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STATEMENT OF THE PROBLEM:

Traditional postharvest approaches for vegetables and fruits (produce) are not sufficient to meet consumer demands for fresh-cut produce because of the increased perishability of these products.  Dietary guidelines recommending the consumption of more produce will not be realized if consumer dissatisfaction with produce quality (appearance, flavor, and texture) limits vegetable and fruit consumption.  Assuring freedom from spoilage and food poisoning microorganisms is also critical to continued consumption of adequate amounts of produce.  Fresh-cut produce can help increase the consumption of fresh produce due to its convenience and attractive appearance and flavor.  Development of novel approaches for assuring the quality and safety of fresh-cut produce depends on a better understanding of fresh-cut vegetable and fruit physiology, including nutrients and other functional components as affected by storage and handling.

JUSTIFICATION:

Overview.  Fresh-cut vegetables and fruits are a relatively new and rapidly developing part of the U.S. fresh produce industry.  Farm income in 1996 from fresh vegetables and fruits was about $26 billion and consumer expenditures for fresh produce totaled about $70 billion (US Dept. of Comm., 1998).  Industry estimates in the U.S. indicate that fresh-cut items currently account for over 10% of the U.S. fresh vegetable and fruit market (>$8 billion) and sales are projected to increase to $19 billion by 2003 (Greenleaf, 1999).  No estimates for postharvest losses of fresh-cut produce are available, but an earlier estimate (Pierson et al., 1982) of from 9 to over 16% losses of all fresh produce is likely to be conservative given the added perishability of fresh-cut compared to intact produce.  Using these percentages, the retail value of fresh-cut produce losses may total over $750 million annually.

Growing evidence suggests that increasing dietary consumption of vegetables and fruits has a long-term health benefit, and may prevent or reduce the risk of some chronic diseases.  For example, certain naturally occurring polyphenols (or flavonoids) seem to function via one or more biochemical mechanisms to interfere with, or prevent, carcinogenesis. Collectively, vitamin C, vitamin E and -carotene are referred to as the antioxidant vitamins, even though -carotene is not, strictly speaking, a vitamin but a provitamin A (Elliott, 1999).  These vitamins are known to prevent the oxidation caused by free radicals that lead to damage to cells and DNA and many degenerative diseases.  Vitamin C and -carotene act as singlet oxygen scavengers. In addition, several other carotenoids such as lycopene, lutein, and zeaxanthin are known to exhibit antioxidant properties.  Since vegetables and fruits in our diet are the major sources of these important antioxidants, maximum utilization through proper fresh-cut processing of vegetables and fruits is highly desirable.  The attractiveness and convenience of fresh-cut vegetables and fruits are helping to bring about increased consumption of fresh produce, but these benefits are offset by the rapid deterioration/short shelf-life of the products in the marketplace and the potential health hazards associated with spoilage.  Understanding the physiology of fresh-cut vegetables and fruits is essential for ensuring their wholesomeness and nutritional value, and for developing the most effective handling procedures and innovative, new technologies for maintaining their quality to meet increasing consumer demand.
Information developed in this project leading to improved shelf-life and maintenance of quality and nutritional value in fresh-cut produce will help to ensure the sustained growth of this new segment of the U.S. market for fresh produce.  To date, the industry has relied on established technologies derived mainly from empirical data to provide some control of product deterioration.  These technologies are barely adequate to supply high quality product to the domestic market as evidenced by the trend of national fresh-cut processors establishing regional processing facilities rather than shipping their product cross-country.  The current practices are thus obviously insufficient to consistently supply export markets.  Increasing the storage life of fresh-cut produce by developing new techniques for slowing the rate of deterioration would greatly expand the opportunities for the industry to supply high quality fresh-cut vegetables and fruits to local and export markets.  However, such techniques should not suppress growth of microorganisms causing spoilage while at the same time create a niche for the growth of human pathogens that might be present on vegetables and fruits.

Research results from this project will be used by fresh-cut vegetable and fruit growers and processors to directly improve their handling and processing, develop new techniques and, potentially, for selection of new plant material developed specifically for these products.  Seed companies are already responding to the needs of the fresh-cut industry, developing cultivars with improved consumer appeal (color, taste, shape; Anon., 1995).  Improved quality and shelf-life of fresh-cut produce are also likely to result in improved nutritional benefits to consumers.  Fresh-cut produce is essentially purposely wounded plant tissue that must then be maintained in a viable, fresh state for extended periods of time.  Because of this unique situation, the results of this research will contribute much new and detailed scientific information regarding wound physiology in diverse plant tissues and the effects of wound stress on the nutritional value of plant foods.

Problem.  Fresh-cut vegetable and fruit products differ from traditional, intact vegetables and fruits in terms of their physiology and their handling requirements.  Fresh-cut vegetables deteriorate faster than intact produce (Cantwell, 1995).  This is a direct result of the wounding associated with processing, which leads to a number of physical and physiological changes affecting the viability and quality of the produce (Brecht, 1995; Saltveit, 1997).  The visual symptoms of deterioration of fresh-cut produce include flaccidity from loss of water, changes in color (especially increased oxidative browning at the cut surfaces), and microbial contamination (Brecht, 1995; King and Bolin, 1989; Varoquaux and Wiley, 1994).  Nutrient losses may also be accelerated when plant tissues are wounded (Klein, 1987).  Little information is available concerning the retention of vitamins and minerals, and other nutritive components in fresh-cut produce during handling, storage, and senescence.

Wounding induces signals that elicit physiological and biochemical responses in both adjacent and distant tissues (Ke and Saltveit, 1989; Saltveit, 1997).  The earliest physiological responses to wounding include a transient increase in ethylene production and an enhanced rate of respiration, which may be interlinked with the wound healing response of the tissue (Abeles et al., 1992; Brecht, 1995).  Ethylene can in turn stimulate other physiological processes, resulting in accelerated membrane deterioration, loss of vitamin C and chlorophyll, abscission, toughening, and undesirable flavor changes in a range of horticultural crops (reviewed by Kader, 1985).  Wounding can also directly compromise flavor and aroma volatile production (Moretti et al., 1997a,b).  Wounding plant tissues makes them more susceptible to attack by plant pathogenic microorganisms and possibly more conducive to survival and growth of food poisoning microorganisms.  In order to develop treatments and handling practices for fresh-cut produce that minimize these negative consequences of wounding it is necessary to understand the basic biological processes underlying the plant responses.  In this way, more effective approaches that are more widely applicable to different fresh-cut products may be more quickly developed.

An integrated approach to quality changes in fresh-cut produce is proposed.  Critical areas have been identified as missing links in our overall knowledge of fresh-cut quality.  To ensure that the consumer is buying fresh-cut produce that meets their nutritional expectations, we need a better understanding of the effects of fresh-cut processing on nutrient content.  Although modified atmosphere packaging (MAP) and gamma irradiation are promising techniques for extending shelf-life by maintaining appearance, little is known about how flavor and texture of packaged fresh-cut produce changes relative to changes in appearance.  Many degradative reactions associated with quality loss in vegetables and fruits are linked to degradation of cell walls and membranes, but few studies attempt to investigate the interaction of these components in the etiology of postharvest physiological disorders.  Likewise, flavor and color attributes interact to frame perception of food quality in the mind of the consumer, but few attempts have been made to study these interactions.

There are three primary areas where research in fresh-cut produce should be focused: 1) Although the effects of heat preservation and freezing on loss of nutrients in vegetables and fruits are well documented, little is known about such losses in fresh-cut produce.  2) Emerging postharvest technologies for extending the storage quality of fresh-cut produce are introduced at a rate that often precludes thorough evaluation of market and sensory quality attributes and microbial growth.  3) Knowledge of how various pre- and postharvest factors affect fresh-cut produce quality through changes in phytohormone levels or tissue sensitivity, cell walls, cell membranes, and key metabolic enzymes is largely unavailable.

This research broadly supports the goals of the Food Safety and Quality National Initiative.  It also is in line with the Southern Strategic Research Plan of the SAAESD (rev. 1996), especially the Processes and Products Research Program area, which recognizes that the “…major economic activity from agriculture results from processing and adding value to (the) raw products” and encourages initiatives undertaken “…to stimulate the investment or reinvestment in post-harvest processing through development of new knowledge and policy options.”

Need for a cooperative approach.  A concerted effort is required to reach a better understanding of the basic mechanisms of wound responses in fresh-cut produce in order to most effectively approach the development of treatments and handling practices that minimize the negative consequences of fresh-cut processing.  The raw product used in fresh-cut processing is not produced exclusively in any one region, nor is the processing accomplished exclusively in any one region.  Thus, research and extension programs related to fresh-cut produce have begun to be established at a number of institutions.  Well over 100 different vegetables and fruits are or may potentially be prepared as fresh-cut products.  In addition, there are many different approaches that may be taken to maintain fresh-cut produce quality.  Thus, there is an obvious need for coordination and collaboration among the food scientists, postharvest physiologists, plant pathologists, and microbiologists working in this field if duplication of effort is to be avoided and the available time and resources are to be effectively applied.

A long-term goal of this regional research project is to develop a knowledge base on fresh-cut produce quality that integrates nutritional and sensory aspects to provide plant-derived food products that meet or exceed consumer expectations and thus continue to support the increased U.S. consumption of these vital contributors of nutrients in the human diet.  Collaborative and interdependent contributions from contributing institutions will be essential to successfully achieve the objectives.  No current SAES or ARS projects and no regional research projects forge the types of linkages proposed in this project to improve both sensory and nutritional quality of fresh produce.  No other project exists to integrate postharvest quality maintenance and improvement of both vegetables and fruits.

Examples of the types of integrated collaborative work anticipated in this project include: 1) Joint studies of nutritional and sensory quality changes in fresh-cut produce; 2) Coordinated studies of applied approaches that trace changes in appearance quality under defined conditions and basic studies of the fundamental physiological and biochemical basis of quality; and 3) Studies with similar vegetable or fruit tissues that respond differently to stress and to storage and handling practices.  Information regarding ongoing and anticipated research activities that has been compiled during the development of this project form the basis for identifying those participants working on either the same crop(s) or the same or similar problem areas within fresh-cut.  Specific actions to facilitate collaboration among the participants in this project will include, 1) Establishing subcommittees at our inaugural meeting that will evaluate and recommend common protocols to be used within each of the three project objective areas; 2) Coordination of raw product acquisition and distribution to allow participants to use comparable research material (i.e. with regard to growing region, variety, harvest, handling conditions, etc.) in their investigations; and 3) Coordination with industry participants to allow interception of product test samples within the distribution chain for evaluation and analysis by participants in multiple locations.

RELATED CURRENT AND PREVIOUS WORK:

Relationship to other projects:

Vegetable and fruit research has been aimed primarily at crop production.  Identification of new varieties, prevention of crop damage due to disease and pests, and increased yields have been and will continue to be important research objectives.  Greater emphasis is needed on the genetic and preharvest factors that affect postharvest quality.  Such studies are not possible until we have a better understanding of quality itself as perceived and defined by the consumer, those physiological processes within the vegetable or fruit that affect quality, and the proper handling conditions to delay postharvest deterioration.  It is widely agreed upon that future advances in vegetable and fruit quality will come from advances in molecular biology.  Improvements in produce quality by molecular biology, however, can only be coincidental unless, first, quality is adequately defined from a perspective of consumer acceptability (Shewfelt, 1993) and, second, if the research is based on a knowledge of the fundamental plant physiology related to quality.

The knowledge that has developed to date concerning the postharvest physiology and handling requirements of fresh-cut produce indicates that fresh-cut produce behaves differently and thus must be handled differently than the corresponding intact vegetables and fruits.  This means that the knowledge accumulated over many decades regarding the physiology and handling of commercial vegetable and fruit crops must be reexamined and new understanding and information developed for each fresh-cut produce item.  The increased perishability of fresh-cut produce items compared to the corresponding intact crops also forces us to address questions regarding maintenance of nutritional and other aspects of postharvest quality that have not previously been addressed at all for certain crops.

A search of the CRIS database revealed only three active regional research projects related to postharvest handling, quality or processing of vegetables or fruits. Regional Project NC-136, Improvement of Thermal Processes for Food, focuses on optimizing thermal processing and quantifying the physical and biochemical properties of the processed products. It does not address fresh product quality or fresh-cut produce.  Regional Project NE-103, Postharvest Physiology of Fruits, is concerned with evaluating the postharvest requirements of new fruit varieties, developing control treatments for diseases, pests, and disorders, and developing new storage technologies.  It does not address fresh-cut fruit.  Regional Project NE-179, Technology and Principles for Assessing and Retaining Postharvest Quality of Fruits and Vegetables, takes an engineering approach to quality assessment.  Its activities involve methods and machine development for measuring vegetable and fruit properties related to quality and does not address the nutritional aspects of quality or the integration of physiology and quality perception.  It also does not specifically address fresh-cut produce.

The CRIS database also revealed two regional Coordinating Committees with some overlap with this project.  Coordinating Committee WCC-86, Postharvest Technology and Quarantine Treatments for Insect Control in Horticultural Crops, is focused on development of treatments for insect control and the effects of those treatments on produce quality.  Insect quarantine concerns are minimal with fresh-cut products and thus fresh-cut is not addressed by this group.  However, the physical treatments they are developing may in some cases be applicable to fresh-cut products.  Coordinating Committee WCC-AD-HOC2, Integrated Management of Postharvest Diseases of Fresh Fruits and Vegetables, deals with postharvest disease prevention aspects of produce quality but does not integrate sensory and nutritional quality or deal with fresh-cut produce.

There is a Southern Extension/Research Activities Information Exchange Group, SERA-IEG-4, Mechanization and Post-Harvest Technology of Fruits and Vegetables, in the postharvest area, but it deals with postharvest technology and thus does not address the nutritional aspects of postharvest quality or the integration of postharvest physiology and quality perception.
Nutrients and other functional components of fresh-cut vegetables and fruits as affected by storage and handling.
Fresh and processed vegetables and fruits are important dietary sources of vitamin A (retinol) and vitamin C (ascorbic acid) in the human diet.  It has been estimated that 50% of the vitamin A and 90% of the vitamin C in the U.S. diet is supplied by vegetables and fruits (Goddard and Matthews, 1979).  Growing evidence suggests that increasing dietary consumption of vegetables and fruits has long-term health benefits, and may prevent or reduce the risk of some chronic diseases.  Carotenoids, which in addition to being responsible for yellow, orange, and red colors in vegetables and fruits, are converted to vitamin A after ingestion.  Vitamin A is essential for normal growth, reproduction, and resistance to infection, and severe deficiency may lead to irreversible blindness (Tee, 1992).  Carotenoids from vegetables and fruits may have a role in cancer prevention by acting as free radical scavengers or antioxidants (Tee, 1992) and also may have a role in preventing cardiovascular disease (Gaziano and Hennekens, 1993).  Vitamin C has anti-scorbutic properties and enhances the absorption of non-heme iron; it also is a powerful antioxidant.  It may protect against oxidative stress-related disease and degeneration associated with aging, such as coronary heart disease, cataract formation, and cancer (Gershoff, 1993; Sauberlich, 1994).  

Certain naturally occurring polyphenols (or flavonoids) from vegetables and fruits seem to function via one or more biochemical mechanisms to also interfere with, or prevent, carcinogenesis.  For example, flavonoids scavenge free radicals, e.g. superoxide ions (Robak and Gryglewski, 1988), singlet oxygen and lipid peroxyl radicals (Sorat et al., 1982), inhibit lipoxygenase and cyclo-oxygenase (Laughton et al., 1991) as well as lipid peroxidation (Kappus et al., 1979), and also have diverse effects on immune and inflammatory cell functions (Decharneux et al., 1992).  Flavonoids also display anti-hemolytic activity (Nain et al., 1976), inhibit oxidation of low-density lipoprotein (LDL) by macrophages (De Whalley et al., 1990), and prevent cytotoxicity of oxidized LDL on lymphoid cell lines (Negre-Salvayre and Salvayre, 1992).  In addition, flavonoids have been reported to affect capillary permeability, cellular secretory processes, cell membrane receptors, and carriers (Negre-Salvayre and Salvayre, 1992).  Mutagenic, antiviral, antibacterial, and antifungal properties of flavonoids have also been demonstrated (Sichel et al., 1991).  Flavonoids in regularly consumed foods may reduce the risk of coronary heart disease in the elderly (Hertog et al., 1993).  In a comparison of the antioxidant properties of carotenoids and phenolics in peaches, the phenolic compounds chlorogenic acid, procyanidin b1, and rutin were found to be more effective in preventing human low-density lipoprotein and liposome oxidation (Barrett and Garcia, 1996; Chang et al., 1999).  All these findings have spurred research interest in recent years on phytochemicals in fresh vegetables and fruits, and their products.

Little is known of the effects of fresh-cut preparation, handling, and treatments such as MAP on the nutritional quality of fresh-cut vegetables and fruits.  In reviews on the subject, it has been conjectured that nutritional levels, especially of vitamin C, would be lower in fresh-cut than in intact vegetables and fruits (Klein, 1987; McCarthy and Matthews, 1994).  In their role as antioxidants and free radical scavengers, vitamins A and C and phenolic compounds could be inactivated as a result of wounding via exposure of interior tissues to light and air, enzymatic or chemical (low pH) degradation in disrupted tissue, reaction with the products of lipid oxidation, wound ethylene, or exposure to chlorine used for sanitation (Park and Lee, 1995; Wright and Kader, 1997a, b).  Loss of vitamin C is also accelerated by water loss (Barth et al., 1990; Nunes et al., 1998) and its relative stability or degradation is highly dependent on temperature and commodity type (Klein, 1987).

Some treatments have been shown to help maintain higher vitamin A and C levels in a few fresh-cut vegetables and fruits.  Modified atmospheres (reduced O2 +/- elevated CO2) helped to maintain higher levels of vitamins A and C in fresh-cut broccoli (Barth, et al., 1993; Barth and Zhuang, 1996; Paradis et al., 1996) and jalapeno pepper (Howard and Hernandez-Brenes, 1998), but had little effect on vitamin A in peach and persimmon slices (Wright and Kader, 1997a) or vitamin C in persimmon and strawberry slices (Wright and Kader, 1997b).  Extreme CO2 concentrations (>20%) may actually cause greater vitamin C degradation (Agar et al., 1997; Wang, 1983) while certain CO2 levels may induce vitamin A increases (Weichmann, 1986).  Elevated CO2 caused levels of the phenolic pigment anthocyanin to decrease in strawberries (Gil et al., 1997).  There was no effect of MAP on flavonoids in Swiss chard but vitamin C degradation was increased (Gil et al., 1998b) while MAP caused decreases in flavonoids in ‘Lollo Rosso’ lettuce (Gil et al., 1998a).  Fresh-cut carrots with cellulose-based edible coatings retained greater vitamin A levels during storage in one study (Li and Barth, 1998) but another coating had no effect (Howard and Dewi, 1996).

Levels of vitamins A and C in fresh-cut vegetables and fruit after preparation and during handling and storage in comparison to intact tissues are known for only a few fresh-cut products.  Some phenolic compounds in vegetables and fruits have been identified, but most of the data is very limited either to a single commodity of fruits or vegetables or to certain specific foods.  Also, there have been limited reports on antioxidant activity of fresh vegetables and fruits.  With recent increasing demand for fresh and fresh-cut vegetables and fruits, there is a need for information related to biologically active components in fresh and fresh-cut vegetable and fruit products.

Novel approaches for assuring the quality and safety of fresh-cut vegetables and fruits.

The study of fresh-cut produce handling has been confined to the last two decades.  Early studies showed the effects of knives used for cutting on the stability of cut lettuce (Bolin et al., 1977).  Early terminology referred to minimal processing, which was described as “handling, preparation, packaging and distribution of agricultural commodities in a fresh-like state” (Shewfelt, 1987).  The term has evolved into “lightly processed” (Huxsoll et al., 1989; Abe and Watada, 1991) and now “fresh-cut” is currently accepted (Watada et al., 1996).  Early research and commercial success focused on fresh-cut salad vegetables (Garg et al., 1990; Bolin and Huxsoll, 1991; Howard et al., 1994) with a primary emphasis on MAP to slow respiration and decay (Cameron et al., 1995).  More recent research and commercial emphasis is focusing on fresh-cut fruits and melons (Cartaxo et al., 1997; Gorny et al., 1998; Hong and Gross, 1998; Kim et al., 1993; O’Connor-Shaw et al., 1994; 1996; Portela and Cantwell, 1998;).  Some challenges associated with development of fresh-cut fruit products include within-fruit tissue variability and dramatic ripening-related textural changes.  In addition to the above, the delicate flavors of fresh fruits suggest that the commercialization of fresh-cut fruits will be more difficult than that of fresh-cut vegetables (Gorny et al., 1998).

Modified and controlled atmospheres help maintain quality and extend storage life by inhibiting metabolic activity, decay, browning (Gunes and Lee, 1997), and especially by inhibiting ethylene biosynthesis and action (Kader, 1986; Kader et al., 1989; Mathooko, 1996).  The most common atmospheres consist of reduced O2 and elevated CO2 levels.  Carbon monoxide is also sometimes included for inhibition of browning and microorganism growth.  Modified atmosphere packaging is widely used for fresh-cut vegetables and fruits.  Semipermeable plastic films are chosen for MAP so that the film permeability and product respiration can combine to produce a desirable steady state atmosphere within the package (Kader et al., 1989).  Undesirable atmospheres can lead to reduced quality due to off-flavor and discoloration (Mateos et al., 1993).  Vegetable and fruit tolerance of reduced O2 and elevated CO2 levels is related to (primarily) skin resistance to gas diffusion (Park et al., 1993; Theologis and Laties, 1982).  This has necessitated a wholesale reevaluation of the optimum atmospheres for fresh-cut vegetables and fruits (Gorny, 1997).  Because of the relative perishability of fresh-cut products, the atmosphere in the MAP is often actively established, either by flushing with the desired atmosphere or by pulling a slight vacuum and then injecting a desired gas mixture.  Novel approaches such as chemical disinfection (Hong and Gross, 1998; Sapers and Simmons, 1998), edible coatings (Baldwin et al., 1995a;b; 1996; Howard and Dewi, 1996; Li and Barth, 1998), natural plant products (Buta et al., 1999; Kato-Noguchi and Watada, 1997; Leepipattanawit et al., 1997), ethylene absorbents (Abe and Watada, 1991), gamma irradiation (Chervin and Boisseau, 1994; Hagenmaier and Baker, 1997), heat shock (Loaiza-Velarde et al., 1997), microbial competition (Liao, 1989; Breidt and Fleming, 1997), nonthermal physical treatments (Hoover, 1997), and pulsed-microwave irradiation (Shin and Pyun, 1997) have been studied as potential alternatives or adjuncts to MAP.

Important considerations in quality of fresh-cut items include a consistent and fresh appearance, acceptable texture, characteristic flavor, and sufficient shelf-life to survive the distribution system (Shewfelt, 1987; Schlimme, 1995; Watada et al., 1996).  Microbial decay is the major source of spoilage of fresh-cut produce (Brackett, 1994; Babic et al., 1996a; Robbs et al., 1996), since washing and chlorinated water dips only partially remove the microorganisms intrinsic to produce (Garg et al., 1990).  Enzymatic browning represents a major challenge in fresh-cut fruits (Kim et al., 1993; Sapers and Miller, 1998; Weller et al., 1997).  Application of aqueous solutions of calcium salts can help maintain fresh-cut tissue firmness (Izumi and Watada, 1995).  Although calcium chloride has been most commonly used for this purpose, it has recently been shown that calcium lactate is as effective without imparting a bitter flavor as calcium chloride can at higher concentrations (Luna-Guzman et al., 1999).  Factors affecting quality include preharvest growth and cultural factors (Romig, 1995), cultivar (Kim et al., 1993; Romig, 1995), maturity at harvest (Gorny et al., 1998), physiological status of the raw material (Brecht, 1995), postharvest handling and storage (Watada et al., 1996), processing technique (Bolin et al., 1977; Garg et al., 1990; Howard et al., 1994; Wright and Kader, 1997b), sanitation (Hurst, 1995), packaging (Solomos, 1994; Cameron et al., 1995) or storage (Lange and Kader, 1997a,b; Wright and Kader, 1997a) conditions, and marketing decisions (Schlimme, 1995).  Quality of intact vegetables and fruits emphasizes maintenance of appearance, at times sacrificing flavor and texture (Sapers et al., 1997).  Cutting of produce removes the natural protection of the epidermis and destroys the internal compartmentation that protects enzymes from substrates.  The consequences of cutting of vegetables appear to be less severe than the cutting of fruits (Solomos, 1994; Brecht, 1995).

A major consideration in safety has been identified as inoculation of the nutrient-rich flesh of vegetables and fruits with human pathogens from the surface tissues, which are less conducive to growth and development than internal tissues.  In addition, the elimination of spoilage microbes without elimination of human pathogens can extend shelf-life of a fresh-cut product to the point that safety is compromised (Brackett, 1994).  There has been a remarkable safety record associated with fresh, intact produce.  Factors that increase microbial growth upon cutting include temperature, relative humidity, and gas composition of the environment (Babic and Watada, 1996b), as well as the pH and nutrient composition of the product (Breidt and Fleming, 1997).  Safety must be of primary concern in any fresh-cut product.  It has been established that Clostridium botulinum can grow on romaine lettuce and shredded cabbage in pouches (Petran et al., 1995), and Escherichia coli 0157:H7 on fresh-cut apple tissue (Janisiewicz, et al., 1999), while Listeria monocytogenes has been cultured on fresh-cut vegetables (Babic et al., 1997; Farber et al., 1998; Juneja, et al., 1998; Zhang and Farber, 1996).  When vegetables were co-inoculated with a plant pathogen, Erwinia carotovora, and a human pathogen, Salmonella, the Salmonella grew 3 to 10 times faster than when it was the only inoculum, suggesting potential synergism between plant and human pathogens (Wells and Butterfield, 1997).

In any approach to studying quality or safety of fresh-cut produce, the two concepts must be integrated.  Increased convenience and consumer desires for fresh rather than traditionally processed items have driven sales of fresh-cut vegetables while compromising safety of the products.  Likewise any technique focused solely on improving safety that results in products unacceptable to the consumer is doomed to failure.

Physiology of fresh-cut vegetables and fruits in response to processing and during storage and handling.

The physiology of fresh-cut vegetables and fruits is essentially the physiology of wounded tissue.  This type of processing, involving abrasion, peeling, slicing, chopping, or shredding, differs from traditional processing in that the tissue remains viable (or "fresh") during subsequent handling.  Thus, the behavior of the tissue is generally typical of that observed in plant tissues that have been wounded or exposed to stress conditions (Brecht, 1995).  This includes increased respiration and ethylene production, and, in some cases, induction of wound-healing processes.  Other consequences of wounding are chemical or physical in nature, such as oxidative browning reactions and lipid oxidation, or enhanced water loss.  Appearance of new RNA and protein species in wounded tissues provides evidence for genomic control of the response.  Reviews of physiological aspects of fresh-cut products include Huxsoll et al. (1989), King and Bolin (1989), Rolle and Chism (1987), Watada et al. (1990), Brecht (1995), and Saltveit (1997).

Many factors may affect the intensity of the wound response in fresh-cut tissues.  Among these are species and variety, stage of physiological maturity, extent of wounding, temperature, oxygen and carbon dioxide concentrations, water vapor pressure, and various inhibitors.  Wounded tissues undergo accelerated deterioration and senescence.  Minimizing the negative consequences of wounding in fresh-cut vegetables and fruits will result in increased shelf-life and greater maintenance of nutritional, appearance, and taste quality in these products.

Consequences of wounding.
Wounding of plant tissues induces elevated ethylene production rates (Abeles et al., 1992), which may accelerate deterioration and senescence in vegetative and nonclimacteric tissues and promote ripening of climacteric fruits.  Ethylene produced by the physical action of cutting was sufficient to accelerate softening of banana and kiwifruit, and chlorophyll loss in spinach but not broccoli (Abe and Watada, 1991).  The level of ethylene has been shown in several vegetables and fruits to increase in proportion to the amount of wounding.  Wounding climacteric fruits may cause increased ethylene production, which can speed up the onset of the climacteric, resulting in different physiological age between intact and sliced tissue (Brecht, 1995; Watada et al., 1990).  Slicing breaker stage tomato fruit increased ethylene production 3 to 4 fold and increased ripening compared to whole fruit (Mencarelli et al., 1989).  Wounding effects differ between climacteric and nonclimacteric fruits also (Rosen and Kader, 1989).  Wound ethylene production is usually greater in preclimacteric and climacteric than postclimacteric tissues (Abeles et al., 1992), and, whereas wound ethylene has no effect on ripening of nonclimacteric fruits, it may advance the ripening of climacteric fruits.

Wounding of plant tissues in the course of preparation of fresh-cut products may cause membrane lipid degradation (Deschene et al., 1991; Picchioni et al., 1994; Rolle and Chism, 1987; Zhuang et al., 1997).  Extensive enzymatic degradation occurs in damaged membrane systems, causing loss of lipid components and loss of compartmentation of enzymes and substrates (Marangoni et al., 1996).  The ethylene produced upon wounding may play a role in this process by increasing the permeability of membranes and reducing phospholipid biosynthesis (Watada et al., 1990).  The enzymatic reactions catalyzed by lipid acyl hydrolases and phospholipase D produce free fatty acids from the membrane lipids (Picchioni et al., 1994).  These free fatty acids are toxic to many cellular processes and are capable of causing organelle lysis, and binding to and inactivating proteins.  Lipoxygenase catalyzes the peroxidation of di- and tri-enolic fatty acids to form conjugated hydroperoxides, resulting in the generation of free radicals, which can attack intact membranes, causing further membrane disruption. Lipoxygenase activity is also involved in the production of desirable and undesirable aroma volatiles (Mazliak, 1983).  Calcium is thought to stabilize membrane systems and maintain cell wall structure in vegetables and fruits (Poovaiah, 1986).  Calcium has been shown to reduce ethane production, a marker of lipid peroxidation, in potato tuber disks (Evensen, 1984).  Calcium appeared to both delay senescence-related membrane lipid changes and augment membrane restructuring processes in fresh-cut carrots (Picchioni et al., 1996).  Calcium and a combination treatment of calcium and ascorbic acid were effective in preventing discoloration of fresh-cut apples (Drake and Spayd, 1983; Ponting et al., 1972) and pears (Rosen and Kader, 1989).  Calcium also has been reported to maintain firmness of sliced strawberries and pears (Morris et al., 1985; Rosen and Kader, 1989).

The increase in respiration seen in wounded plant tissues is thought to be a consequence of elevated ethylene, which stimulates respiration.  Breakdown of starch is enhanced, and both the tricarboxylic acid cycle and electron transport chain are activated (Laties, 1978).  The respiratory climacteric may also be affected by wounding.  The respiration rates of fresh-cut vegetables and fruits are generally from a few to over 100% higher than the intact produce (Rosen and Kader, 1989; Varoquaux and Wiley, 1994; Watada et al., 1990; 1996).  However, more extensively damaged tissue, e.g. shredded carrots, can have even greater respiration rates (Varoquaux and Wiley, 1994).  Wound respiration in some plant tissues may be related to alpha-oxidation of fatty acids (Shine and Stumpf, 1974), which oxidizes fatty acids to carbon dioxide and has been shown to be responsible for the carbon dioxide released following slicing of potato tubers (Rolle and Chism, 1987).

Discoloration due to browning and yellowing due to loss of chlorophyll occur in fresh-cut vegetables and fruits as a result of the disruption of compartmentation that occurs when cells are broken, allowing substrates and oxidases to come in contact (Heaton and Marangoni, 1996; Martinez and Whitaker, 1995).  Wounding also induces synthesis of a number of enzymes involved in the browning reactions or substrate biosynthesis (Rolle and Chism, 1987).  Thus, both the relative activities of the oxidases and the concentrations of the substrates (Hansche and Boynton, 1987) can affect the intensity of browning in different tissues and crops.  Oxidative browning at the cut surface may be the limiting factor in storage of many fresh-cut vegetables and fruits.

Phenylalanine ammonia-lyase (PAL) catalyzes the rate-limiting step in phenylpropanoid metabolism (Ke and Saltveit, 1989).  Both ethylene and wounding induce PAL activity in many plant tissues (Abeles et al., 1992; Lopez-Galvez et al., 1996b), but apparently by separate mechanisms.  Ethylene-induced PAL activity is a good predictor of fresh-cut lettuce storage life (Couture et al., 1993).  Investigations utilizing inhibitors of either ethylene synthesis (AVG) or action (STS or 2,5-norbornadiene) have shown that ethylene alone does not control induction of PAL in winter squash (Hyodo and Fujinami, 1989) or iceberg lettuce (Ke and Saltveit, 1989).  Browning occurs when the products of phenylpropanoid metabolism, such as various phenolic and possibly other substrates (e.g. anthocyanins) are oxidized in reactions catalyzed by phenolases such as polyphenoloxidase (PPO) or peroxidases (Hanson and Havir, 1979; Martinez and Whitaker, 1995).

Wound healing

While the physiological processes discussed thus far all probably have as their biological role the ultimate sealing of the site of injury, the phrase 'wound healing' generally is used to refer to the production and deposition of suberin and lignin in the walls of cells at the wound site (Dixon and Paiva, 1995; Dyer et al., 1989), possibly followed by cell division beneath the suberized layer to form a wound periderm (Burton, 1982).  This cell wall crosslinking by phenolic compounds has been proposed to be potentially exploitable for improving texture stability in processed plant foods (Waldron et al., 1997).  The first visually observed change at the cut surface of plant tissue is desiccation of the first layer of broken cells and one to a few additional subtending layers of cells.  Suberization of the next layers of cells occurs in many tissues, including potato and yam tubers, sweetpotato and carrot roots, bean pods, and tomato and cucumber pericarp (Kolattukudy, 1984; Walter et al., 1990).

The environment surrounding the tissue influences both suberization and the formation of a wound periderm.  Wigginton (1974) reported that suberization of potato tubers can take 3-6 weeks at 5C, 1-2 weeks at 10C, and 3-6 days at 20C, while initiation of the wound periderm requires 4 weeks, 1-2 weeks, and 3-5 days, respectively.  Wound healing of potato at 10C was optimal at 98% relative humidity (RH) and decreased at RH below 90%, but at 20C wound healing was similar at all RH levels above 70%.  Levels of O2 below 10% and CO2 levels above 5% inhibit suberization and periderm formation in potato tubers (Lipton, 1975; Wigginton, 1974).

Plants synthesize an array of secondary compounds in response to wounding (Toivonen, 1997), many of which appear to be related to wound healing or defense against attack by microorganisms and insects (Dixon and Paiva, 1995).  The specific complement of secondary compounds formed depends on the species of plant and the tissue involved.  In certain cases, these compounds may affect the aroma, taste, appearance, nutritive value or safety of fresh-cut products.  Some aroma and taste compounds may be relatively evanescent, resulting in poor flavor after a short period of storage compared to freshly prepared items, while some off odors and flavors may be relatively persistent.  The classes of compounds produced in wounded vegetables and fruits include phenylpropanoid phenolics, polyketide phenolics, flavonoids, terpenoids, alkaloids, tannins, glucosinolates, and long-chain fatty acids and alcohols (Miller, 1992).

Water loss

Plant tissues are in equilibrium with an atmosphere at the same temperature with an RH of 99-99.5% (Burton, 1982).  Any reduction of water vapor pressure in the atmosphere below that in the tissue results in water loss.  In whole organs, the water in the intercellular spaces is not directly exposed to the outside atmosphere.  However, cutting or peeling the fruit or vegetable exposes the interior tissues and drastically increases the rate of evaporation of water.  The difference in rate of water loss between intact and wounded plant surfaces varies from about 5 to 10 fold for organs with lightly suberized surfaces (e.g. carrot and parsnip), 10 to 100 fold for organs with cuticularized surfaces (e.g. spinach leaf, bean pod, and cucumber fruit), to as much as 500 fold for heavily suberized potato tubers (Burton, 1982).

Avoiding desiccation at the cut surface of some fresh-cut products is critical for maintaining acceptable visual appearance.  For example, the development of 'white blush' on the surface of abraded 'baby' carrots, caused by desiccation of cellular remnants on the carrot surface, is the limiting factor in marketing the product despite the use of polymeric film packages.  However, for most lightly processed items, centrifugation or other procedures are recommended for complete water removal or even slight desiccation of the surface (Cantwell, 1992).  This is done primarily to reduce microbial growth.  Desiccation can also induce stress ethylene production in detached vegetables and fruits (Yang, 1985).

OBJECTIVES:

Objective 1: To assess the presence and physiological significance of nutrients and other functional components of fresh-cut vegetables and fruits as affected by storage and handling.

Objective 2: To develop and evaluate novel approaches for assuring the quality and safety of fresh-cut vegetables and fruits.

Objective 3: To develop a better understanding of the physiology of fresh-cut vegetables and fruits in response to processing and during storage and handling.

PROCEDURES:

Objective 1: To assess the presence, physiological significance of nutrients and other functional components of fresh-cut vegetables and fruits as affected by storage and handling.

Research under Objective 1 will include collection of baseline data on the identity and levels of various phytochemicals in vegetables and fruits before and after preparation as fresh-cut products and during storage, with emphasis on fruits and vegetables that are known to contain significant levels of the phytochemicals of interest.  Lee (NY) will identify the flavonoids in different cultivars of apples, grapes, cherries, and other fruits and measure their antioxidant activity. The fruit will be extracted and fractionated for flavonoids using methods published previously (Jaworski and Lee, 1987; Oszmianski and Lee, 1990).  Gel chromatography for the fractionation of phenolics, hydrolysis and TLC methods will also be carried out (Park and Lee, 1996; Lu and Foo, 1997).  Measurement of flavonoid and phenolic antioxidant activity will be based on coupled oxidation of linoleic acid and (-carotene (Lee et al., 1995; Taga et al., 1984). The method estimates the relative ability of the antioxidant substance to scavenge the radical of linoleic acid peroxide (LOO*) that oxidizes (-carotene in the emulsion phase, as compared to standard amounts of (-tocopherol.  The degree of color bleaching of (-carotene during the course of linoleic acid oxidation reaction at 50° C will be measured at 470 nm.  Howard (AR) and Wang (ARS-MD) will investigate the antioxidant capacity of fresh-cut vegetables and fruits as above as well as the mechanisms responsible for antioxidant losses, and treatments such as storage temperatures, heat treatments, coatings, and methyl jasmonate that may improve the tissue antioxidant capacity.  Baldwin (ARS-FL) and Howard (AR) will test edible coatings as carriers for antioxidant chemicals.

A number of the project participants will investigate the effects of fresh-cut preparation and handling procedures on the nutritional quality of fresh-cut vegetables and fruits.  This will include standard colorimetric or chromatographic measurement of the levels of ascorbic acid (vitamin C) and its oxidation products (Baldwin-ARS-FL, Barrett and Kader-CA-Davis, Beaulieu-ARS-LA, Brecht-FL, Howard-AR), and (-carotene (pro-vitamin A) and other carotenoids (vitamin A, lycopene, lutein, cis- and trans-carotenes; Baldwin-ARS-FL, Barrett, Kader and Suslow-CA-Davis, Howard-AR). The investigators will address how the levels of these components change during storage of fresh-cut produce compared to stored, whole produce, and frozen produce.  Barrett’s (CA-Davis) research will emphasize enzyme-catalyzed reactions that may be affected either through activation or inactivation in order to improve quality.  This will include an investigation of the potential for mild heat treatments that can inactivate enzymes with undesirable oxidative activities from both quality and nutritional standpoints, while still maintaining viable tissue as indicated by respiration.  Suslow (CA-Davis) is evaluating genetic:environment:crop management factors that influence carotenoid biosynthesis in the raw material for fresh-cut carrots. The participants involved in Objective 1 research will work together to share and agree upon standard tests and procedures for quantifying nutrient levels and tissue antioxidant activity in fresh-cut vegetables and fruits.

Objective 2: To develop and evaluate novel approaches for assuring the quality and safety of fresh-cut vegetables and fruits.

Procedures in pursuit of Objective 2 include the actual experimental treatments of fresh-cut items, the methods of quality evaluation, the methods of microbiological analysis, and means to integrate approaches related to safety and quality.  Fresh-cut vegetables and fruits that will be studied include cut apples or pears (Abbott-ARS-MD, Barrett and Kader-CA-Davis, Beaudry-MI, Conway-ARS-MD, Sapers-ARS-PA), avocado slices (Barrett-CA-Davis and Lange-CA-Landec), broccoli and cauliflower florets (Barrett-CA-Davis, Lange-CA-Landec), cantaloupe chunks (Barrett, Harris and Suslow-CA-Davis, Sapers-ARS-PA), carrots (Barrett-CA-Davis), celery pieces (Lange-CA-Landec), shucked sweet corn (Sims-FL) and sweet corn kernels (Brecht-FL), honeydew melon chunks (Suslow-CA-Davis), lettuce (Barrett and Saltveit-CA-Davis), mango slices (Bartz, Brecht and Sims-FL), cut peaches and persimmons (Kader-CA-Davis, Maness-OK), bell pepper slices (Barrett-CA-Davis), peeled potatoes (LaBorde-PA, Sapers-ARS-PA), sliced strawberries (Kader-CA-Davis), tomato slices (Barrett and Saltveit-CA-Davis, Gross and Whitaker-ARS-MD), and watermelon chunks (Sargent-FL, Suslow-CA-Davis).

Different species are inherently more or less perishable than others, and fresh-cut vegetables and fruits are always more perishable than their intact counterparts, therefore selection of varieties with enhanced shelf-life characteristics will be an important component of this project.  This might include mutants or genetically modified crops with reduced ripening, better texture retention, or enhanced flavor characteristics (Brecht-FL, Cantwell and Kader-CA-Davis, Gross and Whitaker-ARS-MD, Maness-OK, Romig-PA-EPL).  Negative consequences of wounding are magnified both early and late in development of vegetables and fruits.  Immature crops consume their already meager storage reserves quickly and deterioration occurs rapidly.  Since fresh-cut products are intended for convenient, immediate consumption, it is necessary for fresh-cut fruits to be ripe or nearly ripe.  Selection of the optimum fruit maturity for fresh-cut is an important consideration for achieving the best possible combination of quality and storage life.  Selection of intact items for cutting will include studies on initial product quality (Cantwell-CA-Davis) or trait targeting (Romig-PA-EPL, Suslow-CA-Davis), identification of appropriate cultivars (Gross-ARS-MD, Maness-OK), and optimum maturity at harvest (Beaulieu-ARS-LA, Brecht-FL, Gorny-CA-DFT, Kader-CA-Davis).

Proposed treatments of fresh-cut items to assure safety and quality can be divided into several categories: manipulation of storage conditions, reduction or inhibition of microbial pathogens and appropriate selection of intact fruits or vegetables for fresh-cut operations.  With respect to storage conditions, the primary emphasis for all participants will be on temperature control.  In individual experiments, control treatments simulating typical commercial conditions for handling fresh-cut produce will be included.  Fresh-cut products prepared from chilling sensitive species present an interesting system for physiological studies because of the practical observation that these products maintain better quality at lower, chilling temperatures, probably because injury from chilling is of less consequence than other causes of deterioration at non-chilling temperatures (Watada et al., 1996).  New and more sophisticated means of in-package modified atmospheres will be studied by Beaudry and Cameron (MI), Brecht (FL), Gorny (CA-DFT), Lange (CA-Landec), Maness (OK), Mount (TN), and Romig (PA-EPL) with particular emphasis on low levels of O2 combined with high levels of CO2, temperature-responsive membranes (Clarke and DeMoor, 1997), perforation-mediated systems (Fonseca et al., 1999), and indicators of deterioration or spoilage such as ethanol (Smyth et al., 1999).  Application of novel food grade GRAS chemicals such as N-acetylcysteine, calcium chloride and lactate, calcium hypochlorite, and citric acid to retard negative quality changes such as softening and other texture changes and oxidative browning will be tested by Barrett (CA-Davis), Barth (IL), Brecht (FL), Gorny (CA-DFT), Gross (ARS-MD), Romig (PA-EPL), Sapers and Ukuku (ARS-PA), and Wang (ARS-MD).  In addition, use of temperature-control regimes will be studied as an alternative to application of chemical compounds (Brecht-FL, Wang-ARS-MD) as well as attempts to minimize quality losses through quick precooling (Suslow-CA-Davis) and low temperature blanching (LaBorde-PA and Sims-FL).  In addition, the application of lipid modulators will be explored to determine their effectiveness in slowing postharvest deterioration of membranes during storage (Whitaker-ARS-MD).

Methods to reduce the presence of pathogens will include prevention of contamination through sanitation (Annous and Sapers-ARS-PA, Bartz-FL, Brackett-GA, Harris and Suslow-CA-Davis, McGlynn-OK), including testing of alternatives to standard chlorine treatments such as bromine, iodine, peroxyacetic acid, ozone, and ultraviolet light, application of edible coatings (Baldwin-ARS-FL) or osmotic concentration (Mount-TN); removal from surfaces through pre-processing rinses (Barth-IL) or interference with biofilm formation (Howard-AR); and short-term minimal treatments with heat (Bartz-FL, Mendonca-IA), high-pressure (Mendonca-IA, Sims-FL), irradiation (Reitmeier-IA) or microwave (Baldwin-ARS-FL).  Sams (TN) will investigate the influence of packaging and handling methods on the ability of pathogens to survive on fresh-cut produce.  Novel means to inhibit microbial growth will include introduction of microbial antagonists to outcompete pathogens (Annous and Liao-ARS-PA, Glatz-IA), use of natural plant volatiles (Beaudry- MI), as well as the incorporation of preservatives into edible coatings (Baldwin-ARS-FL).

Quality evaluation is needed to assess the effects of process treatments and changes during storage.  These techniques can be divided into physicochemical analysis and sensory evaluation.  Physicochemical techniques will include measurement of surface pH (Baldwin-ARS-MD), color and discoloration development by colorimetric methods (Baldwin-ARS-FL, Barrett and Kader-CA-Davis, Beaudry- MI, Brecht, Huber, Sargent and Sims-FL, Lee-NY), loss of firmness by instrumental analysis (Abbott-ARS-MD, Beaudry- MI, Brecht, Sargent and Sims-FL, Kader-CA-Davis, Sapers-ARS-PA), and volatile-flavor determination by gas chromatography (Baldwin-ARS-FL, Wilson-IA).  Visual evaluation of the development of spoilage will be conducted by trained judges (most participants) while sensory descriptive panels will be used to determine subtle changes in flavor and texture and relate them to instrumental measurements (Abbott-ARS-MD, Gorny-CA-DFT, Prinyawiwatkul-LA, Sims-FL, Suslow-CA-Davis).  Nutritional studies will note the loss of vitamins with particular emphasis on ascorbic acid and (-carotene (Barth-IL, Beaulieu-ARS-LA, Suslow-CA-Davis).  In addition, basic mechanistic studies on the development of browning and softening (Baldwin-ARS-FL, Beaulieu-ARS-LA, Brecht and Huber-FL, Cantwell and Kader-CA-Davis, Woods-AL), and membrane deterioration (Whitaker-ARS-MD) in response to novel treatments will be conducted.  Since determination of initial product maturity and evaluation of quality indices determining shelf-life are important aspects of Objective 2 research, the participants will develop criteria for similar products in order to facilitate comparisons of treatment results.  Those participants who are using sensory descriptive panels will coordinate their work with those participants who are performing instrumental analyses in order to develop sensory descriptors that are closely related to physical aspects of quality that are responsive to shelf-life manipulations.

Safety evaluation will involve standard microbial testing for total numbers (Barth-IL, Bartz-FL), presence of spoilage organisms (Baldwin-ARS-FL, Bartz-FL, Cameron-MI, Suslow-CA-Davis) and presence of human pathogens (Annous, Liao and Sapers-ARS-PA, Baldwin-ARS-FL, Harris-CA-Davis, Howard-AR, Mendonca-IA) with particular emphasis on E. coli (Glatz-IA) and Listeria (Brackett-GA, Conway-ARS-MD). Specific studies on pathogen attachment (Howard-AR), transmission, and control (Conway-ARS-MD), and the effect of surface pH on microbial growth will also be part of this objective.  An understanding of the effects of decreasing microbial populations on safety hazards to future contamination (Annous and Liao-ARS-PA, Suslow-CA-Davis) will also be pursued.  In addition, residue removal during processing will be studied (Barth-IL).  Finally, many efforts will integrate approaches to safety and quality (ARS-PA and ARS-MD groups, Barth-IL, Lange-CA-Landec, Suslow-CA-Davis) to ensure that pursuit of one goal will not adversely affect the accomplishment of the other.  The participants who are experienced with standard microbiological testing for food safety will advise other participants on how to evaluate the food safety of fresh-cut products before promising new treatments for shelf-life extension are proposed for commercial adoption.

Objective 3: To develop a better understanding of the physiology of fresh-cut vegetables and fruits in response to processing and during storage and handling.

Although temperature management will be addressed primarily in Objective 2 activities, there will be some work in this Objective regarding the physiological underpinnings of fresh-cut temperature responses.  Brecht (FL) and Lange (CA-Landec) will investigate the respiratory response and recovery or re-equilibration of fresh-cut vegetables and fruits to fluctuating temperatures.  Beaudry and Cameron (MI) and Solomos (MD) will investigate aerobic and anaerobic respiratory metabolism in fresh-cut tissues, including the basis for tolerances of fresh-cut vegetables and fruits to low O2 and elevated CO2 levels (Gorny-CA-DFT).  Baldwin (ARS-FL), Beaulieu (ARS-LA), Brecht and Huber (FL), Cantwell (CA-Davis), and Woods (AL) will investigate in more detail the apparent lack of chilling injury symptom development in fresh-cut tropical and subtropical species in terms of more basic physiological responses of the tissues to chilling stress such as textural alterations and aroma volatile production.  Respiration (CO2 and O2) and fermentative volatiles (ethanol and acetaldehyde) will be measured using standard gas chromatographic (GC) techniques and respiratory metabolism by standard enzymological methods.  Textural changes will be evaluated using mechanical measurements of tissue firmness (Ahrens and Huber, 1990) as well as enzyme assay and compositional analysis of cell wall polymers according to Huber and O’Donoghue (1993).  Volatiles will be quantified using GC headspace analysis (Malundo et al., 1997).

Ethylene production has been shown to increase with increasing severity of wounding in many plant tissues, including apple and tomato fruits, sweetpotato roots, bean petioles, and etiolated pea stems (Abeles et al., 1992).  The way in which fresh-cut lettuce is prepared can have a dramatic effect on storage life, apparently due to differences in the amount of damage incurred (Bolin et al., 1977; Bolin and Huxsoll, 1991).  Reducing the shred size also reduces lettuce storage life.  Interestingly, tearing, which results in less exudation of cell sap, increases lettuce storage life compared to slicing.  Not only the amount of cutting, but the direction of the cut was found to affect deterioration of fresh-cut pepper fruit, which was associated with greater solubilization of pectin at the cut surface of the lengthwise slices (Abe et al., 1992).  Brecht (FL) and Saltveit (CA-Davis) will investigate ethylene-dependent and ethylene-independent wound responses in lettuce by utilizing inhibitors of ethylene binding such as 1-methylcyclopropene.  Huber (FL) and Whitaker (ARS-MD) will investigate the role of membrane deterioration in terms of electrolyte efflux (Huber) and analysis of lipoxygenase and phospholipase action (Huber and Whitaker).  Shewfelt (GA) will investigate the role of free radicals in fresh-cut vegetable deterioration.  Ethylene will be measured by standard GC technique.

Several participants will investigate the physiological and biochemical causes of quality changes, especially undesirable color (browning) and textural changes, in fresh-cut vegetables and fruits.  Barrett (CA-Davis) and Beaulieu (ARS-LA) will focus on activation and inactivation of key enzymes involved in color, texture, nutritional and flavor changes in fresh-cut products.  Brecht (FL), Cantwell and Suslow (CA-Davis), Gorny (CA-DFT), and Gross (ARS-MD) will evaluate initial maturity and quality effects on subsequent quality changes in fresh-cut vegetables and fruits.  Other participants will focus on understanding the biochemical pathways involved in softening (Gross-ARS-MD, Huber-FL, Kader-CA-Davis, Maness-OK, Woods-AL) and browning (Kader and Saltveit-CA-Davis).  Whitaker (ARS-MD) will investigate the role of phospholipase activation upon wounding in limiting the shelf-life of fresh-cut fruits. Baldwin (ARS-FL), Shewfelt (GA), and Wilson (IA) will correlate sensory and instrumental measures of flavor quality.  Visual quality will be evaluated by applying standard hedonic scoring systems (e.g. Gorny et al., 1998; Lopez-Galvez et al., 1996a), reflectance color measurements (McGuire, 1992), and spectrophotometric analysis of chlorophyll, anthocyanin, carotenoid, and phenolic pigments (Tomas-Barberan et al., 1997; Wellburn, 1994).  Textural alterations will be analyzed as described previously.  Lipid class analysis will be conducted as previously described by Picchioni et al. (1996), and lipid degrading enzyme activity as described by Todd et al. (1992).  Since apparent responses to temperature, ethylene, etc. can be strongly affected by different fresh-cut preparation procedures, certain basic preparation procedures such as slicing procedures, slice or chunk sizes, and sanitation methods will need to be agreed upon, especially by those participants working with the same or similar types of products.  Similarly, standard hedonic scoring systems and physical measurement methods for color and texture for each common product will be used as much as possible.

EXPECTED OUTCOMES:

This project will address fundamental deficiencies in our current knowledge of the nutritional, microbiological, sensory, and physiological nature of fresh-cut vegetables and fruits.  Our major research objectives will focus on both short-term problems limiting the development and success of the fresh-cut industry, and long-term goals for understanding the basic physiology of wounded plant tissues.  Some specific research objectives for the project include:

· Accumulate a catalog of baseline data on the nutrient levels in fresh-cut vegetables and fruits and their relative antioxidant activities that can be used for targeting traditional breeding or molecular genetics efforts.

· Identify the mechanisms by which losses of nutrients occur in fresh-cut vegetables and fruits in order to focus development of treatments to minimize those losses.

· Develop preparation and handling procedures for specific fresh-cut products that optimize quality maintenance with minimal use of added chemicals.

· Develop MAP systems for fresh-cut produce that are responsive to fluctuating temperature conditions and which indicate when undesirable physiological or microbiological processes are initiated.

· Identify the most desirable traits, cultivars, and maturities of specific vegetable and fruit crops for realization of superior quality and quality maintenance in fresh-cut products.

· Ensure the wholesomeness and safety of fresh-cut produce by developing procedures to minimize microbiological populations on the products and maximize the vegetable and fruit tissue’s resistance to colonization by microorganisms.

· Reach a sufficient understanding of the biochemistry of undesirable browning and textural changes in fresh-cut produce to devise chemical or physical treatments or molecular approaches to inhibit the critical reactions.

· Identify the critical sensory characteristics for optimal fresh-cut quality and correlate them with objective (instrumental) measurements.

Among the main reasons for the initial interest among the participants in this regional project was the potential for creating a vehicle for the exchange of information concerning research results and research plans and for prioritizing future directions for fresh-cut research.  Considering the diversity of species and problems being addressed by fresh-cut researchers, there was also a desire to create a forum for attempting to standardize experimental designs, treatments, appearance, texture and sensory evaluation methods, and reporting of results.  It is anticipated that subcommittees will be established to address these topics with the result that much duplication of effort and problems with research that is not comparable or repeatable will be avoided.  The organizational structure of the regional project is also expected to foster the development of specific collaborations among the members.  Examples of existing collaborations that have developed recently (i.e. within the time frame of the development of this project proposal and ignoring within-institution collaborations) include:

· Baldwin (ARS-FL) and Shewfelt (GA) sensory and instrumental evaluation of mango and tomato flavor components.

· Beaulieu (ARS-LA) and Brecht (FL) evaluation of fresh-cut kale market quality.

· Brecht (FL) and Romig (PA) fresh-cut sweet corn kernel product development.

· Conway (ARS-MD) and Sapers (ARS-PA) survival of E. coli 0157:H7 on fresh-cut apple.

· Lange (CA-Landec) and Brecht and Sims (FL) MAP for fresh-cut sweet corn.

ORGANIZATION:

The Technical Committee is responsible for planning and implementing the approved regional project.  The Technical Committee will consist of one voting member appointed by the Director of each participating experiment station.  USDA research agencies represented by contributing projects under the proposed objectives will be voting members.  The Southern Association of Agricultural Experiment Station Directors will appoint an administrative advisor.  USDA-CSRS, Washington, DC, will assign a representative to assist the administrative advisor, both of whom will be non-voting members.

The offices of the regional Technical Committee will be the chair, vice-chair, secretary, and past-chair and will serve as the executive committee. The former three officers will be elected at the organizational meeting for the Technical Committee.  Thereafter, a secretary will be elected at each annual meeting. All voting members of the Technical Committee will be eligible for office.  The officers will annually be promoted in the following sequence: secretary to vice-chair, vice-chair to chair, chair to past-chair. These four officers will then constitute the Executive Committee to provide leadership and continuity and/or immediate action.

In addition, the chair, in consultation with the administrative advisor, notifies the Technical Committee members of the time and place of meetings, prepares the agenda, and presides at the annual meeting.  The vice-chair is responsible for final preparation and submission of the annual report of the regional project to the administrative advisor, who will approve and forward it to USDA-CSRS, Technical Committee members, and selected individuals.  The secretary records the minutes and performs other duties assigned by the Technical Committee or the administrative advisor.  Subcommittees may be named by the chair as needed for specific assignments.
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