed, so as to evaluate how well the chain is creating value for its consumers.

The time orientation

A short-term orientation does not allow chain members to properly understand each
other’s needs, or to build stronger relationships. Short-term thinking is associated
with a singular orientation to price rather than value.
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The nature of business-to-business relationships

Relationships may be adversarial, as in the case of bargaining to get the lowest price,
or collaborative, as in the case of trying to achieve a better understanding of chain
members’ needs. Value chains cannot deliver superior value to consumers in the
absence of collaborative relationships among chain members.

The basis of interactions between chain members

Interactions may be on a transaction-by-transaction basis, or on the basis of ongo-
ing relationships. Transaction-based interactions are typical where relationships are
adversarial and the focus is on price.

Dependence in the chain

Members of a chain may operate totally independently of each other, typically in a
price-based environment, or more interdependently, for example when collaborating
to establish and deliver value to consumers.

Use of power in the chain

Power in a chain may lie in the hands of some individuals. Alternatively, the chain as
a whole may acknowledge that the consumer exercises the ultimate power in the act
of making the decision to purchase or not to purchase, and that the chain as a com-
petitive unit can orientate itself towards meeting the needs of the consumer.

Orientation of chain members

Chain members may orient themselves towards maximizing gains for themselves, at
the expense of other chain members, or optimizing returns for the whole chain in
which they share.

Using the eight performance-related criteria, it is possible to map a range of char-
acteristics of a fresh produce chain’s orientation, activities, and behavior from the
least value-conscious to the most highly value oriented (Collins, 2006). Such a map-
ping exercise can identify the “value orientation” of a particular fresh produce chain,
as shown in the examples in Tables 6.2, 6.3 and 6.4.

Using this approach, it is possible to plot the value-orientation profile of tra-
ditional, price-based, adversarial chains where product flows through centralized
wholesale marketing channels. These types of chains are still common around the
world, especially in developing countries. Their typical profile is shown in Table 6.2.
Features of this profile are that chain members only cooperate when absolutely nec-
essary, meaning that very occasionally they have to rely on each other, but otherwise
the chain is driven by negotiations around price.

A second type of value profile is that of “category managed” chains. Category man-
agement firms are becoming more common, taking on the role of bridging between
suppliers and retailers, especially large supermarket operators. Upstream in the chain,
the category manager organizes and manages supply of product to clear specifications
that include parameters of quality, quantity, safety, delivery and price. Downstream
they manage supply of product to retailers, may plan marketing strategies with them, or
may undertake market research upon which to base these strategies. In fresh produce,
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Table 6.2 Traditional fresh produce chains

Evaluative criterion

Balance between
price and value

Amount and type
of information
shared

Time orientation

The nature of
relationships

Interactions
between chain
members

Dependence in the
chain

Power in the chain

Orientation of chain

members

Characteristics of chain activities

Least value orientation «—— Greatest value orientation

Almost always
price

No significant
information
shared

Short term,
transaction to
transaction

Adversarial

Transaction based

Independence

The individual has
the power

Always self
maximizing

Usually price

Little information
shared

Short term,
periodic

Occasionally
cooperative

Mostly transaction

based

Occasionally relies
on others

The individual has
the power

Self first, chain
second

Usually value

Some information
shared

Short to medium
term

Mostly cooperative

More relationship

based

Usually relies on
others

Some recognition
of the consumer

Chain first, self
second

Almost always
value

Extensive
information
shared

Medium to long
term

Collaborative

Always
relationship
based

Interdependence

The consumer
has the power

Always chain
optimizing

category managers typically ameliorate problems faced by retailers as a result of the
impacts of seasonality, environmental conditions and wholesale price fluctuations. They
are also increasingly involved in innovation related to new product development. They
achieve these outcomes through their relationships with both suppliers and retailers,
and their ability to focus the chain on reliably delivering value for money, as opposed
to price alone. Table 6.3 shows a typical value orientation profile for a “category man-
aged” fresh produce value chain.

There are very few examples of best practice value chain management in fresh
produce, but the trends are pointing in that direction. A small number of value chains
have gone beyond the profile of category managers shown in Table 6.3, and have
embraced a strategy of total focus on the consumer, absolute transparency of infor-
mation and full collaboration among chain members. Their typical profile is shown
in Table 6.4.

It is also possible to compare the performance of the three types of fresh produce
chains described above using criteria that are associated with competitiveness. These
criteria, shown in Table 6.5, focus on attributes such as agility (speed and flexibility),
the ability to innovate and not easily be copied by competitors, and the ability to
guarantee product integrity.

It is interesting to note from Table 6.5 that the overall competitiveness of each of
the three models can be high. At their best, each business model is capable of deliv-
ering high returns to the managers of the firms involved. But as the environment in
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Table 6.3 Contemporary, category-managed fresh produce value chain

Evaluative criterion

Balance between
price and value

Amount and type
of information
shared

Time orientation

The nature of
relationships

Interactions
between chain
members

Dependence in the
chain

Power in the chain

Orientation of
chain members

Characteristics of chain activities

Least value orientation <—— Greatest value orientation

Almost always price Usually price

No significant
information
shared

Short term,
transaction to
transaction

Adversarial

Transaction based

Independence

The individual has
the power

Always self
maximizing

Little information
shared

Short term,
periodic

Occasionally
cooperative

Mostly transaction

based

Occasionally relies
on others

The individual has
the power

Self first, chain
second

Usually value

Some information
shared

Short to medium
term

Mostly cooperative

More relationship
based

Usually relies on
others

Some recognition
of the consumer

Chain first, self
second

Table 6.4 Best current examples of fresh produce value chains

Almost always
value

Extensive
information
shared

Medium to long
term

Collaborative

Always
relationship
based

Interdependence

The consumer
has the power

Always chain
optimizing

Evaluative criterion

Balance between
price and value

Amount and type of
information shared

Time orientation

The nature of
relationships

Interactions between
chain members

Dependence in the
chain

Power in the chain

Orientation of chain
members

Characteristics of chain activities

Least value orientation < — Greatest value orientation

Almost always
price

No significant
information
shared

Short term,
transaction to
transaction

Adversarial

Transaction
based

Independence

The individual
has the power

Always self
maximizing

Usually price

Little information
shared

Short term,
periodic

Occasionally
cooperative

Mostly transaction
based

Occasionally relies
on others

The individual has
the power

Self first, chain
second

Usually value

Some information
shared

Short to medium
term

Mostly
cooperative

More relationship
based

Usually relies on
others

Some recognition
of the consumer

Chain first, self
second

Almost always
value

Extensive
information
shared

Medium to long
term

Collaborative

Always relationship
based

Interdependence

The consumer has
the power

Always chain
optimizing
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Table 6.5 Comparison of competitiveness performance of different types of chains

Traditional chain Category managed Best current
chain practice value chain
Speed of response High Medium Medium
Flexibility High High High
Innovation potential Low Medium High
Ease of copying by Easy Moderate Difficult
competitors

Traceability of product Low High High
Overall competitiveness Can be high Can be high Can be high

which fresh produce chains are operating continues to change, firms using traditional
adversarial business models will come under increasing pressure as they are forced
to compete with more closely aligned value chains whose primary focus is on meet-
ing consumers’ needs. This pressure will become particularly disabling for traditional
operators in fresh produce retail environments that demand a combination of innova-
tion, traceability, differentiation and responsiveness.

Ill. Value chain management and postharvest
systems

A. The changing environment of value chain management in the
food industry

To understand how VCM and postharvest horticulture are interrelated, it is neces-
sary first to examine the factors that have driven the adoption of more collaborative
whole-of-chain business models. Three broad forces are at work here, the forces of
globalization, technology and consumerism (Figure 6.2), and they are shaping the
macro environment, the competitive environment and the internal business environ-
ment of every horticultural firm.

Globalization

Over the last few decades the barriers to trade in food between most countries in
the world have gradually fallen away, spearheaded by the efforts of the World Trade
Organization (WTO) to achieve freer global trade. Under these initiatives, many gov-
ernments have agreed to reduce tariffs that had been used mainly to protect domestic
food producers. At the same time, new technologies for storage and transport have
allowed food products to access distant markets. The physical location of food pro-
duction and processing facilities is no longer a guarantee of market access, and it is
now possible for food companies to see the world as their marketplace, as they have
both the access and the technology to reach distant markets.
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Figure 6.2 Three forces of change impacting on business. Aapted from: Dunne, A., Collins, R. (2004).
The marketing of food and fibre products: evolution and revolution. In: Emerging Challenges for Farming
Systems, K. Rickert (ed.). Rural Industries Research and Development Corporation, Canberra, Australia,

pp. 39-52.

The opening up of trade has changed the face of global competition. No longer are
firms competing against other local firms for a share of their own domestic market.
Many are competing in distant markets against firms from other countries who are also
not local to that market, or they are competing in their own domestic markets against
firms from overseas. This global marketplace for food has, quite understandably,
attracted the biggest processors (e.g. Nestlé) and retailers (e.g. Wal-Mart) but small
firms have not been shut out. There are many examples of small food companies that
have identified profitable opportunities in distant markets. It has been shown that the
ability of a firm to profit from globalization of markets is not a function of its size, but
of how well the firm understands that it is the “total competitiveness along the value
chain which determines whether they can export successfully” (Instate, 2000, p. 3).

The opening of global markets has also resulted in increasing concentration of super-
market and food service operators. A small number of large food retailers have expanded
operations across the globe, and they have been especially active in countries where they
can introduce more highly-developed retail systems that streamline logistics and distribu-
tion, widen the choice of products to consumers, and provide new shopping experiences.
Firms such as Wal-Mart and Carrefour, for example, have been predicted as becoming
the major players in Asian retail markets by the end of this decade (IGD, 2002).

In extending their reach to new and distant markets, one of the biggest challenges
for global food retailers has been to take their supply chains with them, so that they
can guarantee a supply of products that reliably meet quality specifications at com-
petitive prices. What was already a complex, and at times difficult, process in their
own domestic markets becomes far more complex and difficult in markets that are
far away, and whose consumers are not as well understood. Retailers have realized
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that sourcing the right products, and having a supply chain that is capable of deliver-
ing those products often from one hemisphere to another, is a major challenge in the
global marketplace for food (see also Chapter 8).

Technological advances

It is not difficult to see how advances in science and technology have radically
shaped the food business environment at every stage, from production through to
processing, storage, transport and retail. Hewett (2006, p. 39) refers to genetic tech-
nology (see Chapter 21), nanotechnology and information technology as a “triad of
technologies driving change in supply chains worldwide.” These technologies have
spawned innovations in products (genetically modified products, bioactives), as well
as processes (radio frequency identification, irradiation, active packaging). At the
same time, the technology that allows firms to gather, store, manipulate and commu-
nicate information is developing exponentially.

In combination, technological advances of all kinds have opened up new possibili-
ties for firms to deliver new food products more efficiently to more distant consum-
ers, and to send and receive information in real-time along the complete chain from
production to consumption. Not surprisingly, a food industry firm’s ability to capture
and use newly emerging technologies has been shown to be associated with its abil-
ity to compete (Collins, 2004; Hewett, 20006).

Consumerism: the power of consumers

Consumers have more power than ever before, and they are prepared to exercise that
power. As many more suppliers achieve the capacity to target many more markets,
some markets become “saturated,” giving retailers and consumers the ability to exert
considerable power in choosing between the many offers from would-be suppliers
(Gifford et al., 1998). The food industry is quoted as one example where markets are
saturated with product offers, and suppliers are having to become more sophisticated
in developing new products to attract and retain customers, a process that has been
described as “mass individualization” (Linnemann et al., 2006).

Broadly speaking, consumers of food products exert their influence in two differ-
ent ways. On the one hand, they influence the outputs of food production systems
(the kind of food produced), and on the other hand, they influence the systems them-
selves (how food is produced).

Food and lifestyle are inextricably linked. Consumers want food that is nutritious,
safe and healthy, but they also want it in a convenient form, they want variety and
new experiences, and they want to be able to find food that fits all these needs with-
out having to work too hard to find it (see Chapter 3). Milstein (2007) identified the
mega trends that consumers are responding to as including products and services
made “just for me,” a growing interest in health and well-being, and an increasing
belief that quality is better than quantity. Milstein also notes that debate will con-
tinue to revolve around issues such as obesity, nutrition labeling, absolute traceability
along the food chain, and the role of “authenticity” in food production. Consumers
are expressing a well-developed understanding of the relationships between food and
quality of life in their consumption habits and buying behavior.
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How food is produced is an increasing concern for consumers worldwide. Of par-
ticular interest is how food production systems affect the environment and here, too,
consumers are expressing their concerns through their purchasing decisions. This
has given rise to foods certified as being produced in environmentally responsible
ways, food that has been produced by systems with a low carbon footprint, or food
that has traveled a low number of “food miles.” Companies are responding to these
consumer-driven concerns by adopting more sustainable business practices, such as
sourcing products locally, using less water or power in production, producing less
waste, or reducing unnecessary packaging. In the developed world, every food com-
pany, whether they be farmers, packers, processors, transport operators or wholesal-
ers, could point to some part of its business that is a direct response to increasing
consumer concern for the impact of food production systems on the environment.

In an increasingly crowded global marketplace for food products, the ability of
firms to make profits by responding to what consumers need is related to their ability
to differentiate themselves from one another. Differentiation is virtually impossible
unless firms engage with the chains that create and deliver what consumers need.
In a global marketplace, independent firms, even with the world’s best new product
development ideas and technologies, simply cannot guarantee consumers that their
products are safe, healthy, environmentally responsible, available all-year-round and
represent value for money, unless they collaborate with the other firms that make up
the chain from production to consumption of those products.

B. Value chain management as a setting for postharvest
horticulture

VCM has been described as a business model in the previous section, and the chang-
ing environment in which it applies to food products has been examined. This pro-
vides the background for exploring how VCM and postharvest horticulture are
linked. In this section it is argued that postharvest practices are value-adding activi-
ties, and that VCM can enhance a firm’s ability to deliver postharvest outcomes and
outputs to those parts of the chain where they represent value. When another firm in
the chain, for example a retailer, recognizes the value created through postharvest
practices, incentive is created to continue these practices. Ultimately, consumer pur-
chase behavior determines financial returns from the value it creates, and the mem-
bers of the chain determine how those returns are shared.

Why horticultural firms become involved in value chain management
Boehlje et al. (1998) note that firms collaborate to form value chains for three
reasons:

o to be able to respond better to consumers;
o to improve efficiency; and
o to reduce risks.

As mentioned above, consumers are becoming more discerning about the food they con-
sume, and they tend to direct their business towards those chains that can anticipate and



120 Value Chain Management and Postharvest Handling: Partners in Competitiveness

service these needs. The value created through postharvest activities such as grading,
processing, packaging, storage and transport is targeted at meeting specific consumer
requirements. By meeting these requirements more precisely, reliably and economically,
more value can be created. When a chain of collaborating firms is able to create value in
this way, it not only strengthens the relationships among the collaborating firms, but it
also builds relationships between the chain and its consumers. This is VCM at work, and
chains of firms operating in this way become extremely difficult for competitors to emu-
late, because they have to compete against not only the technical value-creating abilities
of the chain, but also against the strength of the relationships that have been formed
through meeting consumers’ needs.

The second motivator behind value chain formation relates to efficiency. Chains
must deliver food products to particular specifications, including conformance with
mandatory requirements, such as food safety standards. Collaboration among firms
in a value chain not only ensures that specifications have been met at every point
in the chain, but also allows efficiencies and cost savings to be identified within
firms, as well as between firms. Examples include the ability to hold lower inventory
through made-to-order systems, sharing of infrastructure, such as storage and trans-
port between firms, integrating IT systems between firms, and the adoption of tech-
nologies and systems that are unavailable or uneconomic for single firms. The ability
to reduce costs through improved efficiency represents value created through collab-
oration. This value may be kept by the firm(s) responsible, or passed along the chain
so that it becomes value for other chain members, and ultimately the consumer.

Finally, firms form value chains to reduce risks. Individual firms can lower their
exposure to influences, such as the unavailability or rising price of inputs, the impact
of seasonal variation on product quality and availability, or the need to ensure that a
whole chain can guarantee food safety through the adoption of a certified food safety
management system. On their own, most firms would be far more exposed to these
risks, and could make few guarantees beyond their own boundaries.

All three examples demonstrate how postharvest systems and practices can create
value for collaborating firms along a chain. Put another way, those same posthar-
vest systems and practices, in the hands of independent horticultural firms aiming to
maximize their individual profitability are far less able to:

1. monitor, respond to and influence consumer needs;

2. ensure that product is delivered to the retailer as cost efficiently as possible;
and

3. guarantee the safety of the product delivered to consumers.

How horticultural firms become involved in value chain management

The most common pathway to VCM begins when two firms decide to collaborate,
and then based on positive results extend their reach to other chain members (Collins
and Dunne, 2002). A value chain is formed when firms involved in an alliance share
a common objective of targeting a specific market or market segment. The more suc-
cessful they are, the more difficult it becomes for competitors to copy their value
chain, as shown in the example below.
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An example (based on an actual case)

A large vegetable grower successfully negotiates with a processor to supply higher
quality inputs at a slightly higher price. Customers of the processor respond to the
higher quality output, and business expands until more inputs are required than can
be supplied by the original grower. With the support of the processor, the original
grower invites a small group of new growers to become high-quality suppliers to
the processor. These new growers are in different regions, and therefore can extend
supply over a much longer season. Growing across more regions also spreads
environmental risks. These growers are trained to meet the same higher stand-
ards, and they prove to be reliable and committed. Business continues to expand.
Now the supplier group investigates genetics as a source of even higher quality,
and they form an alliance with a supplier of superior genetics. The genetics sup-
plier sees enough business, and has enough trust, to give exclusive rights to the
grower alliance for certain of its seed products. The seed supplier’s company name
also appears on the packaged product that consumers buy. Business continues to
expand; retailers are happy with the results and ask for a wider range of products.
This represents an opportunity for both the growers and the processor to diversify
and spread their risks. Collaboratively, a small number of new products are identi-
fied for which high-quality genetics are available, that require only minimal invest-
ment in new processing and growing capacity. These products are also successful
and a small portfolio of products under a common brand becomes established. The
genetics—grower—processor value chain adopts a strategy of reinvesting a share of
each partner’s returns into consumer research. The objective is to stay in touch with
how consumers are responding to their products so the value chain can assist retail-
ers to promote and merchandise their brand. Over time, and based on consumer
feedback, the group is able to incorporate world class environmental standards into
its production and processing systems. At this point, with exclusive genetics, dedi-
cated and capable growers across a number of regions, an innovative processor and
satisfied retailers and consumers, the value chain has put itself in a position where
competitors were struggling to keep up.

It is important to note, from the example above, that it is not necessary for every
firm in a value chain to collaborate. Retailers and wholesalers, for example, may not
be directly involved, but may be willing to cooperate as customers of the main value
chain partners. In fact, in practice, it is rare to find a value chain that is able to achieve
high levels of collaboration and value creation that involve every member of the chain
(Bollen, 2004). What is always needed, however, is a chain champion who initiates
value chain formation, and oversees the early stages of formation. These principles, and
those illustrated in the example above, have been discussed by van Roekel et al. (2002).

In horticulture, as individual producers are relatively small in relation to their ability
to service a market segment, it is common for producers to form alliances among them-
selves, sometimes referred to as horizontal alliances (Agriculture and Food Council,
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2002). It is also common for horizontal alliances of producers to initiate the formation
of value chains in horticultural industries. Collins (2004) describes the type of activities
that firms become capable of once a successful alliance has been formed. They include:

e co-investing in research to better understand consumers’ needs;

o seeking to actively influence consumers;

o cexploring new products, technologies or markets; and

o providing proof of authenticity, such as country of origin or environmental
credentials.

These are the kinds of activities that confer competitive advantage on a whole value
chain, because each of them is difficult to achieve by individual producers or other
chain members acting alone.

C. Postharvest horticulture as a value creation domain

Defining the domain

Postharvest horticulture can be defined at various scales and in various ways. At its
widest scale it begins when the product is separated from the plant or growing medium
and ends with consumption by the final consumer. More narrowly, it might be defined
as extending from harvest up until the product is in the form in which it will be retailed.
By any definition, postharvest horticulture involves transformation of product from its
state at harvest into its ready-to-consume state. This may be a simple transformation,
e.g. for a fresh whole lettuce that will be retailed in that form within a few days, or a
complex transformation, e.g. for a potato processed into frozen French fries sold many
months later in another country. The chain along which the product flows may be very
short and involve none or few other firms, e.g. product sold at the farm gate, or it may
be long and involve many other firms, e.g. potatoes in the frozen French fries example
given above. Regardless of their scale or complexity, postharvest activities have two
features in common: they add value and they involve members of the supply chain.

The ways in which postharvest activities can involve other chain members have been
addressed earlier in this chapter. At sophisticated levels of involvement, these activities
are elements of a business model known as VCM. At minimal levels of involvement,
they may simply represent the various stages at which product changes hands from one
firm to another along a supply chain, for example from a grower to a packer, a packer to
a wholesaler, or a wholesaler to a retailer. This chapter concentrates on the higher levels
of involvement that are associated with VCM, because they have been shown to improve
the competitiveness of businesses at all stages of the horticultural supply chain.

Adding value through postharvest science and technology

Postharvest horticulture has been defined as having the potential to add value through
four interconnected areas of activity. They are food safety, traceability, information sys-
tems and consumer response to quality (Bollen, 2004). Each of these is discussed below.

Food safety

The need for food safety is beyond question (see also Chapters 10, 13 and 18).
Research has shown that general consumer confidence in the motives of food producers
and retailers has decreased (Frewer, 2003), fueled by publicity surrounding outbreaks
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such as BSE, bird flu and foot and mouth disease. While horticulture has not been sub-
ject to this same level of public concern about its systems and their outputs, there is still
enough publicity to keep food safety issues squarely in the minds of consumers, such
as reports of deaths from agricultural chemical contamination of vegetables in China.

Hurst (2004) reports that the incidence of human food-borne illnesses related to
horticultural produce is low, but increasing. He suggests that this may be because of
better microbial detection methods, increasing per capita consumption of fruit and
vegetables, global sourcing, and the evolution of more virulent strains of pathogens.
Hurst goes on to argue that every horticultural supply chain needs a food safety plan,
and in many countries this is a mandatory requirement.

Postharvest practices that ensure food safety add value through the confidence that
they instill in the consumer. When consumers believe that a horticultural product is
“risky” they engage in the following behaviors, all of which directly impact on the
profitability of the chains that delivered the product to the consumer (Frewer, 2003):

e they move to another product category, e.g. from fresh-cut product to fresh
product;

o they change to another brand or origin of the product, e.g. away from product
produced in a particular country;

o they move to another retailer or type of retailer, e.g. away from supermarkets or
away from local markets;

o they move towards product produced in a particular way, e.g. towards low
chemical usage produce; or

o they reduce consumption altogether, e.g. they stop consuming products in that
broad category.

In summary, one objective of postharvest horticulture is to create value, based on its
ability to ensure food safety. Ultimately this is achieved through building trust with
consumers that a particular product, brand, retailer and production method is safe,
time after time. From a technical point of view, food safety means avoiding micro-
biological contamination that exceeds defined limits. From a management point of
view, it means implementing and enforcing food safety standards and management
systems that deliver value 100% of the time. While individual firms can, and must,
carry responsibility for their part of the chain, integrated value chains can give much
higher level food safety assurances to consumers, because the whole chain is man-
aged as a system whose responsibility is to deliver food safety.

Traceability
Bollen (2004) lists four functions of traceability in a supply chain (see also Chapter
12). They are:

o so that product can be traced back as part of a food safety system;

o tracking ability of product from farm to market to give evidence of good agri-
cultural practice or good manufacturing practice;

o ability to trace and track shipments by air or sea, especially given current inter-
national security concerns; and

o the improvement of product segregation so that specific market segments may
be targeted.
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Each of these functions involves postharvest activities and technologies, and each
adds value for one or more members of a value chain. Because all of them rely on
documentation produced as part of a codified management system, it is therefore
impossible to achieve traceability without at least some cooperation from every chain
member. At one end of the spectrum is the minimum acceptable functional level of
traceability, or base-level traceability. At the other end of the spectrum, when chain
members make a collective decision to invest in traceability systems as part of a
VCM business strategy, very high levels of performance become possible. This may
be because of improved inventory management, higher levels of security, guaranteed
best practice, or more highly differentiated offers to consumers. In each of these cases,
postharvest systems and technologies have a critical role to play in adding value.

Information systems

The globalization of horticultural markets has brought with it a manifold increase
in logistical complexity. Because of the perishability of horticultural products, sup-
ply chains have time-critical dimensions, thus any improvements to the ability to
store and transport horticultural products have significant commercial value. At the
same time, the storage and transport of products is meaningless without informa-
tion exchange and the timing and quality of information exchanged often determines
the value that can be created by the storage and transport functions themselves. Poor
information exchange is directly linked with lower profitability in horticultural sup-
ply chains (Collins and Dunne, 2002).

Information systems may not always be thought of as part of the postharvest sys-
tem. However, without them the flow of product within and between firms is impos-
sible. Information is needed to capture the characteristics of the product, its location
in the value chain at any time, the state of the processes that transform the product,
and the value of the product at each stage of the chain. Postharvest activities not
only directly add value to the product along the chain, but they can also create the
information that is needed to inform decisions about the product as it flows along
the chain. The integration of postharvest technologies with information management
systems has received relatively little research attention. However, in the VCM busi-
ness model, the value added by improved postharvest technologies is only translated
into profits when information about that value is communicated to those to whom it
is commercially significant. Bollen (2004, p. 48) has suggested that information sys-
tems are “the major opportunity for the logistics supply chain to progress to become
a value chain.”

Consumers and quality

The role of postharvest research and development in ensuring that consumers get
the quality they demand has been the central orientation of the discipline. A review
by the author of 180 published papers in the field of postharvest science since 2003
revealed 155 that made direct reference to consumer satisfaction or meeting the
needs of markets as the rationale for the research. The significance of this orientation
is captured by Shewfelt (2006, p. 31) in stating “the success or failure of any food is
determined by the consumer.”
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In defining quality using simple and practical terms, Prussia (2004) defined low
quality as not meeting consumer expectations; acceptable quality as satisfying con-
sumer expectations; and high quality as exceeding consumer expectations. This defi-
nition is consistent with Shewfelt’s (2006) view of the primacy of the consumer in
determining what constitutes quality. Prussia (2004) also separated purchase quality
from consumption quality. Purchase quality related to those attributes that could be
assessed at the time of purchase, such as size, color, blemish, firmness and aroma.
Consumption quality related to attributes that could only be assessed destructively,
such as flavor, texture, flesh color, juiciness and mouth-feel.

Understanding what constitutes quality for a product, and being able to deliver that
quality, is the main business of a horticultural value chain. The capacity to deliver
purchase quality attracts consumers to make purchases, but being able to deliver con-
sumption quality drives repeat purchases and builds consumer loyalty — and these are
the drivers of sustained profitability for a value chain.

While some quality attributes are determined preharvest, many are determined
after harvest. For fresh produce, ripening and storage conditions after harvest, for
example, have direct effects on quality attributes such as flavor, texture, color, blem-
ish and perceptions of freshness. For processed horticultural products, every aspect
of the postharvest system creates value in the finished product, for example by
grading, slicing, mixing ingredients, sanitation treatments, packaging and labeling.
Collectively, these activities create value through flavor, color and texture profiles,
portion or pack size, and attractiveness for the consumer.

The goal of VCM is to deliver value to consumers at an acceptable price, i.e. to
deliver value for money. Quality, as perceived by the consumer, is central in deter-
mining what represents value for money. The orientation of postharvest R&D towards
quality for the consumer is in fact an orientation towards value creation, which is the
basis of VCM.

IV. The future

The future for VCM and its interaction with postharvest horticultural systems will be
shaped by the three forces of change discussed earlier: globalization, technology and
consumerism.

Globalization will continue to give access to new markets, and will bring more
competition to domestic markets. Both large players and small will stand to benefit,
but whatever the scale, the ability to capture new markets will be determined by the
quality of the whole value chain, not the quality of any individual firm. At the same
time, food security will be a counterbalancing force. Nations will not want to become
wholly reliant on imported foods, and local production to ensure food security will
be a strategic issue for some nations. Horticultural industries will figure prominently
in these strategies for their ability to produce large volumes of fresh, nutritious food
quickly and flexibly to local communities.

Advances in postharvest technologies will be used to create new food products,
new processes and new ways of managing information. Only those that represent
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value, either to members of value chains or to consumers, will survive. New tech-
nologies associated with the intersection of food, health and well-being will be espe-
cially valued, as will those that help to ensure the security of supply chains.

Consumers in the future will be even more discerning than they are now. The abil-
ity to anticipate, understand and influence consumers will confer competitive advan-
tage on value chains, the members of which will invest more and more in consumer
research. Shewfelt and Henderson (2003) list six consumer trends related to horticul-
tural produce relevant to this chapter. They are:

1. More emphasis on quality: fruits and vegetables will become more of a high
value specialty item; safety may be associated with total absence of pesticides;

2. More emphasis on local production: more incentive to produce horticultural
food locally to avoid dependence on imported produce;

3. Less emphasis on shelf life and more emphasis on consumption quality: long
shelf life will be considered a negative attribute; a true appreciation of flavor
will supersede the importance of purchase quality attributes such as size and
color;

4. Less concern about price and more emphasis on value: consumers will pay
higher prices for fruit and vegetables as a specialty item; consumers will be
less forgiving for unreliability of quality and will demand more information;

5. More emphasis on technological solutions: campaigns against technologies
such as irradiation and genetic modification will be less effective; technologies
that can deliver consumption quality, especially those that maximize flavor, will
be accepted;

6. More emphasis on sustainable production: governments will require account-
ing for environmental impacts; inputs such as power and water will become
more expensive; higher costs will be passed on to the consumer.

Broadly speaking, the forces of globalization, changing technology and consum-
erism will exert their influence on postharvest horticulture in two ways. They will
define what constitutes consumer value; and they will, therefore, influence R&D pri-
orities in the domain of postharvest R&D. Perhaps most importantly, more firms will
adopt VCM strategies that are based on delivering value to consumers based on these
R&D outputs.

Key words
Supply chain management, value chain management, competitiveness, postharvest
horticulture, collaboration, value.
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. A functional evaluation of business models of
fresh produce in the United States

A functional approach to a supply chain identifies the activities or actions that are
carried out at each stage. Some firms could decide to incorporate some or all of the
functions. Other firms may specialize in just one, and coordinate with other mem-
bers of the chain through various agreements. Marketing in the food system has at
least three broad categories (physical functions, exchange functions, and facilitating
functions) each with three or four sub-functions (Table 7.1).

Il. Physical functions

Physical functions include those activities that alter the form or place utility of pro-
duce. Form utility refers to the appearance the produce will have. Manufacturing,
processing, and packaging create additional value for the consumer that prefers the
product in an altered state. Place utility refers to the time and location at which the
produce is consumed. Some degree of physical transportation and storage is used in
selling fresh produce.

A. Manufacturing, processing and packaging

One way that firms can add value in the supply chain is to identify how consumers
will use the product. Firms can then modify the product in such a way that will make

Table 7.1 Functions in the food marketing system

Functions Sub-functions

Physical function e Manufacturing, processing, and packaging
e Transportation
® Storage

Exchange function e Buying and selling

e Price determination

Risk bearing

Facilitating function Standardization, grading
Financing
Market intelligence

Communication, advertising, promotion, public relation

Source: Kohls, R.L., Uhl, J.N. (1998); Schaffner, D.J., Schroder, W.R., Earle, M.D. (1998).
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its use more convenient. For example, firms sell heads of lettuce, but also began sell-
ing packaged, pre-cut bags of lettuce (form utility). Thus, firms that are able to rinse,
cut and package salads save a consumer time, have been rewarded for adding that
value in terms of market share and/or price premiums. Several types of processing
and packaging occur in the produce supply chain including canned fruits, individ-
ual serving-sized packaged fruit salads, frozen fruits, fruit juices, and dried fruits.
It should be noted however, that fresh produce has often been offered with minimal
amounts of processing and packaging, either through farmers’ markets or even in
grocery retail. Providing fresh orange slices for athletes competing in a triathlon is
an example of place utility.

For a given geographic area, crops typically mature at the same time, leading to
peak demands for handling and processing at harvest time. These spikes in demand for
processing create the need for large-scale processing facilities and/or well-coordinated
delivery of harvested products to processing facilities. Unfortunately, large-scale
processing facilities require large amounts of financial capital that is idle for much
of the rest of the year. In the absence of well-coordinated delivery, every grower also
has an incentive to be the first to market, and seeks to pre-empt other producers.
Hence, processors have incentives to smooth out supplies that avoid dumping too
much product on the market during the harvest season, and a need to carry supplies
past the harvest season to help pay for storage and plant facilities (see Chapter 1).
Growers generally do not have storage capabilities, and therefore want to move their
product quickly, leading to excess supply. Market alliances and contracts have been
used successfully to address these coordination challenges.

One interesting example of a successful marketing alliance is the Pink Lady™
apple. Pink Lady™ is grown under a strictly controlled license, and marketed through
a limited number of resellers to the supermarkets. The purpose of this arrangement is
to keep quality and prices high, portraying a premium product. In order to maintain
the differentiated appeal of Pink Lady™, about 65% of the production which does
not meet the standards required for Pink Lady™ is sold as Cripps Pink instead. The
main difference between Pink Lady™ and Cripps Pink is the color intensity and the
sugar/acid balance. Pink Lady™ apples are targeted towards young women, and have
been cross-marketed with Barbie dolls. Pink Lady™ even has its own website, www.
pinkladyapples.co.uk (Orange Pippin, 2008).

Another example of producers working together to offset the effects of selling per-
ishable products during harvest is in the potato industry in the northern half of the
US. It is quite common for small potato producers to sell their crop through packing
sheds which store the fall harvest, and pack to order as needed from October until
June. These smaller growers tend to have little if any storage or ability to access the
large regional grocery and food service buyers. These packing sheds often use pool
pricing, where the high and the low prices of the marketing season are distributed
across all growers in the pool. Pooling helps all growers in the pool reap the bene-
fits of the high-priced markets, and affords some protection when prices are lower.
Without pooling, individual growers would want the packing sheds to sell their pota-
toes first during the high markets, but not all the product in storage can be sold at the
same time or the market would be flooded and all producers would receive a lower
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price. Packing sheds, through economies of scale and scope, are able to invest in
storage, packaging and marketing facilities that individual producers could not afford.

Processors such as Frito Lay have long ago moved processing facilities away from
the production areas, and moved them nearer to metropolitan areas. It is considerably
less expensive to ship bulk potatoes than it is to ship potato chips. This movement
has also changed the way Frito Lay purchases their raw potatoes. Fifteen years ago,
it would not be uncommon for Frito Lay to contract with 20—30 producers in a given
production area. Today, Frito Lay uses one or two large potato producer/shippers
that have the responsibility of ensuring the quality standards and product availability
needed to keep these plants running as efficiently as possible. These preferred sup-
pliers will sub-contract with other local producers, but Frito Lay only deals directly
with the preferred suppliers.

B. Transportation

An important part of produce marketing is transportation. This is particularly impor-
tant because consumers now demand access to their favorite fruits and vegetables
year-round, in spite of a local climate that might not permit year-round produc-
tion (Govindasamy and Thornsbury, 2006; Agricultural and Resource Economics
Department, 2007). In an effort to satisfy year-round consumer demand, grocery
retailers source produce globally. As a result, produce is often transported northward
during winter months, sometimes crossing international borders. Transportation can
occur by semi-trailer, rail, boat and even air. The perishable nature of fresh produce
requires controlled-climate environments (see also Chapter 19), which add additional
costs related to cooling. “U-pick” operations, that allow consumers to pick produce
out of the field or orchard, move the transportation function to the consumer, while
large grocery chains might pay for fresh produce to be transported from nearly
half-way around the globe.

In the US, California, Florida and Texas are the major production areas for many
types of fruits and vegetables. The comparative advantage for these areas is based,
in part, on climatic and topographical conditions. Major production areas that are
located in California, Florida and Texas result in the need for transport across vast
distances. During the peak produce shipping months of summer in California, the
demand for semi-trailers often exceeds supply, significantly driving up the cost of
shipping produce. It is no surprise that the cost of produce will continue to rise given
the distances shipped, increasing demand and increasing energy costs. Diesel prices
are expected to average about $3.62 per gallon in 2008, with higher prices predicted
for the future (Energy Information Administration, 2008). These rising energy costs
will continue to impact consumer prices for food, including produce.

An emerging issue related to transportation is the notion of food miles. “Food
miles” is a term coined in the 1990s by Dr Tim Lang, professor of food policy at
London’s City University. Measuring food miles is an attempt to quantify the impact
that food has on the environment. Initially, food miles took into account the distance
food travels from field to fork, but it has been expanded to include the environmental
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impacts of growing, shipping, processing and transportation. For countries like the
United Kingdom, half the vegetables and 95% of the fruit eaten are imported, result-
ing in significant food miles. Retailers, such as Tesco and Marks & Spencer, have
begun labeling food that is flown in with stickers depicting airplanes (Stacey, 2008).

Increasing energy prices and global warming concerns will continue to fuel the
food miles discussion. Food miles are just one of the many factors that produce sup-
ply chains must contend with. Even in Europe, where the food miles discussion is
the most developed, UK retailers are being urged by the British government not to
make food miles the only reason for choosing food suppliers. Retailers are encour-
aged to ignore food miles when it comes to supporting farmers in the developing
world (Patton, 2008).

C. Storage

Storage of fresh produce is difficult, because the product is highly perishable.
Therefore, the supply chain requires several climate-controlled environments for
storage (see also Chapter 19). Investments in cold storage facilities are quite expen-
sive, and require substantial outlays for energy to cool the environment.

Common types of storage for produce include cold storage and controlled-
atmosphere storage. Cold storage generally refers to a refrigerated storage space
that maintains temperatures under 45°F (7° C). These temperatures slow the rate of
decay, and prolong the shelf life of produce. Selected produce, such as potatoes and
bananas, require slightly warmer temperatures during the final stages of storage for
optimal consumer acceptance. For example, russet potatoes are harvested between
September and October in northern states, such as Idaho and Wisconsin, and then
placed into large cold storage warehouses with holding temperatures around 40°F
(4°C). These potatoes can maintain their quality in storage until June (i.e. up to
seven months). When it is time to pack the potatoes for human consumption they are
gradually warmed to a temperature between 50°F and 65°F (10°C and 18°C).

Controlled-atmosphere (CA) storage is accomplished by keeping the level of oxy-
gen at about 5%, and carbon dioxide at 1% to 3%, while temperature is held at a
level best suited to the particular fruit. CA storage is common today for apples and
pears, and is being adapted to other fruits. Controlled atmosphere and refrigeration,
in conjunction with the removal of ethylene gas (which emanates from fruits and
speeds ripening) helps slow the ripening process considerably. Golden Delicious
apples and some pears are shipped in polyethylene containers in which a desirable,
modified atmosphere is created by the respiration of the fruit (Fruit Farming, 2008).

The length of time produce is stored varies by produce variety and seasonal
demand as indicated earlier. Strawberries, for example, are highly perishable and
can only be stored for short periods of time (e.g. days) while other produce, such as
onions and potatoes, can be stored for months under the proper conditions. The abil-
ity to store selected produce allows producers to avoid some of the price risk associ-
ated with increased supplies at harvest time and to take advantage later of shorter
supplies in the months after harvest in their growing region, before the next harvest
season in a competing growing region.
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So far, the discussion of storage has been limited to the packer—shipper. Storage
at various intermittent points in the produce cold chain is extremely important. For
example, head lettuce storage occurs within a matter of hours after harvest, with
hydro-cooling to remove the “field heat” from the heads of lettuce. Lettuce is placed
in cold storage until it is ready to be shipped. The storage length is usually a matter
of hours, but may take as long as a few days. If the lettuce is to be shipped to the
east coast of the US, it will spend an average of three to four days in a refrigerated
semi-trailer or seven days in a refrigerated rail car. Once the lettuce arrives at the dis-
tributor, in this case a grocery retailer, it will be transferred to the retailer’s produce
distribution warehouse, where it is likely to spend on average another one to two days
before being shipped to a grocery store. At the grocery store, the lettuce is unloaded
from refrigerated trailers into refrigerated rooms, and then placed into refrigerated
produce cases in the store. The lettuce may only stay in the display case for a few
hours before being purchased by the consumer. The storage cool chain ends when
consumer places the lettuce in a household refrigerator until it is consumed. This is
usually within one to seven days for most consumers.

lll. Exchange functions

Exchange functions are activities related to the possession utility of a product.
Individuals or firms with knowledge of buyers and sellers can facilitate exchange
between these two groups. Buyers and sellers must agree on setting a price for the
product and ownership transfer. As supply and demand fluctuates and the governing
rules change, so too do prices. Fluctuation risks are borne by the owner. Therefore,
one of the key functions in a food supply chain is the ability to bear the risk associ-
ated with these changes.

A. Buying and selling

Many opportunities exist for the ownership of fresh produce to change in getting the
product from the producer to the final consumer. Brokers and agents, assemblers, proc-
essors, wholesalers and retailers may all take possession of produce under certain cir-
cumstances. Alternatively, a farmers’ market may bring together buyers and sellers, and
serve as the facilitating agent without ever taking possession of the produce. Often, a
broker or agent will only take possession of produce if an arbitrage opportunity exists.
That is, there is a profit opportunity by moving plentiful goods at low prices to plenti-
ful demand areas at higher prices. There are at least four key outlets available to the
final consumer: grocery retail, farmers’ markets, restaurants and other food service
providers. Each of these outlets presents a different experience for the consumer.

B. Price determination

Price is determined by negotiation between a buyer and seller. A seller at a farmers’
market might even enter into bartering with buyers to determine the price charged.
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Alternatively, a farmer might negotiate a contract that sets a price for a specified
quantity and/or length of time a given price will remain constant (e.g. one year).
Often in grocery retail, the grocer sets a non-negotiable price for consumers. Price
determination in the fresh produce industry is much less transparent than in many
other agricultural supply chains. Many other commodities have products traded on
exchanges, for example the New York and Chicago Boards of Trade. While contracts
for frozen-concentrated and not-from-concentrate orange juice markets do trade,
currently, no fresh produce futures contracts exchanges exist.

Traditionally produce was priced on spot markets and delivered to restaurants or
local grocery retailers via local independent produce distributors. Terminal mar-
kets, based primarily in major metropolitan areas such as New York City, Chicago,
Philadelphia and Los Angeles, were the primary hubs connecting packer—shippers
to produce-based distributors and brokers at these markets. Today, the volume of
produce through these terminal markets has been reduced significantly, because the
remaining produce-based distributors are big enough to buy direct from packer—
shippers in the major growing areas, viz., California, Florida and Texas (USDA-
ERS, 2001).Terminal markets, although different in size and scope than they once
were, still exist and serve a need, especially in large metropolitan areas. With the
increasing emphasis on buying local, terminal markets could experience a renewal.

Due in part to the emergence of pre-cut produce (see also Chapter 10), and also to
the continuing expansion of regional and national multi-unit restaurant chains, contract
pricing in the produce industry is used extensively in selected produce markets. It is not
uncommon for these chains to seek out year-long contract prices for potato products
and pre-cut produce, such as lettuce, salad mix and cabbage. Price risk has certainly
shifted to the producer, in exchange for a guaranteed volume of business. Most, if not
all, long-term produce contracts include an “act of God” clause in case of weather-
related events that make honoring a particular contract unrealistic. These clauses allow
for price adjustments for the packer—shipper, and allow the restaurant buyers to seek
alternative sources of supply during these volatile events (e.g. frost, whitefly).

On the grocery retail side of the produce system, packer—shippers are large enough
to work directly with the national grocery chains. While there have been efforts to
contract more products between packer—shippers and grocery retailers, the incentives
to deviate from a contract remain strong. For example, in a time of product shortage
the producer has incentives to renegotiate the contract, so that they can sell on the
open market in an effort to maximize returns. In times of product gluts, the retailer
has incentives to break the contract, and to purchase product at lower cost on the
open market to remain competitive with other retailers who have not contracted at the
higher price. The volatility of the produce market affects competitiveness and contrib-
utes to the decreased use of contracting between packer—shippers and grocery retail-
ers, compared to contracting between packer—shippers and food service operators.

The consumer price index (CPI) for all food is projected to increase by 3.5% to
4.5% in 2008. Food-at-home prices are forecast to increase by 4.0% to 5.0%, while
food-away-from-home prices are forecast to increase by 3.0% to 4.0%. The all-food
CPI increased 4.0% between 2006 and 2007, the highest annual increase since 1990
(USDA-ERS, 2008a).
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C. Risk bearing

Many risks exist in the production and marketing of fresh produce. Changes in rain-
fall and temperature, catastrophic weather events and shifts in demand all represent
risks that are faced in the fresh produce supply chain. There has been substantial
government programs intended to reduce the volatility of prices for many other agri-
cultural commodity producers in the US. Furthermore, major row crop commodi-
ties generally have well-functioning futures markets that allow for the transfer of
risk from producers to speculators. Fresh produce, however, has limited channels to
reduce risk in prices and production. Futures markets for frozen, concentrated orange
juice (FCOJ) and not-from-concentrate orange juice (NFC) can provide an oppor-
tunity to mitigate some risk, but are not tied directly to fresh produce production.
Historically, fruits and vegetables have not received the generous government sub-
sidies seen in other commodity products. As a result, much risk remains throughout
the fresh produce supply chain that is borne by producers, processors and retailers.

There are a number of methods used in the produce supply chain to reduce risk.
The use of contract pricing is discussed as a risk management tool. Building long-
term storage is a form of risk reduction. Effective storage smoothes out the peaks
in supply and helps to maintain product quality. The diversification across produce
varieties, types of customers (e.g. selling to both grocery retailers and food service
operations) and spreading the business across multiple buyers, are all risk reduction
strategies implemented in the produce supply chain (see also Chapter 11).

IV. Facilitating functions

In the case of fresh produce, facilitating functions can be thought of as the actions
that allow the system to function at peak efficiency. Such types of actions provide
conduits for information and capital flows in the produce supply chain. Private firms,
government and industry groups have all historically served in facilitating roles for
fresh produce. Standards and grades can ensure the flow of uniform products, financ-
ing provides the capital needed to operate the system, market intelligence can drive
competition and communication efforts serve to inform the final consumer.

A. Standardization and grading

Standards and grades can lower costs in the supply chain, by creating uniform prod-
ucts that flow through the system, regardless of the channel. Standards are set to
identify minimum hurdles for appearance; nutritional value and information that
ensure a minimum level of quality for consumers (see also Chapters 8, 9 and 12).
Federal legislation allows the United State Department of Agriculture (USDA) and
state marketing boards to play a large role in establishing and enforcing market-
ing standards. Grades are a specific form of standards (see also Chapter 9). USDA
grading of beef is one of the most widely recognized grading standards in the food
system. Grades are simply different levels of standards among the same product.
Grading helps consumers gauge the additional value of higher quality standards.
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Grades and standards for fresh produce facilitate the marketing of these prod-
ucts. Specifically, negotiations about prices and delivery of products can be based on
mutually understood descriptions of the product, thus lowering the need for physi-
cal inspection of all shipments. Without grades and standards, costly inspections are
needed because the biological nature and perishability of these commodities make
product consistency difficult to specify on an ad hoc basis. Grades and standards can
improve information flows and lower transaction costs. Commodity-specific market-
ing alliances, such as marketing orders and trade associations, have often taken on
the responsibility for specifying and enforcing industry grades and standards.

Although grades provide the minimum standards, an increasing number of grocery
retail and food service buyers are requiring product specifications that exceed USDA
standards. It is imperative for growers, packers, shippers and distributors to under-
stand the product specifications of the buyers to whom they are selling.

Like grades and standards for products, uniform packaging and shipping practices
facilitate the marketing of fresh produce. Growers are often widely dispersed, and
buyers must source from many different producers because no single grower has suf-
ficient volume to meet their demands. Each grower could conceivably develop indi-
vidualized packaging and shipping practices best suited for their own situation, which
could create significant costs for buyers. The misalignment of incentives within the
marketing channel adds costs and generates aggregate welfare losses, if generally
accepted industry practices are not adopted. Once again, marketing alliances have
been used to overcome these challenges by imposing uniform packaging and ship-
ping standards. Another option is to develop an industry standard performance score-
card, as is underway at the Brussels-based Trading Partner Performance Management
(Supermarket News, 2008a). This scorecard will be used by both retailers and sup-
pliers to rank performance in meeting supply chain tasks. As produce supply chains
become more global in nature, the need for performance standards across supply
chain participants and products will continue to increase (see also Chapters 6 and 8).

B. Financing

Access to low-cost financial capital is the lifeblood of business. Debt and equity provide
the necessary funds to buy real assets and serve as the basis of production. Much of the
financial capital in fresh produce production comes from the equity of the producers.
Likewise, produce marketing firms can be cooperatives that rely on the equity of its mem-
ber producers, or private firms that rely on equity from stockholders. The other source
of funding, debt, is often provided by commercial banks and input suppliers. The US
government has also played a role in this important facilitating function by creating and
backing the Farm Credit System (FCS). The cooperative associations of the FCS provide
additional competition in lending funds to agricultural producers. The associations are
also authorized to fund agribusinesses that are related to marketing agricultural products.

C. Market intelligence

Collecting information on the state of the industry facilitates the spread of contem-
porary production and marketing processes. By collecting this information it is also
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easy to communicate the relative importance of the industry to entities outside the
industry. Typically, industry associations and producer groups have served this criti-
cal role. The groups often host producer meetings that encourage the spread of effi-
cient production and marketing practices. They also can communicate to legislators,
media, and others the economic impact of their particular sector.

As the produce industry continues to move toward fewer and larger producers, and
fewer and larger buyers, the market for information is becoming increasingly thin.
Market intelligence is not shared freely with the USDA-Agricultural Marketing Service
or competitors, until a given sector is under financial pressure. For example, potato
growers are reluctant to hold out for a better contract price for an upcoming season,
even if these same growers discussed a pricing strategy at an earlier growers’ meeting.
The growers know the processor needs a limited quantity of contracted potatoes, they
are afraid that if they refuse a contract price a neighbor may accept the price and, if
enough producers accept a given contract price, they may find themselves without a
contract. It usually takes a few years of contracts priced at a break-even or at a loss for
enough producers who are willing to understand their true costs of production and to
use this information to work together to raise the contract price for all producers.

Electronic data systems (EDS) or electronic data interchange (EDI) is the use of
technology to reduce transactions costs. Food manufacturers and retailers are increas-
ingly looking at ways to cut the cost of logistics (ElAmin, 2007). One example of
an EDI system is the accounting, billing and tracking system requirement Wal-Mart
places on its suppliers. Suppliers are not only required to meet the quantity and qual-
ity specifications for Wal-Mart, they must also be able to communicate electronically
with the stores and distribution facilities to carry out “just-in-time” inventory meas-
ures. These EDI systems require a significant investment on the part of the supplier,
and act as barrier to dealing with retailers the size of Wal-Mart. EDI requirements
can offset some of the gains made in logistics, because the number of suppliers a
retailer the size of Wal-Mart can purchase from is often limited to a select few who
have EDI systems compatible with Wal-Mart’s EDI system.

D. Communication, advertising, promotion and public relations

Communicating to consumers the value of goods can represent a challenge for pro-
ducers and marketers alike. If producers fail to advertise and communicate with con-
sumers, then consumers will be unaware of the benefits of fresh produce. To avoid
such situations, some producers and marketers invest in advertising to promote the
benefits of fresh produce. Those who do not invest, however, still benefit from
the overall expansion of the market. This challenge has been mitigated by an act of
the federal government. The USDA facilitates generic promotional boards that collect
funds from producers based on production, and then coordinate the promotional
message. Boards serve an important role in expanding the generic market for fresh
produce. Alternatively, some fresh produce is marketed under brands; Dole, Del
Monte, and Chiquita are well-known examples. Brands might be distinguished based
on quality. Currently, additional efforts focus on communicating the location of
origin of fresh produce.
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Public relations and other communication bureaus have traditionally played a
strong role in advocating for producers in the US. In addition, these groups some-
times publish their own periodicals and maintain websites to communicate within
and outside the group.

V. Market participants and their functions

There are five sets of key participants in the fresh produce marketing chain: growers,
packers, shippers, retailers and foodservice operators (Figure 7.1). These members
of the chain carry out the production, processing and selling of fresh produce, while
other participants, such as the government and lenders, provide capital and market
coordination resources. The key participants operate under an industry structure gov-
erned by functioning markets that use the unique aspects of agricultural goods and
services.

A. Growers

Growing fresh produce is a capital intensive process that requires growers to deal
with seasonality with regards to weather, market demand, labor and other inputs.
Growers face increasing competitive pressures as free trade is promoted and bor-
ders are increasingly open to foreign goods and services. Growers have responded to
these pressures by adopting mechanization, differentiating their product, or market-
ing directly to the end consumer.

Vegetable and melon farms are largely individually owned and relatively small,
with nearly 75% harvesting fewer than 25 acres. However, relatively few farms
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Figure 7.1 Basic structure of the produce industry. Adapted from: Prevor (2006).
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account for most of the commercial sales of vegetables and melons. In 2006, about
12% of vegetable and melon farms had sales in excess of $500 000, yet these farms
accounted for 87% of the vegetables and melons sold by growers. Production of veg-
etables and melons in the US continues to increase, with output this decade running
about 12% above that of a decade earlier. While total vegetable output has contin-
ued to rise over the past decade, acreage has declined slightly, indicating increasing
productivity per acre (USDA-ERS, 2008c).

Vegetable and melon production (including potatoes and sweet potatoes) occurs
throughout the US, with the largest acreage in California, North Dakota (primarily
potatoes and pulse crops), Idaho, Michigan, Minnesota, Washington and Wisconsin.
More than half of all vegetable production occurs on irrigated acreage. The Upper
Midwest (Wisconsin, Minnesota and Michigan) and the Pacific States (California,
Washington and Oregon) report the largest vegetable acreage for processing, while
California, Florida, Georgia, Arizona and Texas harvest the largest acreage for the
fresh market. California and Florida produce the largest selection and quantity of
fresh vegetables. California also produces vegetables for processing (especially toma-
toes); while the Upper Midwest States (Michigan, Wisconsin and Minnesota) grow a
large portion of the peas, snap beans and sweet corn used in canning. Northwestern
States (Washington, Oregon and Idaho), along with New York, supply the lion’s
share of frozen vegetables and more than half the potatoes. Significant potato pro-
duction also takes place in Wisconsin, Colorado and North Dakota. North Carolina,
Louisiana and California produce 75% of the sweet potato crop. Pennsylvania and
California raise the majority of the nation’s mushrooms (USDA-ERS, 2008c).

The US is among the top producers and consumers of fruit and tree nuts in the
world. Each year, fruit and tree nut production generates about 13% of US farm cash
receipts for all agricultural crops. Annual US per capita consumption of fruit and
tree nuts totals nearly 300 pounds fresh-weight equivalent. Oranges, apples, grapes
and bananas are the most popular fruit while almonds, pecans and walnuts are the
most preferred tree nuts (USDA-ERS, 2008Db).

B. Packers

If growers do not sell directly to the end market, then they typically sell to a packer.
Packers transform loose product into a saleable product by packing it into car-
tons, boxes, or bags as appropriate. They also perform the key functions of sorting,
washing and packing the produce.

The application of new technologies occurs at ever-increasing rates in the produce
industry. Ultra-sound and X-ray technology are used to detect hollow-heart spots
inside potatoes (see also Chapter 15). The ability to detect defects of this nature
allows the packer—shipper to guarantee a more uniform product, and therefore to
secure a higher price. Technology has allowed packers to reduce their reliance on
human labor in the sorting, grading and packaging process. The family of one of the
authors used to employ over 50 people in a potato packing warehouse. Today this
operation relies on approximately 30 people, who pack five times the output of the
crew of 50.
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Participants in the produce supply chain are constantly looking for new and inno-
vative packaging. Paper bags and cardboard trays have given way to complex pol-
ymer containers. Consumers buy with their eyes, and expect to be treated to bold,
crisp colors in packaging. It is common to pack produce in packaging that comple-
ments the product. For example, carrots will usually be packed in plastic bags with
orange and green colors, while strawberries are packed in clear clam-shells with red
labels and a moisture pad on the bottom to soak up any condensation that may form
during transit.

Produce packaging commonly takes advantage of highly specialized designs that
allow the produce to breath in the package. Some packaging is geared toward reduc-
ing preparation and cooking time. For example, baking potatoes can be wrapped in a
specialized plastic wrap that allows the end-user to microwave the potato in five min-
utes, in essence, steaming the potato. In addition, many produce offerings are being
packaged as “fresh-cut.” Fresh-cut refers to pre-cut, pre-packaged produce, such as
salads that include cut lettuce, shredded carrots and sliced onions (see also Chapter
10). In fact, the value of fresh-cut sales has increased by more than four times since
1994 (Rabobank, 2004). This particular segment of the value chain is innovative and
capturing additional profits. As a result, many participants have considered serving
this role in the value chain.

Consumers are increasingly demanding packaging that is “earth friendly.” The
produce industry is seeking ways to reduce the amount of packaging required, while
maintaining the integrity of the product during transit. Wal-Mart has led the push to
use reusable product containers (RPCs). These could be used not only to pack and ship
produce, but also to display produce directly in the store with these containers. At the
time of writing, RPCs have not gained wide acceptance because of issues of ownership
of these reusable containers as they change hands through the produce supply chain.

C. Shippers

The term shipper understates the role of these members of the fresh produce mar-
keting chain. This group is responsible for bringing together buyers and sellers. In
the past, they have relied on a transactional approach, but recently have switched to
using intermediate and long-term contracts with buyers. Shippers can be very large,
vertically-integrated growers, a cooperative of growers, or independent businesses.

A cooperative is a type of corporation that usually has multiple owners, offers
goods and services to customers, utilizes sound business practices and operates under
state-granted articles of incorporation. Three principals distinguish cooperatives
from general corporations. These are: user-owned, user-controlled and user-benefits.
The people who use the cooperative own and finance the business. “User-controlled”
means a majority of the customers are members who select their boards of direc-
tors. “User-benefits” explain the cooperative’s primary purpose is to provide and dis-
tribute benefits to members (USDA-RBCDS Cooperative Services, 1995). Fruit and
vegetable-based cooperatives are still important in the produce supply chain today.

Of the 2675 registered cooperatives in the US in 2006, there were 167 fruit
and vegetable cooperatives. These 167 cooperatives were comprised of 28 700
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members with sales of $5.8 billion. It is not surprising that California and Florida
had the largest number of fruit and vegetable-related cooperatives, 45 and 18,
respectively (USDA-Rural Development, 2008).

D. Retailers

Grocery stores are the first group that comes to mind when thinking of retailers but
fresh produce can also be purchased in convenience stores, malls, by mail order and
even on the Internet.

The top 75 North American food-based retailers (e.g. grocery stores, supercenters,
wholesale clubs, convenience stores) accounted for $830.19 billion in sales in 2007
(Supermarket News, 2008b). The top five North American retailers include:

1. Wal-Mart Stores: $240.8 billion in sales;

2. Kroger Co.: $69.0 billion in sales;

3. Costco Wholesale Corporation: $63.1 billion in sales;
4. Supervalu: $43.9 billion in sales; and

5. Safeway: $42.3 billion in sales.

The top five retailers accounted for 55% of the sales volume.

Internet-based retailers have been around since the 1980s. Internet grocery retailers
have come and gone (mostly gone), with one exception, Peapod. Founded in 1986, it
takes orders from customers online and then someone from Peapod physically goes
to the retailer to pick the items requested by the customer. The minimum order size
is $75. Next, Peapod delivers the grocery items to a customer at retailer cost plus
a delivery charge. Before 1996, it provided an online grocery shopping service in
partnership with Jewel in Chicago and surrounding towns, Safeway in San Francisco,
California, Randall’s in Houston, Texas and Kroger in Columbus, Ohio. Peapod was
one of the earliest Internet start-ups; the company made the Inc. 500 list of fast-
growing privately held US companies. Between 1997 and 2000, Peapod expanded
into Boston and Watertown, Massachusetts, Long Island, New York and Norwalk,
Connecticut in partnership with Stop & Shop. In late 2000, they entered Washington
DC and surrounding towns, cooperating with the Giant Food supermarket chain.

Royal Ahold bought 51% of Peapod’s shares in June 2000, and in August 2001
they bought out the entire company. As a result, Peapod’s only remaining retailer
contracts are with Royal Ahold’s two primary American chains, Stop & Shop and
Giant Food (Peapod, 2008). One of the reasons for the success of Peapod has been
their ability to take care of a primary need for time-starved consumers — conven-
ience. While the idea of using this type of service has a certain appeal, many con-
sumers are wary of turning over the selection of perishable items, such as produce, to
a stranger. For other consumers, there is value in spontaneously shopping for items
that answer the question: “what’s for dinner?” The other reason there have not been
more companies entering into the e-commerce grocery retail business is that no one
has been able to overcome effectively all the transaction costs of buying in bulk and
selling by the piece to consumers distributed over large areas. Peapod has chosen its
marketing to coincide with densely populated areas to drive up sales to cover costs.
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In an annual survey of grocery shoppers, when asked to rank the importance of
quality fruits and vegetables among top factors in selecting the primary grocery
store, 77% of respondents named produce a very important factor, and 7% ranked
it as the overriding factor. In another survey by Progressive Grocer, consumers
were asked how they spent their money in a grocery store. In 2006, the average con-
sumer spent $10.23 on produce out of every $100 spent on groceries (The American
Institute of Food Distribution, Inc., 2007).

Grocery retailing is comprised of the following formats (Food Marketing Institute,
2008), with produce sold in each format:

o Conventional supermarket: the original supermarket format offering a full line
of groceries, meat and produce, with at least $2 million in annual sales; a typi-
cal store carries approximately 15 000 items, offers a service delicatessen and
frequently a service bakery;

o Superstore: larger version of the conventional supermarket with at least 40 000
square feet in total selling area and 25 000 items;

e Food/drug combo: combination of superstore and drug store under a single
roof, with common checkouts; these stores also have a pharmacy;

o Warehouse store: low-margin grocery store offering reduced variety, lower
service levels, minimal decor and a streamlined merchandising presentation,
along with aggressive pricing; in general, warehouse stores do not offer spe-
cialty departments, e.g. Xtra;

o Super warehouse: high-volume, hybrid format of a superstore and a warehouse
store; super warehouse stores typically offer a full range of service depart-
ments, quality perishables and reduced prices, e.g. Cub Foods;

o Limited-assortment store: “bare-bones,” low-priced grocery store that provides
very limited services and carries fewer than 2000 items with limited, if any,
perishables, e.g. Aldi and Sav-A-Lot;

o Convenience store (traditional): small, higher-margin store that offers an edited
selection of staple groceries, non-foods and other convenience food items, i.e.
ready-to-heat and ready-to-eat foods; the traditional format includes stores that
started out as strictly convenience stores, but might also sell gasoline;

o Convenience store (petroleum-based): the petroleum-based stores are primarily
gas stations with a convenience store;

e Hypermarket: a very large food and general merchandise store with approxi-
mately 180 000 square feet of selling space. While these stores typically devote
as much as 75% of the selling area to general merchandise, the food-to-general
merchandise sales ratio is typically 60:40, e.g. Bigg’s;

o Wholesale club: membership retail/wholesale hybrid with a varied selection
and limited variety of products presented in a warehouse-type environment.
These 120 000 square foot stores have a grocery line dedicated to large sizes
and bulk sales. Memberships include both business accounts and consumer
groups, e.g. Sam’s Club, Costco and BJ’s;

e Mini-club: a scaled-down version of the wholesale club. The mini-club is
approximately 25% of the size of a typical wholesale club, and carries about
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60% of the SKUs, including all of the major food and laundry departments
and a limited line of merchandise (soft goods, office supplies and opportun-
istic, one-time buys), e.g. Smart & Final. Some of these stores do not have
membership fees and often operate as a “cash & carry;”

e Supercenters: a large food/drug combination store and mass merchandiser
under a single roof. The supercenters offer a wide variety of food, as well as
non-food merchandise. These stores average more than 170 000 square feet, and
typically devote as much as 40% of the space to grocery items, e.g. Wal-Mart,
Kmart, Super Target, Meijer and Fred Meyer;

e Deep-discount drug store: a low-margin, GM/HBC store with approximately
28 000 square feet of selling space and 25 000 SKUs. Food accounts for 20%
of store sales, e.g. Phar-Mor and Drug Emporium;

o Internet: an Internet-based grocery distribution operator; included in this for-
mat are all Internet operators who use the Internet as the primary means of
accepting grocery orders for home delivery or pick-up. Also included are major
food retailers that generate a portion of their sales through Internet-based sales.
Internet suppliers typically offer 12 000 SKUs or more for home delivery,
e.g. Peapod.

E. Food service operators

Restaurants are key outlets for fresh produce (see also Chapter 11). In addition, fresh
produce can be found at hotels, cruise ships, corporate and school cafeterias, college
and university dining halls, arenas, theme parks, hospitals, nursing homes and pris-
ons, among other places. Many of these outlets rely on food service distributors to
deliver fresh produce to each location.

Restaurant sales reached $537 billion in 2007. This is an increase of almost 5%
over 2006. This marked the sixteenth consecutive year of real growth. Total food
service sales account for approximately 4% of the US gross domestic product
(GDP). The nation’s 935 000 restaurant and food service outlets have a total eco-
nomic impact that exceeds $1.3 trillion (The American Institute of Food Distribution,
Inc., 2007).

The restaurant industry’s share of the consumer’s food dollar is 47.9%. While
the share is much higher than the 25% in 1955 (The American Institute of Food
Distribution, Inc., 2007), the split between consumer food dollars spent away from
home (food service operations) and food dollars spent at home (grocery stores) has
remained relatively constant over the past ten years, in part due to an increasing
emphasis on home meal replacement by grocery store operators.

A major challenge for produce in the food service system is the role convenience
continues to play in consumer eating habits. Consumers are 17% more likely to pur-
chase fast food when convenience is the main factor, while consumers seeking more
healthful foods are 19% more likely to patronize full service restaurants over fast
food restaurants, because they perceive that full service restaurants serve healthier
food (The American Institute of Food Distribution, Inc., 2007). The issue for produce
providers is to find new ways to get additional produce offerings on these menus.
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Food service, once the home of specialists in produce, meat, dry goods and equip-
ment, is now dominated by large broad line distributors that position themselves
as a one-stop shop for restaurants and other food service operations. Sales of the
largest broad line distributors continue to grow each year. In 2007, sales from the
top 50 broad line distributors exceeded $95 billion. The top 50 broad line distribu-
tors accounted for nearly 39% of all food service distribution sales in 2007. Total
food service distribution sales were $215 billion in 2007. The largest food service
distributors are:

1. Sysco Corporation, $36.6 billion in sales;

2. U.S. Foodservice, $19.2 billion in sales;

3. Performance Food Group, $5.8 billion in sales;

4. Gordon Food Service, $5.2 billion in sales; and

5. Reinhart Foodservice, $2.6 billion in sales (Dlaboha, 2008).

Produce has become a point of differentiation for Sysco, the largest of the top 50
breadline food service distributors. In the early part of this century, Sysco purchased
FreshPoint, Inc., the largest produce specialist in the nation (http://www.freshpoint.
com). Sysco acquired four produce specialists in 2005 and three more in 2006:
Incredible Fresh Produce (Florida), City Produce Inc. (Texas), and Thomas Brothers
Produce (Oklahoma), respectively (The American Institute of Food Distribution,
Inc., 2007). Although owned by Sysco, Fresh Point is operated separately, and in fact
competes against local Sysco distribution centers. Sysco has used the acquisitions
of produce specialists to drive sales growth and to gain competitive advantage in the
marketplace.

VI. Structural issues impacting market functions

There are several contemporary issues that impact the relationships among key mar-
ket participants. Among the issues are changes in labor, capital and institutional
design. There are also concerns with respect to the environment, government regu-
lation and sustainability. The current issues have the potential to alter significantly
the way that the produce marketing system functions. For example, marketing alli-
ances in fresh produce exist because fresh produce markets are imperfect, dynamic
institutions that are quite dissimilar from the abstract models of economic theory.
At least three general sources of these imperfections provide economic incentives
and rewards for creating alliances: industry structure, the under-provision of “goods
and services” needed for well-functioning markets, and the inherent characteristics
of fresh produce itself (Sterns, 2008).

A. Industry structure

Produce markets typically are characterized by conditions of uneven distribution
of market power that disadvantage small producers and initial handlers. As a con-
sequence, those whose preferences count in determining terms of trade are often
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down-stream market participants, such as repackers, processors, distributors, retail-
ers and other market intermediaries. Often, these terms of trade are more than just
the specification of price and “quality” of products. Market structure can also have
a significant effect on what products are actually bought and sold, and who actu-
ally gets to buy and sell them. For example, large European and American retailers
like Carrefour and Wal-Mart can dictate quality standards and minimum shipping
volumes from their suppliers. When retail giants enter markets in developing coun-
tries, local producers may not have access to markets because they cannot meet the
demands of the retailers.

B. A functioning market

Markets are not abstract ideals that magically emerge from chaos to order. Rather,
choices and actions, both individual and collective, purposefully create markets,
and drive their dynamic evolution as social institutions. Some choices facilitate the
functioning of markets, while others impede them. When functioning well, markets
can generate clear benefits and lower transaction costs for many, if not all, market
participants. For example, benefits arise from clear market signals regarding quality.
Consumers are supplied with sufficient quantities at satisfactory quality levels, and
producers are rewarded in the form of profits. Transaction costs are minimized when
quality is standardized, reducing the need for negotiating price levels.

However, benefits and lower costs often go unrealized, because individual incen-
tives are difficult to align in the absence of some form of collective action and coop-
eration among market agents. One reason is that many benefits associated with
improving the functioning of markets have high exclusion costs associated with
them, hence if one market agent takes actions (and, thereby, incurs the costs) to cre-
ate a better functioning market, others have strong incentives to free ride. For exam-
ple, if one market agent pays for promotions that create consumer awareness and
demand for a particular agricultural commodity, others in the market benefit from
the action without incurring the cost of the promotion.

Another characteristic that complicates incentives for providing the necessary set-
ting for well-functioning markets is that many of the benefits for doing so can be
captured simultaneously by multiple agents. For example, if one market agent “con-
sumes” (i.e. uses) market information, other market agents can still use that same
information. This jointness-in-use creates an academically interesting, though in
practice confounding, interdependency; the marginal cost of adding one more user of
market information approaches (or is equal to) zero. From a practical standpoint, if
marginal costs in use are zero, what price should the marginal user pay?

To a grower or market intermediary wanting to buy or sell fruits and vegetables,
what matters is not the “economics” of why markets do or do not function well (i.e.
the conditions noted in the previous section), but rather the actual “orderly market-
ing” of products and services is what matters. The phrase “orderly marketing” is fre-
quently used in the legislation and regulatory statues of the US government, and it
refers to a set of actions, authorized by law, which can directly facilitate the exchange
of agricultural products.
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“Orderly marketing,” by definition, dictates the creation and free flow of
information, low barriers to the adoption of innovations, the effective coordination
of market transactions and the adoption of generally accepted practices for all indus-
try participants. Orderly marketing results in economic gains, cost savings and an
alignment of economic incentives that sustain these gains and cost savings. Hence,
“orderly marketing” is the legal rationale written into US government policies
that specify classes of marketing alliances that are allowable under law in the US.
Examples of these alliances common in fresh produce industries include marketing
orders, marketing commissions, promotional boards and cooperatives.

These various alliances are authorized to take actions that will improve the orderly
marketing of fresh produce. For example, these alliances invest in research and
development, establish grades and standards for agricultural commodities, mandate
uniform packaging and shipping standards and coordinate the harvesting and prelim-
inary processing of raw commodities. Each of these actions can and does contribute
to the orderly marketing of agricultural products.

C. Characteristics of agricultural goods and services

Transaction costs in agricultural markets are particularly high. Following
Williamson’s (1985) general analytic framework, it is readily evident that individ-
ual growers are very susceptible to opportunism, simply because of inherent char-
acteristics common to most fresh produce. For example, because fresh produce is
perishable, buyers know that it must be sold quickly. Buyers can use this fact to lev-
erage more favorable terms of trade, especially since buyers also have the advantage
of being able to source relatively homogeneous products from multiple suppliers.
Further, assets deployed in the production of fresh produce are typically very specific
and, as Williamson (1985) noted, high levels of asset specificity increase the poten-
tial for others to act in an opportunistic way. Lastly, information flows in agricultural
marketing channels are often imperfect, adding yet another incentive for downstream
market agents to act opportunistically.

Therefore, basic economic conditions help substantiate the need for market alliances,
and explain why alliances can provide economic benefits to those who form them. They
also provide the intellectual rationale for government policies that facilitate the forma-
tion of market alliances, especially among fresh produce growers and first handlers.

With an understanding of the functions of the fresh produce marketing chain, one
can begin to identify the functions members of the chain have taken on historically,
presently, and might take on in the future. Many forces drive the decision to vertically
integrate or coordinate. Consolidation among retailers, efforts to eliminate the “middle-
man,” information technology, enhanced inventory management techniques, globaliza-
tion, growth of organic consumption and increasing energy prices are just a few changes
that are likely to bring changes in coordination along the fresh produce marketing chain.

D. Competing land use issues

There are a number of issues that produce supply chain participants face at the
rural-urban interface, especially in states like California and Florida. From a grower
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perspective in fast-growth population states like Florida, rising land values are strong
incentives to producers to sell their land for housing developments. Another issue
is the potential for pesticide drift from farms affecting nearby housing communities
and schools. This is a significant issue in parts of Florida. For example, the proxim-
ity of farms to urban areas is often beneficial for those that sell at local farmers’
markets, and produce is obviously important for local markets.

The protection and preservation of farmland discussion is often driven by the
rationale that farms generate ecosystem services. However, farmers that produce row
crops, fruits and vegetables typically generate fewer ecosystem services than oth-
ers, such as cattle ranchers, but, on the other side, there are ecosystem services pro-
duced through row crop farms that are not well understood (e.g. habitat for beneficial
insects, pollination, erosion control).

E. Farmers’ markets

Farmers’ markets are a fundamental part of the urban—rural interface, they have con-
tinued to grow in popularity, mostly due to the growing consumer interest in obtain-
ing fresh products, especially produce directly from the farm (see also Chapter 11).
Farmers’ markets allow consumers to have access to locally grown, farm-fresh produce,
enable farmers to develop personal relationships with their customers, and cultivate
consumer loyalty with the farmers who grow the produce. Direct marketing of farm
products through farmers’ markets continues to be a significant sales outlet for agri-
cultural producers nationwide. In 2006, there were 4385 farmers’ markets operating
throughout the nation. The number was an increase of 18% from the number reported
in 2004. The growth demonstrates that farmers’ markets are meeting the needs of an
increasing number of small- to medium-sized operations (USDA-AMS, 2008).

F. Labor issues

The production of fresh fruit and vegetables requires a significant amount of manual
labor. University of Florida enterprise budgets (Hewitt, 2006) estimate that at least
200 hours of manual labor are required to plant, grow and harvest one acre of fresh
market tomatoes. At least 50 hours are required to hand-harvest one acre of citrus.
The bulk of labor is supplied by seasonal and migrant farm workers. The workers are
hired by the day and, typically, are paid a piece rate wage, which rewards workers for
their productivity and speed to complete the assigned task.

Between 50% and 70% of farm workers are undocumented, meaning they are
working in the US illegally (Mehta et al., 2000). The latest Natural Agricultural
Worker Survey results indicate that more than 50% of farm workers self-reported
that they were working in the US without legal documentation. Data from the Social
Security Administration reveal that more than 70% of social security numbers listed
on W-2 forms from agricultural employers are “mismatched.” The problem of ille-
gal immigration in farm work is not new. The issue of illegal immigration rose to
such importance that the US congress enacted the Immigration Reform and Control
Act (IRCA) of 1986. At that time, the illegal immigration issue was viewed as an



VII. Concluding remarks 149

“agricultural” problem that involved between one and two million workers. IRCA
was supposed to “fix” the problem by granting amnesty to undocumented farm
workers, in exchange for tougher sanctions on employers who hired undocumented
workers in the future.

Unfortunately, IRCA did not anticipate the rapid and sophisticated development of
the forged document industry. A set of employment papers, including a social secu-
rity number, could be purchased at a cost between $100 and $500 depending on the
quality of the documents (Grassi, 2006). Employers were not able, nor allowed out of
fear of discrimination lawsuits, to distinguish between legal and forged documenta-
tion. The problem of illegal immigration continued to grow through the 1990s, and
into the twenty-first century. The difference between 2005 and 1986, however, is that
illegal immigration ceased to be exclusively an agricultural problem. Over the last 20
years, the booming US economy has attracted more than 12 million undocumented
workers, fewer than 2 million of whom work in agriculture.

G. Sustainability and the produce supply chain

Issues of sustainability have become increasingly important to the produce supply
chain. As energy prices continue to increase and social issues, such as global warm-
ing, continue to gain the attention of consumers, produce supply chain participants
must be ready to act. At the time of writing, the authors know of at least two major
sustainability efforts in Florida. One is a sustainability effort at the University of
Florida where Aramark, the food service management company, in conjunction with
their approved suppliers, is actively seeking out local produce farmers to provide
as much fresh produce as possible to the university. The second effort involves the
Breakers Hotel in West Palm Beach, Florida. The Breakers is actively seeking local
providers of, possibly, all food and other goods it uses in its operations. The Breakers
has gone so far to promote the idea as to form a limited liability corporation with
interested local suppliers to achieve these sustainability goals.

Sustainability initiatives are springing up all around the world. For example, the
leading UK food retailer, Tesco, announced recently that it would show products’
carbon footprints on its food labels. Tesco is one of the first grocery retailers to track
and publicly display the total carbon footprint.

VIl. Concluding remarks

Participants can determine the functions they are best suited to accomplish by viewing
the produce marketing system as a set of tasks that must be accomplished, i.e. through
the application of the functional view of the market. Indeed, over time, the system has
seen changes that have encouraged participants to add or discontinue activities that they
had previously accomplished. It is notable that, increasingly, producers have returned to
direct marketing of products through buy local and farmers’ markets campaigns.

At the time of writing there were a number of emerging issues facing the produce
food system. The increasing cost of energy, the increasing popularity of “buying local”
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and the increasing demand of biofuels is likely to drive the growth of pockets of fruit
and vegetable production to meet local needs. It will be interesting to see what happens
when these trends meet the urban sprawl in California, Texas and Florida, the states
expected to grow by the greatest amount between 1993 and 2020 (Campbell, 2008).

Consumers will continue to demand a wide variety of produce that is convenient
and accessible year-round. The health attributes of produce will continue to drive
consumer demand, especially in countries like the US where child and adult obesity
issues continue to mount. Although some of these emerging issues are likely to result
in increasing consumer prices for produce, others are likely to result in an increased
willingness on the part of consumers to pay for products that deliver value.

The fresh produce marketing system continues to evolve. Many pending chal-
lenges cause system participants to reconsider their functions seriously. Competing
land use, labor issues and sustainability issues will force changes in the system
that seem likely to force consumers to rely increasingly on locally grown produce.
These issues have implications for producers, transporters and assemblers. Although
the participants accomplishing each of the functions may change, the functions
themselves will remain.

Key words
Exchange functions, facilitating functions, physical functions, price determination, produce
supply chain, storage, transportation.
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l. Introduction

The global fresh produce market is a complex multi-billion dollar business, involving
a wide range of small- to large-scale supply chains. Advances in postharvest sci-
ence and technological innovations in produce handling for long-term preserva-
tion and maintenance of quality and safety have contributed to year-round supply
and availability of agricultural produce grown in diverse climates that are continents
apart. Consequently, bananas produced in Ecuador, pineapples grown in Ghana, or
kiwifruit grown in New Zealand can be purchased in top quality condition elsewhere
in supermarkets in parts of Europe, North America, Asia and Africa. With the rising
influence of multinational firms in the globalization of fresh produce supply chains,
and increasing epidemiological evidence which positively link high consumption of
fruit and vegetables with a reduced incidence of cardiovascular and other chronic
diseases, such as cancer (Ness and Powles, 1997; Lamp, 1999; Kaur and Kapoor,
2001; Su and Arab, 2006), the market for fresh produce has continued to expand
during the past decade.

In comparison to other items of international trade, agricultural and horticul-
tural produce are highly perishable and variable in their physico-chemical proper-
ties, nutritional composition and other quality attributes. Because they are living
things, even after harvest they continue to respire and undergo further biochemical
and physiological changes during the course of postharvest handling, up to the point
of end use. These unique attributes pose considerable challenges for all participants
in the supply chain management of fresh produce, from field to end-user. To ensure
reliable supply of produce with desirable and consistent quality attributes which
meet or exceed consumer expectations, appropriate postharvest technologies must be
deployed at all steps in the supply chain, to reduce the incidence of losses and main-
tain quality (Opara et al., 2002). In addition to managing produce to maintain quality
and meet market specifications, the fresh produce sector must also adopt an indus-
trial approach to the management of the produce-handling system to ensure effective
and efficient delivery of good quality and safe produce.

The fresh produce market has experienced significant change, driven in large part
by increased consumer demand and sophistication, and corresponding adaptations
by streamlined supply chains. These changes are accompanied by consolidation of
retailers and distributors to reduce costs and streamline and improve supply-chain
management practices, expansion of product offerings and movement towards
year-round supply, and increases in imports. Large supermarket chains continue to
adopt measures to lower labor and capital costs, promote product differentiation and
improve consumer services, in order to remain profitable in an increasingly com-
petitive environment. Innovations in procurement and distribution of produce, such
as inventory mechanization and automation, direct delivery by suppliers, use of
specialty wholesalers and fixed contracts with suppliers, help to improve cost
efficiencies and streamline the supply chain.

Global production and marketing of fresh fruit and vegetables has increased
sharply during the past quarter of a century, with international trade in fruit and
vegetables expanding more rapidly than trade in other agricultural commodities,
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especially since the 1980s (Huang, 2004). Production grew from 0.81 billion metric
tons in 1990 to 1.2 billion metric tons in 2002, while harvest area increased from
72.2 to 96.6 million hectares (Cook, 2003). Although exports remain only about
10% of total production, world fruit and vegetable exports (both fresh and processed)
increased from US$51 billion in 1990 to US$72.7 billion in 1996, dropping slightly
to US$69.8 billion in 2001. The share of fruit and vegetables in world agricultural
trade has also increased from a nominal value of US$3.4 billion (10.6%) in 1961 to
nearly US$70 (16.9%) in 2001 (Huang, 2004).

The continuing global rise in consumer demand for fresh produce is further
exemplified by recent market trends in the US and Europe. The value of fresh
produce (fruit and vegetables) sold to consumers in the US was valued at over US$
70 billion in 1997 (Govindasamy and Thornsbury, 2006), while the estimated value
of fresh produce sold through retail and food service channels alone surpassed
US$84.5 billion in 2001 (Cook, 2003). Minimally processed produce sales, such as
fresh-cut and packaged salad, rose even more significantly, from 1% to 15%, dur-
ing the 10-year period from 1987 to 1997. This growth reflects increasing consumer
demand for variety, quality and convenience. There has also been an approximate
three-fold increase in the share of sales by produce wholesalers to the food service
channel, over the same time period, from 8% in 1987 to 21% in 1997 (Govindasamy
and Thornsbury, 2006), reflecting the rise in food dollars spent in the food serv-
ice/restaurant sector (approaching half of the US consumers’ total food dollars).
The rising proportion of food service/restaurant sales is another reflection of con-
sumer desire for convenience and value-added products. Similarly, Europe-wide
fresh produce sales through supermarket channels alone (excluding greengrocers and
food service) were estimated to exceed US$73 billion in 2002, with a total final sale
exceeding US$100 billion (Cook, 2003).

The significant rise in global fresh fruit and vegetable production and sales dur-
ing the last quarter of a century resulted in the fruit and vegetable market becoming
one of the fastest growing components of all agricultural markets (EC, 2007). This
growth, in both production and sales, also corresponded to increases in per capita
intake (WHO/FAO, 2005; Hodder, 2005). A recent analysis of the evolution of world
fruit and vegetable markets by the European Commission (EC) based on statistics
from the Food and Agriculture Organization (FAO) showed that global fruit and veg-
etable consumption increased by an average of 4.5% per annum between 1990 and
2004 (EC, 2007). Between 1980 and 2001, per capital global consumption of major
fruit and vegetables increased substantially by double digits (Hodder, 2005).

Accurate data on global intake of fruit and vegetables is lacking, due to the use of
different assessment methods by researchers and the absence of dietary intake assess-
ment programs in many countries. As part of a comparative risk assessment (CRA)
to estimate the global health effect of low fruit and vegetable intake conducted by the
World Health Organization (WHO) within its Global Burden of Disease 2000 Study,
Pomerleau et al. (2004) estimated worldwide fruit and vegetable intakes from 26
national population-based surveys, complemented with food supply statistics. Using
a regional sub-classification based on child and adult male mortality levels (A: very
low; B: low; C: low child and high adult; D: high; E: high child and very high adult),
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the results showed that intakes varied considerably by region, gender and age (over-
all median = 223 grams per person per day). Highest fruit and vegetable mean intake
was in Europe (A: median = 449 grams per person per day) and the Western Pacific
Region (A: median = 384 grams per person per day). However, the lowest intakes were
found in America (B: 192 grams per person per day), Europe (C: 217 grams per person
per day), South East Asia (B: 223 grams per person per day), South East Asia (D: 244
grams per person per day), and Africa (E: 246 grams per person per day), respectively.
These results and recent analysis that support the new collaborative WHO/FAO global
strategies on diet, physical activity and health (WHO, 2003a,b,c; WHO, 2004; FAO,
2005; Smith and Eyzaguirre, 2007) showed that despite the rise in fruit and vegetable
intake during the past 25 years, global consumption is still well below the minimum
recommended intake of 400 grams per person per day. A recent joint FAO/WHO work-
shop on fruit and vegetables for health outlines a framework to promote increased pro-
duction and consumption of fruits and vegetables (WHO/FAQO, 2005).

While the global fresh produce market continues to grow, this market is increasingly
complex, like all agriculture. However, unlike many agricultural sectors, fresh produce
markets frequently involve much higher risks, with the potential for corresponding
higher returns. Postharvest innovation in handling and distribution technology, retailer
and wholesaler consolidation, changing legal environment, international standards
and agreements, food safety issues and health concerns create new challenges and
new opportunities in a sector where per hectare cost of production is already high, and
traditional government safety nets for industry do not normally exist.

This chapter reviews the current approaches to produce quality management, from
the principles and practice of produce inspection and quality control to quality assur-
ance, and discusses specific quality management procedures and regimes, ranging
from good agricultural practice (GAP), HACCP and ISO standards to total quality
management (TQM). Finally, I conclude this chapter with a highlight of the cur-
rent and future prospects for an industrial approach to quality management in fresh
produce handling.

Il. Global issues impacting quality
management in produce handling

A. Dynamic and interconnected supply chains

To access and retain their share in local and export markets, fresh produce supply
chains must adopt a business approach to quality management of their products and
processes. This requires understanding of the fact that fresh produce intended for
market passes along a complex, dynamic and interconnected supply chain from fields,
where they are grown, right along the supply chain to the end-user (see Chapters 6
and 7). Thus, a breakdown at any point in the supply chain can easily result in the col-
lapse of the whole, highlighting the important and interconnected roles of all partici-
pants (see Chapter 1). The participants in the supply chain include farmers/producers
and postharvest handlers, such as buyers, packers and exporters, who consolidate
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produce and transport it to distribution points, and importers, distributors, whole-
salers and retailers who buy, distribute and sell the produce, to consumers who buy
the produce. As more and more produce is consumed farther away from its region
or country of origin, global supermarket chains have continued to exert considerable
influence on both the supply and quality of produce.

There are also external factors and organizations which affect the supply chain and
influence the smooth flow of produce. These include climate change which affects
weather conditions (temperature, rainfall, sunshine, floods, and storms) that cannot
be controlled, but represent critical factors affecting crop productivity and logistics,
suppliers whose products (seeds, fertilizers, agrochemicals, equipment) are needed
for increasing production and handling the produce, and financial institutions.
Each of these participants, both those central to the chain itself and those who affect
it from outside, perform critical roles which affect the whole produce-handling
system.

B. Changing market requirements

The rise in global demand for fresh produce is also matched by rapid changes in
consumer demand about the source, quality, safety, convenience and other attributes
of the produce they purchase, and this trend is likely to continue in the foreseeable
future. Produce safety and integrity is clearly non-negotiable, and is a basic entry-
level requirement for a supplier to meet all the quality protocols and regimes to
guarantee safe food. Because all produce suppliers must meet these standards, meet-
ing the standards is, therefore, no longer an asset in gaining competitive business
advantage. Consequently, greater attention is paid to ensuring that quality standards
and protocols are met efficiently, emphasizing the need to deploy appropriate quality
management systems.

In addition, fresh produce suppliers have to meet ever-increasing environmental,
social and food quality standards, and have to demonstrate compliance with these
standards using the principles of traceability (see Chapter 12) and due diligence.
These standards and legislations (both national and regional) have become non-
negotiable market requirements, and must be met by small-, medium- and large-scale
suppliers (see Chapter 9). Accordingly, only those suppliers who develop a long-term
integrated quality management strategy for responding to market signals are likely to
survive in the competitive world of fresh produce trade.

There are medium- to long-term strategic imperatives for companies to adopt an
integrated industrial approach to quality and supply chain management:

1. consumer safety: recent, unprecedented, food scares, including fresh produce,
have heightened consumer concern about food safety and driven food safety
standards to ever greater complexity;

2. reputation: just like any other asset, fresh produce companies need to manage
their reputation to be able to retain existing customers and expand into new
markets. Because consumers and investors trust and value a company’s name
and image, any damage to reputation can lead to loss of market share and have
a long-term effect on consumer behavior;
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3. sustainability: companies are driven by the need to ensure sustainable supply
and sustainable markets. They want to know that they can rely on producers to
continually supply high-quality produce without being threatened by environ-
mental degradation or conflict.

C. Demand for healthful and convenient fresh produce

One of the most exciting scientific discoveries in the last two decades has been evi-
dence of the protective effects of a group of nutrients against cell oxidation (see
Chapter 5). Fruits and vegetables contain naturally occurring compounds that impart
bright color to them and act as antioxidants in the human body by scavenging harm-
ful free radicals, which have been implicated in most degenerative diseases (Kaur and
Kapoor, 2001). Many epidemiological and human intervention studies have shown
positive correlations between the intake of fruit and vegetables and the prevention of
diseases, such as cardiovascular disease and several forms of cancer (Steinmetz and
Potter, 1996; Ness and Powles, 1997; Joseph et al., 1999; Wargovich, 2000; Southon,
2000; Prior and Cao, 2000; Cuthbertson, 2002; Hyson, 2002; Kalt, 2002; Goldberg,
2003; Desjardins, 2007). Potter (1997) concluded that fruit and vegetables provide
the best polypharmacy against the development of malignancy in tissues. Overall,
epidemiological evidence linking increasing consumption of fresh fruit and vegeta-
bles to higher protection against cardiovascular diseases, cancer and other human
health problems have been attributed mainly to their content of beneficial bioactive
compounds, such as vitamins, phenolic compounds, lycopene and other carotenoids,
which act as antioxidants.

With rapid changes in lifestyles associated with rising income, and growing middle
class populations in both developed and developing countries, people are spending less
time preparing meals, thereby driving the upsurge in demand for “convenient” foods,
including fresh-cut produce (see Chapters 3 and 10). Consumer demand for fresh-cut
fruits and vegetables has continued to grow due, mainly, to increasing rising consumer
health consciousness and public interest in the role of food in maintaining and improv-
ing overall human well-being (Allende et al., 2006). Fresh-cut products help remove
the barrier of inconvenience of eating fruit and vegetables. The global fresh-cut
market (see also Chapter 10) is expanding, and poses new quality management chal-
lenges for safety and traceability beyond current practices for whole produce.

While research scientists continue to document more evidence linking fresh pro-
duce consumption to human health status, especially the incidence of cardiovascu-
lar and degenerative diseases, the impact of issues related to human health on fresh
produce trade and promotion can be expected to increase in importance in the
medium- to long-term. In the meantime, however, most suppliers understand and
compete mainly on produce attributes, such as taste, versatility and convenience
(Opara, 2000b). While these are undeniably of major importance in an increasingly
competitive food market, supply chain managers must also position themselves to be
able to differentiate and manage their fresh produce to meet the needs and expecta-
tions of the growing consumer demand for healthy produce.
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D. Ethical commerce and ethical consumerism

According to Coles and Harris (2006), the concept of ethical consumerism has
emerged over the past 15 years to describe actions taken by individuals seeking to
actively support products according to their perceived ethical credentials. Related
to consumer concern for sustainability of the human food production system
with regard to its deleterious impacts on the environment, ethical consumerism is
now a growing phenomenon (Shaw and Clark, 1999; Auger et al., 2000; Carrigan
and Attalla, 2001), and it has become a major driver of a diverse range of ethical
approaches to fresh produce trade. Alternative approaches, such as fair-trade, con-
servation-driven trade and trade in organic produce, started as market niches, but
are making their presence felt in the mainstream commercial fresh produce market
(Beard, 2005; Coles and Harris, 2006; Fairtrade Foundation, 2008). Changing con-
sumer attitudes and approaches to buying and consuming fresh produce have made
retailers, mainly supermarkets, adopt and implement a wide range of standards
and codes of practice to segregate and promote their products. Such standards will
have major implications on the way in which fresh produce is grown, handled and
distributed. In response to increasing consumer awareness of the ethical choices they
can exercise when purchasing produce, supply chain managers, as well as exporters,
need to take into account the increasing importance that consumers attach to ethical
choice in their purchasing behavior. Such responses may involve turning consumers’
ethical trends into new opportunities for fresh produce business. Integrated quality
management systems are necessary to segregate produce from a wide range of pro-
duction systems to meet the ethical choices exercised by consumers.

E. Contract farming and multiple sourcing

Successful supply chain management of fresh produce requires adequate, reliable
and timely inflow and outflow of top quality products from point of production to the
end-user. This is a particularly challenging task given the huge variability in produce
quality attributes and yield, even within the same production site, across different
locations or seasons (see Chapter 11). To meet the seemingly insatiable consumer
demand for a steady supply of diverse types of produce, supply chain operators, such
as supermarkets, adopt a wide range of category management practices, including
sourcing from diverse areas. While this measure contributes to the availability of
large quantities of produce in the market, it does pose additional challenges for qual-
ity management, including unreliable suppliers, unpredictable quantity and quality,
and seasonality of production.

Contract farming helps to address some of these issues. To be successful,
however, the contractor must invest in training and appropriate quality management
systems down the supply chain to assist the growers, who often lack knowledge of
basic good agricultural practices (GAP) and record keeping necessary to ensure
quality and safe produce. The case for investment in quality management systems
in the fresh produce supply chain is illustrated by the success and difficulties faced
by the Carrefour’s quality line (CQL) produce quality management system in China
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(Hu and Dandan, 2007). Small-scale farmers account for more than 90% of total
agricultural population in China, cultivating an average 0.4 hectares. Carrefour
works only with large-scale farmers for “management convenience,” presumably due
to higher transaction costs and risks related to purchasing, quality and safety man-
agement of produce from small-scale farmers.

Ill. Meaning, perspectives and
orientations of quality

A. What is quality?

“Quality is an unusual slippery context, easy to visualize but exasperatingly
difficult to define.”
(Garvin, 1988)

Quality is a dynamic concept and has several elements related to agreed specifi-
cations, performance and consumer perceptions (Garvin, 1984a). A quality product
(or service) will consistently meet the continuously negotiated expectations of
customers and other stakeholders in a way that represents value for all involved
(Kruithof and Ryall, 1994). The quality of fresh agricultural produce is assessed
from the relative values of several attributes which, considered together, determine
the acceptability of the produce to the buyer, and ultimately the consumer (see also
Chapters 4 and 17). These attributes may be perceptible by the senses (firmness,
color, flavor), as well as imperceptible (organics/naturalness, genetically modified
plants, safety, cultural attitudes).

Buyers perceive that the products of certain suppliers are significantly higher
in quality than those of their competition, and they buy accordingly (Feigenbaum,
1983). Quality and excellence are related to consumer perception of the product and
its safety. The lack of quality as related to safety, health and wholesomeness can result
in personal injury, sickness, or even death (Tybor et al., 1988). Consequently, quality
has become the single most important force leading to business success in markets.

Given the multiple steps in the industrial supply chain of modern business, and
the associated stakeholder interests and roles, many have their preferred definitions
of quality (see also Chapters 2, 4, 9 and 11). Quality as a goal should be formulated
from the perspective of the consumer; thus, the expression “quality” requires a com-
parison of the criteria with reality. Several experts have proposed brief definitions of
quality: “conformance to requirements” (Crosby, 1979), “fitness for purpose” (Juran,
1988), “the sum of the attributes or properties that describe the product” (McDermott
and Cound, 1971), “conformance to a customer’s price-limited need” (Groocock,
1986), “conformance to a customer’s price-limited anticipated needs” (Lidror and
Prussia, 1990), and other analogous definitions.

A definition of quality was formulated by the International Organization for
Standardization (ISO) in Europe; “Quality is the degree in which the whole of char-
acteristics of a product meets the requirements that spring from the goal of use.”



lll. Meaning, perspectives and orientations of quality 161

ISO9000:2000 takes a broader and more generalized view of quality, emphasizing
the “customer and other interested parties.” It defines quality as the “degree to which
a set of inherent characteristics fulfils requirements.” According to the glossary of the
European Organization for Quality Control (Lasztity, 2004), quality may be defined
as: “The totality of features and characteristics of a product or service that bear on
its ability to satisfy a given need.” More simply, quality may be defined as fitness for
purpose. In the case of food products, such as fruit and vegetables, quality primarily
involves safety, nutritive value and acceptance. The International Quality Association
(IQA) draws attention to the numerous definitions of quality on its website (Www.
iqa.org), demonstrating the difficulty of naming quality, and in the end, it opts for a
customer focus of quality.

Following a critical review of historical conceptions and definitions of quality,
Straker (2001a,b) argued that quality must be viewed as a game involving many
players, where success depends on understanding and mapping the processes of the
game beyond current main focus on customer and products. The author proposed a
somewhat unifying systems definition of quality: “quality means understanding and
optimizing the whole system of value exchange.” Thus, success in quality (i.e. mak-
ing the game work) requires action on the words: understanding, optimizing, system,
value and exchange. According to Straker (2001a), it means understanding how
things truly work, both individually and as systems; it means understanding people,
what they value and how they effectively trade with others; and it means working
out how these imperfect systems can be optimized so businesses continue to thrive.
Optimizing means making compromises, but we now have a wide range of new
and emerging postharvest technologies to manage product quality and control and
manipulate the postharvest environment and other related compromises.

The foregoing discussion shows that the perception of “quality” is an almost
impossible and elusive term to define, and this difficulty is not confined to agribus-
iness. Just as we know a good room when we use one, but cannot define exactly
what makes it good, we can name its attributes of quality, but cannot define quality
itself. Our perception of the same “good quality” room will also depend on whether
we used it for rest or study. Hence, one way to find a good definition of anything
is to take a broader view, by considering the different perspectives and orientations
of quality, and understanding the elements of quality, such as product attributes and
standards, as discussed in the following sections.

B. Perspectives and orientations of quality

As a result of socioeconomic changes affecting consumer and agribusiness organi-
zations, the concept of food quality is continuously evolving, even in the same
region or country, not to mention the big differences between countries with differ-
ent climatic conditions and levels of industrial development. Thus, the term quality
encapsulates something different for various stakeholders in the food supply chain,
including growers, distributors, marketers and consumers. From the perspective of
the processed food industry that manufacture items from raw agricultural produce,
there are two most important requirements: (a) is the produce (raw material) suitable
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for manufacture of a food product, which meets the demands of the consumer? If
yes, to what extent? And (b) does the raw material correspond to the requirements of
up-to-date processing and handling technology at commercially reasonable costs?
From the perspective of the food producer/consumer, quality will include the follow-
ing requirements:

e to what extent does a product meet the demands of a given group of
consumers?

o what is the generally accepted “goodness” of the product, or to what extent
does the food correspond to regulations?

o 1is the product preferred, and to what extent, in comparison with other products,
does it belong to the same category?

o which specific attributes make it preferable?

Hence, satisfactory food product quality means meeting and exceeding the
requirements of the end-user. At its very basic level, quality answers two questions:
“What is wanted?” and “How do we achieve it?” While the first question appears
straightforward as it focuses on the product, the main area of considerable debate has
always been on the processes and systems that influence quality.

In an interpretative review of perspectives and orientations of quality, Shewfelt
(1999) argued that product quality is often defined from a product or consumer (end-
user) orientation, and that a combination of product attributes constitute quality. The
consumer’s perception and response to those attributes is referred to as acceptability.
On the basis of this differentiation, the “product” orientation of quality focuses on
product specifications and attributes which are objectively quantifiable, such as size,
shape, sweetness, color and texture, while the “consumer” orientation views quality
from the perspective of meeting the expectations of the end-user. Thus, for example,
an apple cultivar with large size fruit and high sugar content may be viewed as hav-
ing “higher” or “better”” quality from a product perspective, while a consumer market
segment, such as business and first class airline passengers, may prefer apples that
are smaller in size and less sweet. In the same way, fruit destined for fresh market
consumption will have different desirable quality attributes in comparison to those
destined for food processing plants. In agri-food business, therefore, quality is not
simply a degree of excellence, peculiar character, or distinguishing attribute, as often
defined. Quality as a goal should be formulated from the perspective of the consumer.
Thus, the expression “quality” requires a comparison of the criteria with reality.

However, following a review of Shewfelt (1999) and other related literature, Abbot
(1999) stated that the components of quality attributes vary with the context of
space and time in the supply chain, and argued that the concept of quality encom-
passes both perception and acceptability. In recent times, there has been considerable
research interest in the application of consumer science towards better understanding
of fruit acceptance (Alavoine et al., 1990; Crisosto et al., 2003; Harker et al., 2003a,b;
Jaeger et al., 2005; Opara et al., 2007) and other types of fresh food (Radman
et al., 2005).

In summary, most postharvest researchers, producers and handlers view qual-
ity from a product orientation in terms of specific attributes of the product itself,
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such as vitamin C content, sugar content, firmness, acidity, or color. On the other
hand, consumers, marketers and economists are more likely to be consumer-oriented,
and describe quality in terms of what the consumer wants and needs (Shewfelt,
1999). While the decision of consumers at the point of purchase of fresh produce is
normally based on appearance and textural quality, their repeat purchases depend
largely upon their satisfaction with flavor (taste and aroma) and total experience
with the product. Consumers are also interested in the health-promoting attributes
(e.g. the antioxidant content) and nutritional quality (e.g. fiber content) of fresh
produce (Kader, 1988).

C. Product quality attributes

The quality of food may be described by the determination of physical, chemical,
technological, microbiological and organoleptic properties. These properties allow
objective measurement and, by evaluation of this data, the determination of qual-
ity. Nevertheless, it should be mentioned that there are some additional factors, in
many cases independent from the characteristics of food products, which influence
consumer preferences; for example, price, conditions of sale, origin and product
reputation.

Quality attributes should be expressed quantitatively in measurable terms and
evaluated objectively. Quality of design or development is the cumulative of product
characteristics or a measure of how well the product achieves its expected purpose.
Quality of conformance is a realization of the quality of design. Quality attributes
of fresh produce include appearance (size, shape, color, gloss, and freedom from
defects and decay), texture (firmness, crispness, juiciness, mealiness and tough-
ness), flavor (sweetness, sourness or acidity, astringency, aroma and off-flavors), and
nutritive value (vitamins, minerals, dietary fiber, phytonutrients) (Kader, 2001).
The relative importance of each quality attribute varies with the type of produce and
end-use (Kader, 1992).

There are a wide range of objective instruments for sensing and measuring the
quality attributes of fresh produce, including texture, appearance, volatiles and other
chemical constituents (Abbott, 1999; Nguyen et al., 2000; Opara, 2000a). Some
measuring devices are destructive (required penetration or removal of tissue), while
others are non-destructive, and the choice of any method or combination of meth-
ods depends on type of produce, cost and availability of the device. While most
commercial packing houses adopt automatic sorting (see Chapters 14 and 15) of
produce, based on size (mass), the u