Fresh-cut Product Quality

Any pre-harvest condition that stresses the plant also will affect the quality and shelf-life of the associated postharvest crop (Monselise and Goren, 1987; Nigh, 1990). Knowledge of these conditions is important for assessing the postharvest potential of fresh produce (Blacharski et al., 2001; Borve and Sekse, 2000; Gorny et al., 1998; Kim et al., 1993), especially those that will be further stressed by fresh cutting. The maturity of fruits and vegetables intended for fresh-cut processing is a critical factor determining the potential quality and shelf life of the product (Beaulieu, 2005; Beaulieu et al., 2004; Soliva-Fortuny et al., 2002, 2004). The suitability of genotypes for fresh-cut processing has rarely been considered (Beaulieu and Lea, 2003). Integration of cultivar selection, pre-harvest and postharvest conditions and treatments is needed to obtain the best possible quality of the marketed fresh-cut product.

Quality of fresh-cut products is highly dependent on minimizing injury to the product. It has been clearly shown that the degree of injury incurred during the cutting process has a tremendous influence on slice quality and shelf-life (Portela and Cantwell, 2001; Toivonen et al., 2005). Since no literature exists to guide equipment manufacturers on improving the cutting process, there is a strong need to conduct research to provide the necessary guidance. This requires studies to identify the extent of injury (i.e. bruising, tearing) and to measure effects in a direct manner (i.e. tissue leakage).

Understanding the components of eating quality involves comparison of instrumental with sensory analysis. A large portion of the flavor of fruits is ascribed to their contents of sugars and organic acids, complemented by volatile aromatic compounds (Baldwin et al., 1998). Non-chemical means for estimating the contents of sugars and acids in fresh-cut fruits such as visible/near infrared (Vis/NIR) spectrophotometry would be beneficial for both research and quality control. Phenolic compounds may contribute to astringency or bitterness (Mazza and Miniati, 1993). Gas chromatography combined with olfactometry is widely used in aroma research to identify volatile compounds responsible for product flavor (Beaulieu and Baldwin, 2002; Jordán et al., 2001a; 2001b; Plotto et al., 2000; Schieberle and Hofmann, 1997). In addition, the electronic nose (e-nose) discriminates samples based on pattern response of an array of sensors that respond to volatile compounds (Goodner et al., 2000; Shaw et al., 2000; Springett, 1991). Much more detailed sensory work needs to be done on fresh-cut produce, especially when treated with natural products, heat, 1-MCP etc. that might affect flavor and textural attributes of the fresh-cut products and impact overall eating quality.

Many attempts at measuring texture have used sensory analysis coupled with instrumental measurements (Abbott et al., 1984; Beaulieu et al., 2004; DeBelie et al., 2002; Drake, 1962; Harker et al., 2002; Mohamed et al., 1982; Szczesniak, 1963; Vickers, 1981; Vickers and Bourne, 1976; Vincent, 1998). To date there are no generally accepted definitions of textural attributes applicable to fresh-cut products, sensory scale anchors, or methods for their measurement (Fillion and Kilcast, 2002; Harker et al., 1997). The proposed project will include study of practical methods for measuring flavor and texture of fresh-cut vegetables and fruits, and relating to sensory measurements using modern multivariate statistical techniques.

Technologies for Maintaining Quality and Shelf Stability.

Modified atmospheres (MA) help maintain the freshness and quality of fresh-cut vegetables and fruits by inhibiting metabolic activity, ethylene sensitivity and production, and/or physiological and pathological deterioration during storage (Gorris and Tauscher, 1999; Saltveit, 1997). The optimal atmosphere for intact and cut produce may vary greatly because of the removal of barriers to gas permeation (Beaudry, 2000; Watkins, 2000). Only limited information is available on optimal MA storage of fresh-cut produce (Barth et al., 2002; Beaulieu and Gorny, 2002). Semi permeable plastic films are used for modifying the atmosphere inside packages (Church and Parsons, 1995). Improper modified atmosphere packaging (MAP) of fresh-cuts can lead to anaerobic respiration, off-flavor, discoloration, CO2 injury, and decay leading to reduced shelf-life (Gonzalez et al., 2004; Mateos et al., 1993). Due to the perishability of fresh-cut produce, the package atmosphere is often actively established.

Natural products and generally regarded as safe (GRAS) substances that often have antimicrobial/antioxidative activities or otherwise maintain the freshness and quality of the fresh-cut produce are of interest. Both chlorination and natural product/GRAS treatments have seldom been applied to fresh-cut fruit that have little or no browning (Beaulieu and Baldwin, 2002), e.g., fresh-cut melon products. This is unfortunate since intact and fresh-cut melons (particularly cantaloupes) are susceptible to microbial contamination (Bai et al., 2003; Beuchat, 1996; Center for Disease Control and Prevention, 2002). Chlorinated processing solutions supplemented with relatively low concentrations of calcium supplied either as a salt or chelate can more than double shelf stability and to delay quality deterioration without affecting fresh-cut melon sensory quality (Luna-Guzmán and Barrett, 2000; Saftner et al., 2003b).

For fresh-cut produce susceptible to browning, several natural products/GRAS substances have been evaluated for their ability to control discoloration, softening and decay (Garcia and Barrett, 2002). Tissue breakdown is a major limiting quality factor for fresh-cut fruits, and the use of commercially approved enzyme preparations (primarily pectinesterases) along with calcium application, as well as pH adjustment to neutralize fruit acids, may aid in maintaining or improving their firmness and overall stability. Other preservative treatments, several of which have antimicrobial properties, have been employed alone or as combined treatments to maintain the fresh-like characteristics of fresh-cut produce during storage (Buta et al., 1999; Garcia and Barrett, 2002; Brecht, 1995; Sapers et al., 1989; Sapers and Miller, 1992). The penetration of ascorbic acid-based antibrowning formulations can be improved by vacuum or pressure infiltration instead of dipping or spraying (Sapers et al., 1990). However, excessive sorption of antibrowning solution can result in tissue translucency and reduced shelf stability.

Sanitizers used in the fresh-cut industry include chlorine and chlorine derivatives, acid-anionic sanitizers, hydrogen peroxide, peroxyacetic acid and acidified sodium chlorite (21 CFR 178.1010). Hydrogen peroxide treatments of intact cantaloupes reduced microbial load on the fresh-cut product prepared from the sanitized fruit (Ukuku et al., 2004; Ukuku and Fett, 2004), and both quality maintenance and shelf-life extension were improved when microbial loads are reduced on fresh-cut melon products (O’Conner-Shaw et al., 1996). Another relatively new acidified sodium chlorite-based sanitizer has been shown to effectively maintain quality and food safety of fresh-cut carrots (Gonzalez et al., 2004). Many of these new sanitizers inhibit microbial proliferation on fresh-cut surfaces by oxidatively stressing plant (and human) pathogens, though they can cause bleaching or discoloration of some fresh-cuts such as melon chunks and apple slices. However, treatment with oxidative sanitizers followed by treatment with an antioxidant appears to effectively maintain microbial quality of fresh-cut apple slices (Robert Saftner, unpublished data). Additionally, for the sanitizers and food-grade antimicrobial food additives and preservatives to be effective, they must be able to penetrate to the sites within the fresh-cut produce where the plant and human pathogens are located. Several classes of surface active agents approved for food use can aid penetration of substances within apples (Saftner et al., 1997) and other produce, but their compatibility with fresh-cuts and their efficacy when combined with sanitizers in fresh-cuts have not been tested.

1-Methylcyclopropene (1-MCP) suppresses ethylene-mediated ripening and senescence of most climacteric fruit on which it has been tested (Blankenship and Dole, 2003). In fresh-cut apple products, 1-MCP treatment maintained quality by inhibiting textural and flavor-associated acidity changes (Bai et al., 2004; Jiang and Joyce, 2002). However, a potential disadvantage of 1-MCP is that it might adversely affect ethylene-induced disease resistance (Bent et al., 1992) although reports to date have been contradictory (Bai et al., 2004; Janisiewicz et al., 2003; Jiang and Joyce, 2002; Leverentz et al., 2003; Saftner et al., 2003a). While 1-MCP reduces volatile formation in ripening whole fruit (Blankenship and Dole, 2003), the same has not been consistently observed for fresh-cut fruit (Bai et al., 2004), possibly due to the advanced ripeness stages used for fresh-cut. Despite the potential benefits of 1-MCP use to the fresh-cut industry, the logistics of 1-MCP application(s), dosage considerations, and interactions with MAP and alternative treatments have yet to be adequately explored.

The need to kill plant pathogens and maintain microbial quality of fresh-cut produce is counterbalanced by the demand for “clean” labels, meaning minimal, if any, use of chemical additives and preservatives (Mermelstein, 2001). Thermal processing is the major technique for non-chemical food preservation. Pre-storage heat treatment appears to be one of the most promising new means for postharvest quality maintenance and control of decay (Lurie, 1998). Preprocessing heat treatment of intact fruit has not been adequately tested for its effect on the quality and shelf stability of resulting fresh-cut products (Abreu et al., 2003; Bai et al., 2004; Kang and Saltveit, 2003; Lamikanra et al., 2005; Loaiza-Velarde, et al., 2003).

Relatively new food processing technologies have been developed as alternatives to thermal treatments, such as ultraviolet irradiation, high hydrostatic pressure, gamma irradiation, and pulsed microwave irradiation. Some of these may have applicability to maintaining the quality of fresh-cut produce and have been studied as potential alternatives or adjuncts to MAP (Chervin and Boisseau, 1994; Hagenmaier and Baker, 1997; Hoover, 1997; Shin and Pyun, 1997).

Intact and fresh-cut vegetables and fruits are important dietary sources of vitamin A, C and E, minerals, carotenoids, polyphenols (flavonoids), and other antioxidant phytochemicals. Mounting evidence suggests that consumption of fresh produce has long-term health benefits, and may prevent or reduce the risk of several chronic diseases (Anon., 2003; Cooper, 2004). Despite the many claimed health benefits of consuming fresh produce, little is known of the effects of fresh-cut processing technologies, handling, storage and treatments such as MAP, natural products, sanitizers, heat, etc. on the nutritional quality of fresh-cut products. Certainly, the increased exposure of fresh produce to air and light by fresh cutting would be expected to adversely impact their nutritional value (McCarthy and Matthews, 1994; Park and Lee, 1995; Wright and Kader, 1997a,b). Levels of phytonutrients as affected by fresh-cut processing and associated treatments and during handling and storage are known for only a few fresh-cut products. Cutting increased the phenolic content and antioxidant capacity of fresh-cut lettuce and other vegetables (Cisneros-Zevallos and Heredia, 2004). This suggests that stressful treatments such as fresh cutting can increase nutrient levels in some commodities under certain circumstances. More information is needed related to phytonutrient levels in fresh-cut produce and how emerging fresh cutting technologies are impacting phytonutrients.

Physiology of Fresh-cut Products

The physiology of fresh-cut vegetables and fruits is typical of that observed in plant tissues that have been wounded or exposed to stress conditions (Brecht et al., 2004). 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. Minimizing the negative consequences of wounding in fresh-cut vegetables and fruits can 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. The increase in respiration seen in wounded plant tissues is thought to be a consequence of elevated ethylene, which stimulates respiration. 

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). 

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). 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. 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 (Martinez and Whitaker, 1995). 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.

The wound signal. A signal that transduces the physical wound in lettuce into a physiological response has been shown to be produced at the site of injury and to migrate or propagate into adjacent, non-injured tissue where it induces increased phenolic production (Choi et al., 2005; Ke and Saltveit 1989). A kinetic analysis of wound induction of ethylene and of PAL in lettuce showed that increased PAL activity did not proceed through the induced synthesis and action of ethylene (Ke and Saltveit, 1989). While high concentrations of a number of putative wound signal chemicals (i.e., abscisic acid, jasmonic acid, methyl jasmonate, salicylic acid) slightly increased PAL activity, none of them produced the many-fold increase seen in wounded leaf tissue (Campos-Vargas and Saltveit, 2002).

Products of the oxylipin biosynthetic pathway [e.g., jasmonic acid (JA)] are part of the wound signal complex in a number of plants (Creelman and Mullet, 1997; Peña-Cortés and Willmitzer, 1995; Turner et al., 2002). Mechanical injuries promote increased levels of JA (Creelman et al., 1992; Peña-Cortés et al., 1993; Peña-Cortés et al., 1995). The release of phosphatidic acid (PA) from membrane phospholipids by phospholipase D (PLD) is thought to be one of the first reactions in this pathway (Creelman and Mullet, 1997; Leon et al., 2001). Subsequent steps produce a myriad of phytoactive compounds that participate in tissue responses to biotic and abiotic stresses (Farmer and Ryan, 1992; Farmer et al., 1998; Munnik, 2001; Schaller, 2001).

Salicylic acid increases in plants in response to a number of stresses and its application can elicit similar stress responses (Klessig and Malamy, 1994). However, SA can also inhibit certain stress responses by blocking JA biosynthesis (Doares et al., 1995; Peña-Cortés et al., 1993). 

Water loss. Cutting or peeling vegetables and fruits exposes the interior tissues and drastically increases the rate of evaporation of water (Burton, 1982). Thus, avoiding desiccation at the cut surface of fresh-cut products is critical for maintaining acceptable visual appearance. Desiccation can also induce stress ethylene production in detached vegetables and fruits (Yang, 1985). Water loss during storage has been shown to enhance the loss of both ascorbic acid and total carotene (Barth and Zhuang, 1996; Barth et al., 1990; Nunes et al., 1998) either directly or by induction of stress ethylene. 

Wound-generated protective antioxidant and reactive oxygen species. Vegetables and fruits are good sources of bioactive components such as carotenoids, polyphenolics, and other organic components with potential anticarcinogenic properties (Homnava et al., 1990; Simonne et al., 1997; Steinmetz and Potter, 1996; Waladkhani and Clemens, 2001). Phytochemicals present in plants can act as reducing agents, free radical terminators, metal chelators, and singlet oxygen quenchers and mediate the activity of various oxidizing enzymes (Ho, 1992; Okuda, 1993).

When vegetables and fruits are peeled, sliced, diced, shredded, etc. to create fresh-cut products, it has been assumed that the tissue wounding that occurs causes accelerated loss of nutritional value (Klein 1987; Matthews and McCarthy 1994), just as other physiological and biochemical reactions leading to undesirable quality changes such as discoloration and negative textural changes are accelerated. This assumption has never been rigorously tested and, in fact, plants respond to numerous abiotic and biotic stresses by up-regulation of antioxidant compounds (Baker and Orlandi, 1995; Bray et al., 2000; Wang et al., 2003). It has been proposed (Cisneros-Zevallos, 2003) and preliminary work by project members in Texas and Florida (Cisneros-Zevallos and Heredia, 2004; Simonne et al., unpublished) supports the idea that wounding of vegetables and fruits can enhance tissue antioxidant levels.

Degradative oxidative processes are also potentially initiated with cutting and post-cutting operations in fresh-cut product. Evidence for this exists in the literature in regard to browning, lipid peroxidation, and flavor changes (Toivonen, 2003; Hodges et al., 2004). While a comprehensive model to explain these phenomena has been developed (Toivonen, 2004), much of the model needs verification. Results of this research is expected to provide some fundamental knowledge that will lead to improved processing and handling procedures and consequently to improved fresh-cut quality at the consumer level.

Microbiology and Food Safety of Fresh-cut Products

An evaluation of the efficacy of sanitizers or appropriateness of experimental protocols for challenge studies must be preceded by the development and validation of a standard method for inoculation, detection, and enumeration of bacterial pathogens on both whole (intact) and fresh-cut produce. Procedures for inoculating produce with pathogens include dipping in a suspension of cells or applying a known volume of cell suspension (spot inoculation). Optimum conditions for culturing pathogens that may be present on or in produce differ, thus requiring different methods for preparing cells to be used as inocula. The selection of the strain or strains of a particular pathogen to be used in studies designed to determine the number of cells present or the efficacy of a decontamination treatment is also important. Because stationary phase bacterial cells are generally more tolerant than are logarithmic growth phase cells to environmental stresses, the former should be used for studies to develop optimum procedures for maximum recovery from inoculated produce. A marker may be desirable to facilitate the recovery of cells. Adaptation of Gram-negative pathogens to nalidixic acid (50 (g/ml), for example, has been successfully used in achieving these objectives (Beuchat et al., 2001; Harris et al., 2001). The vehicle in which pathogens are entrapped is likely to be an organic material. For this reason, to simulate practical conditions, the carrier for the inoculum should contain organic material. A 5% solution of horse serum albumen has been used as a carrier in studies to determine the efficacy of sanitizers (Beuchat et al., 2001; Harris et al., 2001), although an aqueous peptone solution or nutrient broth may also be appropriate. Decontamination studies require the use of high numbers of cells in the inoculum to enable measurement of several log reductions. Challenge studies, on the other hand, require inocula containing relatively low numbers of cells to enable measurement of growth during subsequent storage.

Establishing a protocol(s) for efficient recovery of pathogens from fruits, vegetables, and tree nuts is paramount before proceeding to experiments designed to determine the efficacy of treatment with sanitizers. Procedures for separating produce from the chemical treatment solution, washing with a specific neutralizer, and subsequent homogenization or washing in a specific volume of a given diluent should likewise be standardized. In the case of physical decontamination treatments, standardization of conditions used to apply the potentially lethal force, i.e., temperature, irradiation, or pressure, would also facilitate comparison of observations across laboratories.

The presence of stressed or injured microbial cells on produce should be recognized, and resuscitation techniques may be necessary. Protection of cells on the surface of produce that, for example, may be debilitated by desiccation or as a result of exposure to a harsh acidic environment that may occur if samples were processed by methods other than simple washing is important if these injured cells are to be detected. Incorporation of a resuscitation step into the detection or enumeration protocol should be considered.

Of all the agents used to sanitize the surface of foods, water is probably the most readily acceptable to the public. Unlike chemical sanitizers that only affect the surface of produce, hot water (heated potable city water) washing can inactivate bacteria below the produce surface (Breidt et al. 2000), and thus, is potentially more effective than chemical washes (Annous et al. 2004, Breidt et al. 2000, Lichter et al. 2000). Hot water immersion provides excellent heat transfer between the produce and the heating medium (Couey 1989) and can quickly establish a uniform temperature profile on the surface of produce (Annous et al. 2004, Couey 1989).

Our initial results indicate that ≥ 5 log CFU/cm2 reductions in Salmonella Poona populations on cantaloupe surfaces can be achieved following commercial-scale hot water immersion of whole melons at 76°C for 3 min (Annous et al. 2004). Also, this hot water commercial-scale treatment of whole melons was not detrimental to either the quality or shelf-life of fresh-cut pieces prepared from the treated melons. Hot water immersion (70°C for 2 min or 80°C for 1 min) was also shown to be effective in reducing populations of E. coli O157:H7 on the surface of oranges (Pao and Davis 1999). Since individual commodities have different thermal tolerances, the hot water immersion treatment needs to be tailored to each commodity. While the rind of a cantaloupe (Annous et al. 2004) and the peel of an orange (Pao and Davis 1999) effectively insulate the flesh from thermal damage at temperatures above 70°C, the peel of an apple does not protect the flesh from thermal damage at temperatures above 60°C (Lurie et al. 1998, Sapers et al. 2002).

Chlorine dioxide (ClO2) exists as a gas at STP. It can be produced by acidification of sodium chlorite solution or by mixing a dry activator (ferrous salt) and sodium chlorite powder at relative humidity ≥30%. Since ClO2 gas is readily soluble in water, it tends to dissolve in the free water at wound sites on vegetables and fruits and microbes in those areas are likely to be inactivated. This makes ClO2 attractive for fresh-cut applications. The application of gaseous ClO2 to inoculated apples (Du et al. 2003, Sapers et al. 2003), lettuce leaves (Lee et al., 2004), green peppers (Han et al. 2001), and strawberries (Han et al. 2004) resulted in population reductions of ≥5 log CFU without adversely affecting the color of the product.

Since the use of synthetic fungicides is becoming increasingly limited and regulated, alternative methods of controlling postharvest pathogens are constantly being sought. Several natural products have shown promise in reducing postharvest diseases and disorders in horticultural crops and thus in maintaining shelf stability. Methyl jasmonate has been shown to reduce microbial contamination and/or decay of several vegetables and fruits (Buta and Moline, 1998; Droby et al., 1999; Gonzalez-Aguilar et al., 2001; Meir et al., 1996; Moline et al., 1997). Ethanol has also been found to have antimicrobial properties (Lichter et al., 2002) and is also an ethylene biosynthesis inhibitor (Kelly and Saltveit, 1988; Saltveit and Mencarelli, 1988). Essential oils are known to have a broad spectrum of antimicrobial and decay control activity (Arras and Usai, 2001; Janssen et al., 1987; Plotto et al., 2003; Ponce et al., 2003; Suppakul et al., 2003; Tsao and Zhou, 2000a; Wang et al., 2001). Depending on their mode of application and dose applied, essential oils or analytes thereof, can be phytotoxic to the commodities (Plotto et al., 2003; Tsao and Zhou, 2000a) or be ineffective (Tsao and Zhou, 2000b). Acetic acid or vinegar vapor was effective in reducing plant pathogen-induced decay of several fruits (Liu et al., 2002; Sholberg et al., 2000), thus maintaining their quality and shelf-life. Exposure of avocado fruit to acetaldehyde vapor delayed fruit softening and inhibited ethylene production (Pesis et al., 1998).

The predominant problem which currently impacts on the majority of fresh-cut apple slice processors is the growth of fungi on the cut surfaces, resulting in a phenomenon coined “secondary browning”. While some work has shown that addition of a natural antimicrobial, vanillic acid, can reduce the problem, there needs to me more extensive work done to determine if the problem can be controlled by various other means. It is possible that packaging atmosphere, previously untested natural source antifungal agents or organisms, improved cultivars or improved post-cutting processes could alleviate this serious quality problem.

Application of edible coatings to fresh-cut produce helps to maintain produce quality and shelf stability, act as barriers to gas and vapor permeations, and can serve as reservoirs for the controlled release of natural products/GRAS substances (Baldwin et al., 1995a; 1995b; 1996). While many natural products/GRAS substances have broad-spectrum antimicrobial activity and otherwise maintain quality in diverse plant tissues, such technologies have not been accepted commercially since they may damage or impart undesirable sensory attributes to foods, oftentimes due to the high concentration of the applied additives and/or preservatives.

