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STATEMENT OF THE PROBLEM AND JUSTIFICATION: 

Poultry products appear in the diet of many people throughout the world. With the exception of strict vegetarians, there are few if any social or religious stigmas attached to the use of poultry in the diet. The significant growth of this industry over the past 20 years is attributed, in part, to the significant development and marketing of value-added, further processed products. This marketing shift away from ice-packed whole carcasses or parts to further processed, valued-added products is credited to a proactive, vertically-integrated industry seeking to respond to new and changing consumer preferences; to a better understanding of the basic physical, chemical, and microbiological properties of poultry meat; and to the development of new processing techniques and technologies for producing quality products with improved safety and shelf life. The poultry industry continues to grow at unprecedented rates while consumer life styles and food preferences continue to change. Convenience foods that are consumer-friendly, affordable, innovative, nutritious, safe, and able to satisfy all of the basic consumer quality preferences continue to direct the poultry industry's marketing path. To meet these needs, poultry producers and processors with the aid of University-directed research such as through the efforts of Regional Research Projects are seeking to develop environmentally-responsible, advanced production and processing technologies for use in producing consumer-oriented products. These changing technologies will require new basic knowledge about production and processing efficiencies, functional properties, stability and safety of poultry and egg products. Besides industry efforts, much of the fundamental research that supports these efforts can best be achieved by coordinating and directing the efforts and expertise of individuals within experiment station.' into regional efforts that prevent duplication and take advantage of unique capabilities of individuals and facilities within different geographical locations. The intent of this project is to efficiently utilize the special capabilities of the cooperators and their respective facilities to achieve the overall project objective of "improving consumer safety, consumer acceptance and the commercial profitability of poultry meat and eggs by solving critical problems related to the quality of poultry meat and eggs; specifically color, flavor, or texture of the product, and the safety of poultry meat and eggs; specifically microbial colonization, contamination, and subsequent pathogen growth." 

The DC97-13 Planning Committee has used the "Farm to Table Model" to frame their discussions on what is needed to improve the safety, quality, and efficiency of the poultry food system. This model does suggest the need for a greater integration of effort across the different layers of the food system, i.e., the production side, the processing/distribution side, and the retail/restaurant/consumer side. In thinking about this model, anew set of paradigms were developed. The two major concerns are quality and safety of poultry meat and eggs at consumption. Efficiency is also a consideration but was given a lower priority by this group. However, where appropriate, these latter concerns will be integrated in with the two main areas.

Within each of the two main areas of concern, certain specific issues surfaced as more amenable to collaborative work and within each of these issues specific manifestations of the concern were identified. For example in the quality concern, the areas of color, texture and flavor surfaced. The manifestations of color are issues like pinking in poultry, bone darkening in broilers, and blood splash. Within the safety concern the areas of colonization, contamination, and growth (time/temperature) affects were identified as most critical. For example, within the colonization area, the specific issues were Salmonella and Campylobacter. A number of externalities impact on both the safety and quality concerns. The many different factors involved, such as environment, production methods, processing methods, etc., can be identified. These factors can then be focused to specific external factors such as irradiation, stunning, and competitive exclusion. By looking at the poultry food system in this way, we are able to look at factors that specifically affect either quality or safety. But more importantly, we can also look at those factors that bridge the two concerns through further collaborative efforts that seek to join the two concerns. 

Within this new paradigm, we then selected the following areas as ones that would benefit from the regional research collaboration and at the same time incorporate the additional work of the poultry community, most of whom in the US are affiliated with this project. These four critical areas include: 1. Color-related poultry product problems focused on Blood Splash, Bruising, and Hemorrhaging; 2. Biologically Impaired Meat Quality; 3. Irradiation Impact on Poultry Meat Quality; and 4. Production and Processing Factors Impacting the Safety of Poultry Products. Each of these four critical areas is comprised of multiple production and processing factors that negatively impact the quality and/or safety of the product. The ability of any individual investigator to fully address each of the factors associated with a critical area is highly remote because of time, resource, and expertise limitations. However, collectively through a regional research partnership, the scientific expertise and infrastructure exists to critically address each of the external components that influence the four critical research problems. Thus, the probability of identifying solutions to these four problems is enhanced considerably through regional research collaborations as opposed to the isolated efforts of any individual investigator. 

1. Blood Splash/Bruising/Hemorrhaging in Poultry -Color Problems 

Residual blood associated with poultry products is a common occurrence and is invariably viewed as a quality defect. Such defects arise from vascular system failure either because of trauma or pathological processes. There is a lack of knowledge as to the dominant reasons for these occurrences, the best approach for relief, practical means of measurement, and the relationship between the degree of residual blood and its impact on the quality perception of consumers. An integrated effort is planned to study the primary aspects of color problems attributable to blood that appear in poultry products. 

2. Biologically Impaired Meat Quality 

The farm-to-table approach will be applied to solving problems associated with the biology of the bird and its response to the live production, processing and retail environments. Although the primary, immediate problem is pale, soft, exudative (PSE) meat in broilers and turkeys; biological impairment may include all situations and syndromes which decrease the quality and value of the meat. 

This multi-institutional and multi-dimensional effort will involve research on three fronts; the farm, the slaughter plant, and the fabrication/retail environments to achieve a farm-to-table approach for providing solutions for the reduction or better utilization of the defective PSE meat. Within each of these dimensions, the focus of the studies will be on identification of causative factors for the defective meat in an effort to reduce its incidence, characterization of the defective meat, or corrective factors/techniques that may improve the utilization of the defective meat. 

The inconsistent frequency of PSE meat in test or commercial flocks combined with the lack of knowledge about its causes makes the interdependence of stations essential for solving this problem. There will be considerable exchange of birds, meat, and information between stations in the studies. This is further required because some stations do not have ready access to live production or processing facilities. Likewise, some stations possess techniques or expertise not available elsewhere. Sharing information and materials will provide a more efficient use of resources and provide a more organized and comprehensive approach to solving this problem. 

3. Irradiation Impact on Poultry Meat Quality 

Providing the food industry with a range of technologies to improve food safety has been a priority of the US Department of Agriculture and Food and Drug Administration in recent years. The USDA has just recently released guidelines for the irradiation of raw meat and poultry and their associated products. Used in conjunction with other science-based prevention approaches, irradiation can provide consumers with an added measure of protection. The safety and efficacy of food irradiation has been extensively researched around the world. However, research is still needed to maximize the safety, quality, and acceptability of cooked and raw irradiated poultry products. Deleterious changes in odor, flavor, color, texture, and nutritive value have been identified in irradiated poultry products necessitating that further studies be conducted to better understand the impact of irradiation on poultry product quality and how these deleterious changes can be minimized. 

4. Production and Processing Factors Impacting the Safety of Poultry Products 

Preventing the spread of bacterial pathogens to food products requires a multiple hurdle approach that should begin during production and continue through-out processing. The problem of microbial contamination represents a very significant challenge that will require many approaches to control pathogens in poultry. It is likely that it is going to take an entire system of control to reduce microbial contamination that plagues the poultry industry .The Hazard Analysis Critical Control Point (HACCP) system is currently being adopted by poultry processors. The implementation of this system into the poultry industry has increased the need for measures to reduce pathogens at each step in the processing operation. The proposed regional research effort will focus on several specific areas including Salmonella and Campylobacter colonization in the gut, contamination, decontamination strategies, and pathogen growth factors. 

The proposed project objective and sub-objectives defined in this proposal are directly supportive of several of the research opportunities and program areas outlined in the Southern Strategic Research Plan including Processes and Products (i.e. enhance food quality and value), Nutrition, Food Safety and Health (i.e. enhance food safety), and Animal Systems (i.e. increase the quality of animal food products). These three specific research initiatives are ranked in the top 10 of 22 priority initiatives identified in the Southern Region Strategic Plan. 

Previous regional research efforts directed towards enhancing poultry and egg quality and safety have been historically associated in the North Central region of the United States (i.e. NC-183). Members of these past NC projects have contributed significantly to the advancement of the poultry industry Over the past 50 years (1948-1997, see Appendix I). The location of these past regional efforts in the North Central region is related to several factors. Among these is the fact that the North Central states have historically led the country in broiler and turkey production because of the availability of cheaper feedstuffs grown in the US grain belt. Over the past 15-20 years broiler and turkey production has generally shifted away from states located in the North Central region to the southern region. This shift is related to lower production costs and labor, decreasing feed prices, and more mild growing conditions. Presently, seven of the top eight broiler producing states and three of the top four turkey producing states are located in the southern region. For many of the states located in the southern region, poultry is the most important agricultural commodity providing significant economic stability to the states and region. Furthermore, approximately fifty percent of the regional research committee members previously associated with the NC-183 project were from Southern region experiment stations. Because of the significant shift in poultry production to the South, critical number of university researchers located in the Southern region, and compatibility with the Southern Strategic Research Plan, members of the former NC-183 regional project have elected to draft a new Southern region research proposal. 

Many of the proposed members of this new Southern regional research project have been associated with the very productive North Central Regional Research project which dates back to 1948. In the final six years of this project, 830 publications were generated under NC-183 including 286 referred journal articles, 312 abstracts, 69 published proceedings, 15 book chapters, 3 patents, 80 trade journal articles, 41 M.S. Theses, and 24 Ph.D. Dissertations. From 1948 to 1990, besides other publications, 704 journal articles and proceedings were produced and 227 Theses and Dissertations. These statistics document the excellent productivity of investigators associated with the former North Central Regional Project and serve to indicate the excellent potential of these researchers under the new Southern regional project.

In the period from 1950 to present, roughly the same time duration for the past North Central Regional Project on poultry products (see Appendix 1), poultry has seen a dramatic increase in per capita consumption (retail weight basis}. 

Commodity (lbs)
1950
1970
1980
1988
1994

Beef and veal
51.1
84.4
76.4
72.3
67.5

Pork
52.5
56.0
57.3
52.2
52.5

Lamb and mutton
6.3
5.3
2.8
2.8
2.1


Total red meat
109.9
145.7
136.5
127.3
122.1

Chicken
20.3
40.4
48.8
58.9
71.3

Turkey
4.0
8.1
10.3
15.7
17.9


Total poultry
24.3
48.5
59.1
74.6
89.2

Eggs (number)
383
309
272
244
239

Much of the growth in poultry consumption during the last 20 years has been attributed to the increase in further processed products. In 1970, approximately 80% of the broilers were marketed in the fresh whole bird form. Of the 140 million broilers processed weekly in the United States, only about 11% are currently marketed in the whole bird form, about 53% as cut-up and deboned product and about 36% as further processed and cooked product. This change in consumption patterns, as well as the overall decrease in egg consumption, are reflected in the changing research activities of the past North Central Regional projects over the same period (see Appendix I} and is the driving force behind this new Southern region research project proposal. 

Because evidence points to a continued increase in production and consumption of poultry products, their importance in agriculture and rural life will also likely increase. In 1995, poultry and eggs accounted for about 9.8% of the national farm cash receipts, crops comprised 53.2% and other animal products made up the remaining 46.9%. A number of factors, however, are causing a shift in the distribution. New market forms and products have largely been responsible for the observed increase in poultry consumption. For example, more poultry is now marketed in a further processed form rather than in the ready-to-cook whole carcass form. This is having a profound effect on both the production and marketing of poultry. For example, some hatcheries are killing female turkey poults for lack of sales, while males are in demand for further processing due to higher meat yields. At present, 98% of all turkeys slaughtered receive additional processing of which 28% of carcasses are cut into parts, 40% are further processed into new forms, and only about 2% are marketed as whole carcasses. 

The addition of poultry on the menus of the leading fast food firms and the development of new products has also created an increase in the demand for chicken meat. For example, McDonald's uses more than 3.4 million broilers per week for its McNuggets, Tenders, and Butterfly product lines. It has been estimated that production and consumption of poultry hot dogs has increased to between 40% (all poultry franks} and 50% (red meat and poultry blends} of all hot dogs sold, and the volume of hot dogs and other comminuted poultry meat products continue to increase. These changes have been exemplified by the increased cross activity between red meat and poultry companies as shown by Oscar Mayer, a major red meat product producer, acquiring the poultry product-oriented company Louis Rich. 

All segments of the food industry will be looking for methods of reducing energy costs while demanding safe, high quality, and very convenient foods. Processes such as aseptic processing and packaging, modified-atmosphere packaging, hot-boning of poultry meat, and accelerated processing offer potential for reducing the energy required to preserve and distribute foods and improve processing efficiency. Those processes are also key elements of systems that have the potential for yielding high quality, safe, and convenient poultry foods. 

Other concerns for the quality, color, flavor, functionality, and safety of poultry products are continuing to be expressed. Consumer expectations for quality are increasing while demands for convenience results in processes, such as accelerated processing and precooking, that place severe stress on color, textural and flavor quality because of incomplete resolution of rigor mortis and tendencies for poultry meat lipids to oxidize (i.e."warmed over flavors"). Concerns about microbial safety have been intensified because of continued outbreaks of food poisoning involving poultry products contaminated with salmonellae and other foodborne disease organisms. According to the U.S. Centers for Disease Control and Prevention, Salmonella caused 69% of bacterial food borne disease outbreaks between 1988 and 1992. More recent data from the 1998 FoodNet surveillance report now show Campylobacter as the leading cause of food borne disease outbreaks (41.2%) compared to 29.1 % for Salmonella. The significance of Listeria, enteropathogenic E. coli, Aeromonas, and Yersinia as concern for poultry processors is still undetermined. Furthermore, the influence of production and processing technologies and value-added food products on safety is undoubtedly related and merits continuing collaborative study by the proposed Southern Regional Research Technical Committee. 

RELATED CURRENT AND PREVIOUS WORK:

Other Regional Projects 

There are several regional projects focused on poultry production practices, and only one other regional project, S-263, with food safety objectives. No other regional project is focused on improving both the quality and safety of poultry products by looking at poultry processing as a continuum from farm to table. A distinction should be made between the proposed Southern regional research project and the S-263 regional project entitled Enhancing Food Safety Through Control of Foodborne Disease Agents. Although improving poultry product safety is listed as a sub-objective under this proposed project, there is a clear distinction between the direction and emphasis of the food safety research between these two projects. Under the new proposal, the investigators take an integrated approach to food safety. Our studies are not designed solely around microbiological research, but instead we evaluate all product quality factors including the chemical, physical, sensorial, shelf life, and safety of poultry products and assess how these factors are interrelated and influence each other through-out the processing continuum. The members of the proposed project are also more knowledgeable of the integrated poultry production and processing system and are thus in a better position to have the greatest impact on improving poultry product safety from the farm to the table. Another clear difference between the two projects is that the S-263 investigators are focusing on all food commodities as opposed to the single focus of poultry products under this new project. Since consumption of contaminated poultry products remains as one of the most important vectors of food borne disease, having a critical mass of investigators, such as present in the proposed Southern Regional Technical Committee, with a central research focus on poultry products will provide the necessary resources to attack the problem. 

Some agencies such as the USDA Richard Russell Research Center in Athens, GA, and researchers at other universities are conducting complementary research. Liaison and annual contact will be maintained with these groups and others, via attendance at national scientific meetings. We will also invite them to attend the annual Regional Technical Committee research review. 

Non-Contributing Research 

As determined by a CRIS search, there are other poultry product research conducted by contributing and non- contributing Research Stations and USDA laboratories that are not conducted under the sponsorship of this regional project. 

Results of CRIS search: 

The CRIS database was searched for all poultry and egg commodities under the codes of 2900, including specifically 2920 (eggs), 2930 (meat type chicken), and 2999 (poultry, general). The Research Problem Areas (RPA'S) specifically identified were: 

GOAL IV. Expand the demand for farm and forest products by developing new and improved products and processes and enhancing product quality. RPA 409 Production of animal products with improved acceptability. 

RPA 410 New and improved meat, milk, eggs, and other animal food products 

RPA 412 Quality maintenance in marketing animal products 

GOAL V. Improve efficiency in the marketing system 

RPA 501 Improvement of grades and standards -crop and animal products 

The search resulted in a total of 87 citations. Of this total, 14 were attributed to the past project, NC-183. An additional 12 citations appeared in which at least one of the listed investigators were contributors to the NC-183 project. Nine citations were attributed to the following regional projects. 

· NC-131 Factors Regulating Protein Synthesis, Degradation, and Growth in Skeletal Muscle -3 citations. 

· NC-168 Genetic Control of Adiposity and Growth in Poultry -I citation. 

· S-244 Transportation of Perishables -1 citation. 

· NC-136 Improvement of Thermal Processes for Food -3 citations. 

· NC-167 Health Maintenance Aspects of Dietary Recommendations Designed to Modify Lipid Metabolism -1 citation. 

Of the remaining 52 citations, most were "in-house" USDA-ARS projects or cooperative projects with the USDA. Many of the citations were identified in the search due to the inclusion of poultry or eggs in the commodity listing. 

Critical Review: 

Quality has been defined as those attributes, such as flavor, texture, color, nutritional value and safety, that make a food desirable to the consumer (Murano et al., 1998). Operations during production, processing and storage that cause undesirable changes in the quality of poultry products can lead to decreased consumer acceptance of the product and subsequent economic losses to the processor. This project will address several production factors and processing procedures that currently impact negatively on the quality and safety of poultry products. 

Measures to prevent the biological impairment of meat quality 

Over the last five to ten years there has been a dramatic increase in industry reports of color defects in poultry meat. Color defects in poultry meat are a major problem for the industry, as acceptable sensory properties are extremely important in food marketing. Color is a critical factor because it affects the appearance and initial perception of quality by the consumer prior to purchase. Color variations in meat pieces packaged in a single container can negatively affect the purchase decision by consumers (Boulianne and King, 1995). Store surveys in North Georgia were conducted to determine the incidence of breast meat color variations. Of the 1020 packages observed, 72 had at least one fillet noticeably different from the others. In almost all cases, the different fillet was darker than the rest (Fletcher, 1999). 

Faustman and Cassens (1990) and more recently Froning (1995) reviewed many of the factors affecting the color of meat systems. The role of reducing conditions (Cornforth et al., 1986; Ahn and Maurer, 1989), certain ligands complexing with heme pigments (Ahn and Maurer, 1990b) and cytochrome c (Ahn and Maurer, 1989; Heming et al., 1990; Girard et al., 1990) have been reported to playa significant role in determining poultry meat color. Ahn and Maurer (1990) also found that added salts and phosphates amplified pinkness problems because of solubilized proteins, altered pigment heat stabilites, and elevated pH. Faustman and Cassens (1990) reviewed the role of met myoglobin reductases in red meat products. These reductases may also be important in pink color problems in poultry muscle. Research is needed to study the involvement of product pH, redox potential, packaging environment, ionic strength, raw meat color, and microbial growth on the undesirable cooked turkey breast meat pinkness defect. 

Previous research has shown that antemortem and processing factors can also influence ultimate meat color. The rate of postmortem glycolysis is recognized as the most important factor affecting the final quality of most meats, and is affected by various factors such as pre-slaughter handling and treatment, stress, and postmortem handling and temperature. Live bird handling, slaughter, and handling during early rigor development have been shown to influence breast meat pH, color, and texture. Researchers have found that epinephrine-induced stress resulted in significantly darker chicken breast fillets, higher 24 h post mortem breast muscle pH, and significantly greater muscle total heme pigment (McKee and Sams, 1997). More research is needed to understand how live bird handling, slaughter techniques, and handling during early rigor development influence breast meat pH, color, and texture. 

Recently, the pale, soft exudative (PSE) muscle condition in poultry breast meat has become a concern due to its adverse effect on color, as well as on the water-holding capacity, yield or cook loss, texture, and cohesiveness of processed poultry breast meat. Cook losses of poultry products usually average about 5%. Products prepared from PSE meat typically have cook losses of 15% or greater (Woefel et al., 1998) resulting in large economic losses for processors. 

The incidence of PSE poultry (both chicken and turkey) meat has been reported to range from 5-30% depending on season, production facility and processing plant (Owens et al., 1998a; Woelfel et al., 1998). Modern poultry has been bred to maximize muscle growth, but unfortunately, this has led to processing problems which have been related to the PSE condition (Pietrzak et al., 1997). The PSE condition in meat is exacerbated by rapid onset of rigor mortis resulting in a low muscle pH while carcass temperature is still high (Sosnicki, 1995; McKee and Sams, 1998). Research suggests a genetic link between breeding for rapid growth and PSE meat (Sosnicki, 1995). More research is needed to understand and control PSE related problems in poultry. 

Heat stress is one cause of PSE meat (McKee and Sams, 1997; Owens et al., 1998b). The incidence of PSE meat increases substantially in the early summer months (from 5 to 30%) but subsides to more normal levels from late summer until spring. Preliminary research suggests that this is because the large, mature birds are unable to tolerate the sudden onset of stressfully high temperatures. One major difference between poultry processed during the summer and other seasons is the acid-base balance of the muscle. Readjusting these acid-base imbalances by manipulating dietary acid-base could reduce heat stress and postmortem glycolytic rates to improve meat quality. More research is needed to understand the physiological changes in muscle during heat stress which lead to undesirable changes in meat color, yield and texture. 

Blood splash/bruising/hemorrhaging occur frequently in poultry muscle and are viewed as significant quality defects (Lyon and Lyon, 1986; Lyon et al., 1986). Such defects are caused by vascular system failure either due to trauma or pathological process. There is a general lack of knowledge as to the dominant reasons for these occurrences, the best approach for relief, practical means of measurement, and the relationship between degree of residual blood and its impact on quality perception by the consumer. An integrated effort is needed to study quality issues attributable to blood-related problems that appear in the chicken and turkey products. 

Traumas leading to major vascular faults are often related to skeletal failure. Such failures generally occur prior to slaughter, particularly with handling during the last 24 hrs. Many such incidents can be attributed to sub- optimal dietary levels of vitamin D, calcium, and/or phosphorus that does not impact live bird performance (Moran, 1996). Processors have reduced the amount of phosphorous in poultry diets due to its high cost as a feed ingredient and relationship to pollution (through manure). Thus, marginal phosphorus is the most likely reason for inadequate skeletal strength in poultry (Chen and Moran, 1995). Alterations in diet and commercially available additives that would improve the skeleton and relieve blood splash/bruising/hemorrhage problems are needed. Phytase is one means to increase dietary phosphorus while also relieving pollution potential of poultry manure. 

Failure of the blood clotting mechanism in poultry during antemorten handling may also accentuate blood loss from vascular faults that would not ordinarily create a problem (Bilgili and Boudreaux, 1997). Blood clotting problems may be due to inadequate consumption of vitamin K or the presence of mycotoxins in feed that alter the effectiveness of Vitamin K. Research is needed to better understand the role of vitamin K on muscle bruising. 

Investigators have looked at the effect of holding conditions, stunning, and picking on the development of hemorrhagic leg syndrome in broilers. Preslaughter handling, particularly stunning is know to increase the extent of bruising and blood splash depending on the pre-existing condition of the broilers (Poole and Fletcher, 1998). Electrical stunning and has been found to increase muscle hemorrhaging (Burson et al., 1983). The severity of the electrical stunning process that is capable of killing the birds also causes a reduction in carcass quality (Moran and Bilgili,1996). Hillebrand et al., (1996) evaluated the effects of electrical stunning as compared to mechanical stunning (captive bolt) on meat quality. Captive bolt stunning was found to cause less hemorrhages in the breast and thigh muscle when compared to electrical stunning. There is some indication that CO2 immobilization may increase bleed-out and reduce hemorrhaging in poultry muscle (Wilson and Brunson, 1968). Denmark has largely converted to CO2 immobilization for swine because of improved color and better bleed-out (Danish Meat Research Institute Annual Report, 1985). The effect of various commercial stunning methods on the type and incidence of hemorrhaging problems needs to be determined. 

Improving poultry meat safety and quality by irradiation 

Irradiation of poultry products to control pathogenic microorganisms at a maximum dosage of 3.0 Kay was approved by the FDA in 1990 followed by USDA approval of guidelines for irradiation of raw packaged poultry in 1992 (Hashim et al., 1996). Although extensive research on irradiation, focused primarily on the safety of raw poultry products, has been carried out for over 40 years, there is still more research needed to maximize the safety, quality and acceptability of cooked and raw irradiated poultry products. Concern over the use of ionizing radiation is decreasing as consumers understand the benefits of irradiation as an effective technique for eliminating pathogens from meat products (Bruhn and Schutz, 1989). 

Unfortunately, irradiation at doses above 1.0 Kay may adversely affect the quality of many poultry products due to deleterious changes in odor, flavor, color, texture and nutritive value (Murano et al., 1998). These changes are primarily caused by lipid oxidation which is accelerated in irradiated meat due to the generation of hydroxyl radicals (Hashim et al., 1995; Paul et al., 1998). Poultry meat is rich in polyunsaturated phospholipids, thus the fat is much more susceptible to lipid oxidation than most other muscle foods. Composition modification to increase the concentration of omega-3 fatty acids in poultry meat exacerbates this problem. Lipid oxidation products may also be toxic and contribute to cancer, cellular damage, aging, atherosclerosis and olher human diseases (Kanner et al., 1987). Irradiation dose, processing temperature, and packaging conditions strongly influence the safety and nutritional quality of poultry. However, our understanding of the effect of irradiation on lipid oxidation and flavor changes of raw and cooked meat during storage and subsequent control of these changes is limited. More work is needed to understand and control the effect of irradiation on lipid oxidation and flavor of meat to facilitate implementation of irradiation technology in poultry. 

Food grade synthetic antioxidants and natural antioxidants are somewhat useful in retarding lipid oxidation (King et al., 1995; Paul et al., 1998). Work with natural antioxidants and utilization of advanced packaging materials to prevent free radical formation and lipid oxidation associated with irradiation is needed. More research is needed to determine the effect of packaging and antioxidant combinations on lipid oxidation and flavor changes in irradiated and non-irradiated cooked poultry meat during storage. Additionally the mechanism by which these additives reduce off-flavor is not completely understood. 

The use of different types of packaging in conjunction with irradiation to control microbial growth in products has been the focus of only a few studies (Thayer, 1993; Lee et al., 1996). Quality parameters were not addressed in these studies. Although modified atmosphere packaging has been successfully used to control lipid oxidation and extend the shelf-life of refrigerated raw chicken and ground chicken (Baker et al., 1985; Hotchkiss et al., 1985), its use in combination with irradiation to maintain quality throughout product shelf-life has not been determined. 

Changes in product texture due to proteolytic activity may also limit the shelf-life of irradiated products, as enzymes are not destroyed by irradiation (Urlings et al., 1993; Hwang and Hau, 1995). Also, migration of potentially toxic packaging materials, such as plasticizers, into the product can be exacerbated by irradiation processing (Goulas et al., 1995; Goulas and Kontominas, 1990). There is a critical need to evaluate all product quality attributes (color, flavor, texture), as well as microbial stability, and to assess the first failure characteristic in extending the shelf-life and quality of irradiated poultry products. 

Finally there is a need to investigate the use of irradiation to control pathogens on cooked product. Post- processing contamination is a major problem in the poultry industry and has led to many food borne disease outbreaks in products such as deli meats and frankfurters. Contamination can occur when cooked meat is handled and repackaged after cooking. 

Enhancing the safety of poultry products by improving unit operations during processing 

Preventing the spread of bacterial pathogens to food products requires a multiple hurdle approach that should begin during production and continue through-out processing. The problem of microbial contamination represents a very significant challenge that will require many approaches to control pathogens in poultry. It is likely that it is going to take an entire system of control to reduce microbial contamination that plagues the poultry industry .The Hazard Analysis Critical Control Point (HACCP) system is currently being adopted by poultry processors. The implementation of this system into the poultry industry has increased the need for measures to reduce pathogens at each step in the processing operation. 

Twenty years ago it was generally thought that carcass processing procedures (primarily automated evisceration) was the primary cause for Salmonella contamination of the processed carcass. Numerous studies now suggest that birds are contaminated with the organism long before they enter the processing facility (Lillard, 1990; Izat et al., 1990a). Chicks quickly become colonized with Salmonella, Campylobacter, and Listeria if exposed at an early age (Cox et al., 1988; Bailey et al., 1990a). Shedding of the organism during production may leave the ceca and intestinal tract free of the organism at the time of slaughter, but the environment in which the birds have been exposed during production has served to contaminate the exterior surface of the bird. Thus, when the birds arrive at the processing facility the contamination has already occurred. Subsequent processing steps serve to eliminate much of the contamination that has occurred during production, but many of the organisms are very firmly attached to the skin surface and are nearly impossible to remove using current commercial; processing practices (Lillard, 1989; Izat et al., 1990d). 

The addition of various feed additives may have a significant impact upon the intestinal and carcass microflora of processed carcasses (Rouse et al., 1988; Oyofo et al., 1989; Izat et al., 1990a). Various management techniques may also influence contamination rates (Izat et al., 1989a; Papa, 1990). However, if a high percentage of chicks are colonized by pathogenic organisms upon arrival at grow-out facilities it becomes necessary to investigate means to control contamination prior to the hatchery, perhaps in the breeder flocks (Cox et al., 1990). 

The dynamics of salmonellae colonization of birds during poultry production needs to be studied further to identify cellular and biochemical characteristics, that allow Salmonella to colonize the avian intestinal tract. More research into competitive exclusion and yeast cultures to protect poultry against colonization by pathogens is required (Line et al., 1998). Given that Salmonella can originate from eggs or chicks of infected parent breeder flocks, reduction of this organism at early stages of production is critical (Bailey et al., 1998). Factors required for early establishment of Salmonella in poultry must be established and appropriate control measures developed. 

More studies are needed to facilitate the design of processing equipment and procedures to reduce numbers of pathogenic microorganisms on poultry products. Much information has been added to the literature concerning the significance of pathogenic organisms present on poultry products by the former NC-183 project and by other research laboratories. The commercial processing procedures currently used by the poultry industry have been shown to reduce overall bacterial contamination, despite what the news media has told the consuming public (Lillard, 1990). We now have an accurate estimate of the incidence rates, levels, serotypes, plasmid profiles, and drug resistance patterns of salmonellae present on commercially processed poultry products available at retail (Stickley and Stephens, 1989; Adams et al., 1990). 

Cross-contamination of poultry carcasses during scalding and chilling is a major problem facing the poultry industry. Many chemical additives have been evaluated for use in processing waters for control or elimination of pathogenic organisms. One approach is the use of various additives in the chiller water, such as trisodium phosphate, ozone, organic acids, and chlorine (Kim and Kim, 1991; Lillard, 1993; Lillard, 1994). More work is needed to elucidate the efficacy of various chemical/physical means of disinfecting poultry carcasses during processing including ozonation, chlorination, sonic oscillation, organic acid sprays/rinses, surfactants, alkaline compounds, chorine dioxide and natural inhibitory compounds (bacteriocins, inhibitory peptides, natural extracts, and various spices). Some of these additives have been extremely successful, but unfortunately produce adverse sensory and quality effects on the product (Izat et al., 1989b; Izat et al., 1990b; 1990c). Although many of these treatments effectively reduce the number of pathogens on carcasses, the effect on product quality factors (such as color and sensory attributes) is not well known. 

Although Salmonella-associated foodborne disease is of major concern to the poultry industry . Campylobacter contamination has overtaken Salmonella as the leading foodborne pathogen. The ability of these organisms to attach to the chicken skin carcass increases the difficulty in removing or inhibiting the bacteria. In order to better understand the attachment of Salmonella and Campylobacter on poultry skin. Conner and Bilgili (1994) developed a skin-attachment model system to evaluate the ability of disinfectants to inhibit/remove. Salmonella from carcasses. Jeong- Weon et al. (1993) studied the effect of scalding at different temperatures on the attachment of Salmonella species to chicken skin. Slavik et al. (1995) also studied the effects of altering scald temperature on reducing carcass bacterial loads. Scalding resulted in a reduction in overall bacterial levels but did not decrease Campylobacter or Salmonella populations. 

Studies completed by Gobat and Jemmi ( 1993) demonstrated that a high recontamination rate of cooked or smoked meat products often occurs following packaging. This finding suggests that there is a need for packaging which has antimicrobial properties. Modified atmosphere packaging in conjunction with the use of added antimicrobial metabolites have been evaluated by Kakoun and Nychas (1994) and Zeitoun and Debevere (1991; 1992). They found that the addition of antimicrobial agents to packaging under a modified atmosphere extended the shelf life of the products. 

Naturally occurring antimicrobial compounds, such as nisin, have been reported to eliminate greater than 99.9% of a Salmonella population residing on the surface of artificially-contaminated chicken skin and to extend the refrigerated shelf life of broiler drumsticks by 2-3 days (Shefet et al.. 1995; Natrajan. 1997). More research is needed to evaluate the efficacy and modes of application of bacteriocins and other naturally occurring antimicrobial compounds to control foodborne bacterial pathogens and spoilage microorganisms associated with poultry meat. More research is needed to understand the effect of aerobic versus anaerobic packaging systems packaging film permeability to oxygen and water vapor, and the utilization and application of new biodegradable and/or edible films for enhancement of poultry meat quality. color safety and shelf life extension. 

PROJECT OBJECTIVE & SUB-OBJECTIVES: 

To improve consumer safety consumer acceptance and the commercial profitability of poultry meat and eggs by improving or reducing critical problems associated with the quality of poultry meat and eggs, specifically color, flavor, or texture of the product, and the safety of poultry meat and eggs, specifically colonization, contamination, and subsequent pathogen growth. 

Sub-Objectives: 

1. To Reduce Blood Splash/Bruising/Hemorrhaging-Related Problems in Poultry Products (color problems). 

2. To Reduce the Causative Factors of Biologically Impaired Meat Quality. 

3. To Better Understand and Eliminate the Negative Impact of Irradiation on Poultry Meat Quality. 

4. To Better Understand how Production and Processing Factors Impact the Safety of Poultry Products. PROCEDURES. 
1. Blood Splash/Bruising/Hemorrhaging in Poultry -Color Problems (AL, GA, NY, USDA- Athens, GA, WI) 

A. Live Production and Processing. 

Traumas leading to major vascular faults are often enabled by skeletal failure. Such failures generally occur prior to slaughter particularly with handling during the last 24 hours. Many such incidents can be attributed to sub optimal levels of vitamin D. calcium. and/or phosphorus nutrition that is often without impact on the live performance of birds. Given its high cost as a feed ingredient and the recent implication for water pollution. marginal phosphorus is the most likely culprit for inadequate skeletal strength in commercial practice. AL will employ standard feeding programs with broilers using commercially available additives that are recommended to improve the skeleton and to relieve blood-splash, bruising, and hemorrhage problems. Phytase is attractive as a means to both improve effective dietary phosphorus absorption while also decreasing environmental pollution potential. Broilers will be given feeds marginal in phosphorus and a commercial phytase will be either included or excluded. At termination birds will be handled and processed using simulated commercial conditions. Carcasses will be graded for bruising and broken bones then cone-deboned. Skinless boneless meats will be evaluated for blood splash. All samples having major or minor blood problems will be collected together with appropriate controls for further studies among cooperating laboratories. 

Failure of the clotting mechanism during antemortem handling may also accentuate blood loss from vascular faults that would not ordinarily be obvious. The likely reason is inadequate vitamin K that may be either directly associated with low vitamin intake or mycotoxins in feeds that alter vitamin K effectiveness. Using dicumarol as a model mycotoxin, AL will give contaminated feed to broilers and evaluate carcass bruising together with blood splash of skinless boneless meats. Again, appropriate bruised and blood splashed samples with controls will be sent to other experiment stations for subsequent evaluations. 

Preslaughter handling, particularly stunning, is known to increase the extent of bruising and blood splash, depending on the pre-existing condition of the broilers. GA will compare stunning procedures likely to be used in commercial plants. Measurements involve the type, size, and incidence of hemorrhaging problems. Paramount in this experiment will be to control and evaluate a range of electrical currents and to evaluate the possible advantages of gas stunning. Again, associated skinless boneless meat samples resulting from these procedures will be saved for further analyses by other cooperating experiment stations. 

B. Measurements, 

Breast fillets, tenders, and skinless boneless thigh meats showing blood "problems" that were previously collected on the basis of "appearance" will be used by the other stations for the following measurements. A comparison between objective and subjective measurements will be performed by NY and WI. Hunter"a" is a practical objective means to determine the extent of hemorrhaging in meat. The relationship between Hunter"a" and hemoglobin in fillets, tenders, and thigh meat has to be established if reflectance is to be employed as a standard procedure for evaluation. Likewise, the relationship between Hunter"a" and appearance to the consumer has to be correlated. USDA-Athens will employ sensory panels to evaluate the extent that Hunter"a" relates to adverse assessments of appearance by consumers. Subsequent sensory evaluations of cooked product will determine if either taste, aroma, or texture are influenced by the extent of blood problems. Fillets, tenders, and thigh meats from production experimentation enable removal of strain, age, sex, feed, and processing conditions as confounding factors. 

AL will develop a practical yet simple whole blood clotting assay for birds using avian brain 

thromboplastin as an activating agent to study the extrinsic pathways of coagulation. This test should allow quantitative assessment of the «predisposition" to blood splash and/or hemorrhaging problems. Blood samples from birds given inadequate amounts of vitamin K or fed dicoumarol will be used to correlate blood values to actual defects assessed after processing and deboning. 

C. Further Processing. 

Meats containing blood may be treated during further processing to minimize color-related problems. "Salting" in one form or another is known to hemolize red blood cells and "solubilize" the heme. Whether the "salting" that occurs with Kosher-type treatment of the whole carcass or marination with skinless boneless meats, alters the degree of "staining" will be evaluated. NY will evaluate whole carcasses exhibiting different degrees of blood splash/bruising following Kosher processing and measure the extent of color change. WI will evaluate common marinades with skinless, boneless meats from cone deboning together with normal processing procedures, particularly with tumbling as a means to minimize blood splash/bruising and to recover the best possible product. Appropriate carcasses and samples of fillets, tenders, and thigh meat obtained from the earlier live production experiments will be provided by AL to accomplish the requisite experiments on measurements and further- processing sections of this proposal. Intermediate and final results of these studies will be compiled by AL and distributed via hard copy and email to participating investigators. Furthermore, information will be extended to the industry through presentations at scientific and industry meetings (i.e., Poultry Science, Southern Poultry Science Society, U.S. Poultry & Egg Association's International Poultry Exposition, Poultry Workshops, etc.), development of a technical bulletin for distribution to poultry producers and processors, and drafting of trade articles for circulation in commodity publications (i.e., Extension Newsletters, Poultry Times, Meat Processing -North American Edition). 

2. Biologically Impaired Meat Quality (TX, AL, MI, SC, NY, WI, IA) 

This multi-institutional and multi-dimensional effort will involve research on three fronts; the farm, the slaughter plant, and the fabrication/retail environments to achieve a farm-to-table approach for providing solutions for the reduction or better utilization of the defective PSE meat. Within each of these dimensions, the focus of the studies will be on identification of causative factors for the defective meat in an effort to reduce its incidence, characterization of the defective meat, or corrective factors/techniques that may improve the utilization of the defective meat. 

Having conducted much of the preliminary research, TX will coordinate this area of the regional project effort. Because of their extensive live production and slaughter facilities and their cooperative relationships with industry, AL and TX will study the involvement of genetics (strain, halothane sensitivity), nutrition (protein and energy to support or restrict maximum growth rates), environment (heat stress, flock density, etc), and preslaughter handling on the development of PSE meat. AL will work with broilers while TX will study both broilers and turkeys and the exchange of birds and information between these two stations will provide another level of verification and coordination. The defective meat will be characterized with standard meat quality and postmortem metabolism measurements such as lightness (Hunter L value), muscle pH decline, and adenosine triphosphate depletion (McKee and Sams, 1997; 1998). In support of these live production studies, MI will evaluate tissue samples provided by the other stations for the presence of the defective genes causing the PSE condition (Mickelson et al., 1989; Louis et al., 1993). MI has developed unique poultry isolation and characterization procedures for the receptor protein encoded by the defective gene but have limited access to PSE meat for study. The specific goal will be to develop a nondestructive screening method for defective animals so that they could be excluded from breeding and eliminated from the genepool. This gene defect effort will be most closely aligned with the TX work on using halothane sensitivity as a selection method to identify birds prone to PSE (as it is with swine) (Wheeler et al., 1997; Owens et al., 1998b). 

In the next step of the farm-to-table approach, the processing plant, many stations will be involved in different but coordinated studies on PSE meat characterization and on determination of causative and corrective factors. TX and AL will focus on characterizing the effect of rigor mortis development (pH and A TP decline) in PSE meat on the lightness and loss of water holding ability (expressible moisture method of Urbin et al. (1962». Using the above-mentioned measurements, TX will also evaluate processing techniques that may reduce PSE incidence (low amperage stunning, rapid chilling). MI will evaluate the relationship between the altered environment caused by the PSE condition (low pH and high temperature) and the structure/function of the primary myofibrillar protein, myosin (Pietrzak et al., 1997; Wang and Smith, 1994a,b). The potentially denaturing conditions present in PSE meat can alter protein and water binding by affecting the structure of muscle proteins. Determining how this deleterious effect occurs will help MI and other stations to devise corrective actions to more effectively use this defective meat in products. For example, specific marination conditions (marinade composition, concentration, temperature, or pH) could reverse the negative characteristics in PSE meat. With input from MI; SC, TX, and WI will evaluate marination treatments for their effectiveness at correcting the defective meat or making it more able to be economically used. Protein functionality information from MI will also help NY and WI characterize (lightness, protein binding, and water holding ability) the use of this defective meat in loaf and emulsion products and help SC evaluate how the PSE condition influences film-meat adhesion (Clardy and Dawson, 1995; Clardy et al., 1998) in cook-in-bag products. Because the altered conditions of PSE meat may alter bacterial sensitivity to antimicrobial factors, IA will evaluate the effectiveness of irradiation in PSE meat and will provide irradiated PSE meat to the above-mentioned stations for characterization. 

The final phase of the farm-to-table approach is evaluation of the final product and other retail considerations. Some of these efforts will be the part of other studies, such as AL, SC. TX, and WI evaluating drip loss, cook loss, package purge, or shelf life in studies that characterize defective meat, corrective marination , conditions, or meat-to-film adhesion. SC and WI will also conduct sensory analyses (objective and subjective sensory methods) of the cooked meat or finished meat products as the ultimate measure of consumer quality and acceptability. 

This comprehensive and coordinated effort should result in a better understanding of the PSE problem and a series of industry recommendations concerning contributing and potentially corrective factors on the farm, in the processing plant, and through the retail level. These recommendations will be disseminated through traditional research journals, as well as trade publications and symposia. One such symposium was held in 1995 and a sequel is being organized for 1999. 

1. Irradiation Impact on Poultry Meat Quality (IA, AL, AR, CA, FL, GU, MI, SC, TX) 

A. Production of Animals and Sample Preparation. 

Broilers and turkeys will be reared and slaughtered by researchers at A U and TX, respectively. Carcasses will be deboned and shipped overnight to MI and S C for subsequent marination and/or packaging treatments. Marinades will be formulated with combinations of salt, phosphates and various natural antioxidants and applied to the deboned meat. Packaging treatments consisting of vacuum, aerobic. or modified atmospheres using varying ratios of CO2 and N2 gases will be applied to the formulated test products and then the products shipped overnight to IA for irradiation. 

B. Irradiation Treatments. 

Marinated and packaged whole chicken and turkey breast, leg and ground meat will be irradiated at 4°C with accelerated electrons to an average absorbed dose of 0, 1.5, or 3.0-kGy (dose rate of 107 kGy/min) using a Linear Accelerator (Model Circe IIIR). Irradiated samples will be shipped immediately to several experiment stations for subsequent biochemical and sensory evaluation (IA, SC, MI, GU, CA), microbiological characterization (SC, FL, AL, AR), and consumer testing (IA, AR) following refrigerated and frozen storage. 

C. Biochemical and Sensory Characteristics. 

Thiobarbituric acid reactive substances (TBARS), color. off-odors, flavor volatiles. and vitamin B6 content will be determined during storage. Refrigerated samples will be sampled at 1, 4, 8, and 12 days of storage whereas frozen samples will be evaluated at 1, 2, 4, and 6 months of storage at -20°C. Biochemical and sensory characteristics to be evaluated include: flavor and off-odor characteristics (gas chromatographic volatile profiles. lipid profiles, sensory characteristics, and migration of volatiles from packaging materials (SC. IA), lipid oxidation (MI, IA, SC), objective color changes using colorimeters (MI, IA, SC), and cholesterol oxidation products (MI, IA). 

The concentration and identity of volatiles will be determined using a purge-and-trap/GC-MS method (IA). Meat volatiles will also be analyzed using a headspace GC method coupled with MS (SC). Volatiles will be collected at the point of separation and detection and then used for an odor panel "sniff" evaluation. Lipid oxidation of meat will be analyzed using a spectrophotometric (MI, S C , CA) or a fluorometric method (IA). Odor characteristics of irradiated meat will be analyzed by trained sensory panels (SC, IA, CA). The intensity and descriptive characteristics of raw and cooked sample odors and flavors will be analyzed using a descriptive analysis sensory procedure. In addition, an Electronic Nose (Enose) analytical method will be employed to detect differences in odor characteristics generated by irradiation (SC). The Enose utilizes sensors that respond to odors or the volatile compounds comprising an odor. These sensors are composed of conducting polymers or metallic compounds that are not specific to individual volatile compounds but can be "trained" to recognize a particular smell that closely relates to human odor responses. This technology will be applied simultaneously with the sensory panel and gas chromatographic evaluations to determine to what extent the flavor of poultry meat is impacted by varying doses and types of irradiation. 

Meat surface color will be determined using a Minolta Colorimeter (MI, GU, SC, IA, CA). Color values will be reported as L *, a*, b*, chroma and hue values. Functional properties of marinated and irradiated meat will be determined using an Allo Kramer Shear Press/Instron Universal Testing Machine for measuring texture parameters, proteolytic enzyme activities, myofibril fragmentation index, protein extractability, non-protein nitrogen, waterholding capacity, and pH before and after cooking (MI, GU). To determine nutritional quality changes of irradiated meat, vitamin B6 analyses will be conducted using an HPLC method (Olds et al., 1993, AU). 

D. Microbial Safety Factors: AL, AR, FL, SC. 

The Oxoid Salmonella Rapid Test procedure will be followed for determining the presence of Salmonella serotypes on pre- and post-irradiated samples. All presumptive positive tests will be confirmed using the API 20E System (BioMerieux Vitek, Inc., Hazelwood, MO) and Oxoid's Salmonella latex agglutination test. Psychrotrophic microorganism populations will be determined using duplicate sterile 3M Company aerobic plate count Petrifilm. Campylobacter populations of irradiated and control samples will be determined using the procedure described by Hunt et al. (1998). 

E. Consumer Studies. 

A consumer survey on the acceptance of irradiated meat will be conducted at three supermarket chains located at three different locations (IA, AR). Consumer acceptance questionnaires will be developed and distributed to consumers representing a diversity of age, ethnic and educational backgrounds. Changes in consumer attitudes/acceptance toward irradiated meat will be evaluated before and after providing scientific facts on irradiation. Furthermore, consumer willingness to purchase irradiated poultry products at varying prices will be determined. 

4. Production and Processing Factors Impacting the Safety of Poultry Products (SC, NC, AL, USDA-GA, GA, AR) 

Four areas of processing including some selected production-related topics will be examined to enhance the safety of poultry products during processing. The four areas include: 

1. Preslaughter activities -to include competitive exclusion and live haul practices. 

2. Broiler Processing -the focus will be on intervention strategies such as carcass washers and antimicrobials to reduce pathogens. 

3. Egg cooling -characterize the cooling rates of different egg cooling methods and throughout storage and retail distribution. 

4. Packaging -develop antimicrobial packaging to inhibit pathogens and to determine the effects of modified atmosphere packaging on pathogen growth. 

While the focus of each of these four areas will be on pathogen control, where appropriate the studies will include a quality evaluation component since the regional group believes that the safety and quality of poultry products are closely linked. 

1. A study of preslaughter factors on broiler carcass contamination with salmonellae will involve GA, AL, USDA-GA, TX,AR. Collaborative studies will involve the effects of live haul practices including feed withdrawal protocols and competitive exclusion treatments on broiler carcass contamination. The dynamics of salmonellae colonization of birds during poultry production will continue to be investigated with the AL and USDA-GA leading the efforts. These states will work together to evaluate various competitive exclusion cultures (commercially available or those under development at the respective research sites) and vaccines for protection against Salmonella and Campylobacter. Cellular and biochemical characteristics that allow Salmonella to colonize the avian intestinal tract will be identified. The development of competitive exclusion systems will involve sharing research findings and competitive exclusion cultures between TX, AL, USDA-GA, AR. Specific pathogen challenge trials will involve collaborative studies coordinated by the GA station and conducted at the new pilot plant facility located at GA. Feed withdrawal and live haul affects on Salmonella and Campylobacter colonization and cross-contamination will be coordinated by AL. Coordination will involve the establishment of research protocols and experimental designs for research conducted between the stations involved (GA, AL, USDA-GA, TX, AR). Since live bird contamination and production management practices vary considerably (i.e., feed withdrawal and live haul practices) across the industry, the involvement of several strategically located experiment stations on this sub-objective will allow for a more broad-based study to be conducted encompassing more experimental parameters and production conditions. Commercial production practices will be simulated to evaluate the effect of various live hauling conditions (i.e., stocking density, cage design and orientation, environmental factors, seasonal effects, etc.) and feed withdrawal times. The effect of ~ these handling conditions on pathogen populations, shelf life and spoilage rate of processed meat will be evaluated under simulated commercial processing conditions. The pilot plant processing facilities at GA will be used for processing any broilers involved in specific pathogen inoculation studies (i.e., Salmonella and Campylobacter). 

2. Broiler processing unit operations across several commercial processing plants will be examined by NC, USDA-GA, AL, NY, GA, AR. The focus of each of these stations will be to determine the effects of different intervention techniques across plants to reduce bacterial pathogens. The primary focus will be on bird washers but will also include current (chlorine, trisodium phosphate, acid stabilized sodium chlorite) and proposed antimicrobials (i.e., ozone, lactic acid, lactoperoxidase, surface steam pasteurization, etc.) used during processing. The washer variables to be examined will include water pressure, volume, temperature, residence time, nozzle type, physical agitation, companion equipment, and type of washer (inside/outside, brush, cabinet washer). Both GA and AR have state-of-the-art pilot plant processing facilities to conduct inoculation studies with Campylobacte. Salmonella. E. coli O 157:H7 , Listeria monocytogenes and other pathogen challenge studies which could not be conducted in a commercial processing plant. Newly developed processing equipment (scalders, pickers, evisceration equipment, and chillers) will be evaluated in regards to their efficacy in reducing the levels of both spoilage and pathogenic bacteria on poultry carcasses. The USDA-GA group will work cooperatively with The GA College of Veterinary Medicine on evaluating different factors associated with feather removal (picking finger type and composition, cleaning/sanitizing protocols) to reduce carcass fecal contamination and the potential for cross-contamination. NY will compare carcass microbiological contamination data from ethnic (Kosher) slaughter research to data generated from the cooperating stations to determine the effect of different slaughter techniques and equipment on pathogen populations. 

3. Egg cooling effects on egg safety will be conducted by NC, AL, IN, SC with NC coordinating this effort since much of the baseline data on egg cooling has been collected by this experiment station. Egg cooling rates of shell eggs using air chilling, cryogenic CO2 and N2 (NC) and impingement (IN) methods will be determined and compared in controlled studies between these two cooperating stations. In other studies, SC will coordinate the individual efforts between the other stations to assess the temperature distribution of shell eggs throughout commercial retail storage and distribution. Time and temperature integrating tabs (biosensors capable of integrating the time/temperature history of food product or equipment surfaces) under development by NC will be used in this endeavor along with temperature loggers for monitoring the temperature history of storage and distribution facilities. Each station will monitor interior and exterior shell egg quality, microbiological shelf life including total mesophiles, psychrotrophs, and Pseudomonas populations, and Salmonella enteritidis populations. AL will employ a Salmonella enteriditis (SE) growth model to predict SE growth rates from the detailed temperature profiles collected by each station. NC will coordinate data compilation with the ultimate goal to determine the egg temperature profile from hatch to retail and how different cooling and handling methods influences this temperature profile. From these experiments, the most feasible and safest egg handling guidelines will be developed and recommended to the egg industry and USDA. NC and SC will work cooperatively to design and evaluate modified shell egg packages to reduce microbial contamination and breakage during transportation. NC will collect detailed data on egg shape and size of several commercial strains of layers whereas SC will test existing and newly developed shell egg packaging using simulated vibration transportation, drop testing and incline impact tests. 

4. Under the packaging research objective, NC and SC will cooperatively develop antimicrobial film and 

absorbent pad materials for poultry meat products and to evaluate different packaging strategies to inhibit pathogen survival and growth. 

Antimicrobial films and high temperature short time thermal processing 

Studies will be designed to evaluate in-package pasteurization methods that include high temperature and short time thermal processing coupled with packaging films containing antimicrobial substances. Briefly the procedure requires the direct addition of the various combinations of inhibitors (nisin lauric acid. EDT A. citric acid) into the film component mixture prior to film formation. Raw poultry meat products will be inoculated with two different bacterial pathogens: a nalidixic acid-resistant strain of Salmonella typhimurium and Campylobacter jejuni and then vacuum skin packaged with a high oxygen-permeable film. Some product will be packaged with a contact layer having an antimicrobial mixture incorporated into the film. Samples will be taken at specified time intervals and the total number of viable mesophilic psychrotrophic. Salmonella typhimurium and Campylobacter jejuni microorganisms recovered and their populations estimated using standard microbiological procedures. Viable cells of S. typhimurium will be enumerated on brain heart infusion agar supplemented with 1000 ppm nalidixic acid. Campylobacter jejuni will be enumerated using Campy-Cefex agar or Campy-Line agar. Moreover, the efficacy of these films against Salmonella species naturally present on broiler drumsticks will be determined following a similar experimental protocol as outlined above. These studies will be conducted at both NC and SC with NC focusing on Campylobacter and SC on Salmonella. The data will be compiled and analyzed by SC. In other related studies NC and SC will collectively evaluate the HTST pasteurization/antimicrobial film combinations on fully cooked turkey bologna using the pathogenListeria monocytogenes. 

Modified atmosphere packaging 

The use of various combinations of nitrogen carbon dioxide and oxygen gases in package headspaces will be investigated for their control of pathogenic and spoilage microorganisms (SC, NC, GA). Combinations of gases at 100/0%.60/40%.40/60% and 0/100% will be evaluated with ground turkey thigh meat. Combinations will include N2/O2. N/CO2. and O/CO2. Naturally occurring bacteria and inoculated studies with specific pathogens will be conducted. Along with the microbial studies meat color and odor will be determined. Specific microbiological methods as previously described will be employed. These gas treatments will also be used in chicken and ratite shelf life studies. These variations in gas headspace composition and meat type are expected to alter the predominant bacterial species during storage and species. NC and GA will collaborate by each identifying the specific bacterial flora associated with these products and storage conditions. SC, the site where the packaging treatments will be developed, product assembled and packaged, and data compiled and statistically analyzed, will coordinate the shelf life studies. 

Absorbent pads 

Conducted at NC and SC. this research area involves adding food grade antimicrobial compounds (acidulants, bacteriocins. etc.) to commercial cellulose-based absorbent pads for use in packaged raw poultry products. Challenge studies with raw cut-up broiler meat will be conducted using specific pathogens (i.e.. Salmonell, Campylobacter, Listeria monocytogenes) and naturally occurring bacteria to determine the efficacy of the formulations to inhibit the target organisms retained in the absorbent pads and its effect on product shelf life. Once developed. the pads will be provided to SC for further testing with a variety of fresh poultry meat products. Once completed the findings from these packaging research studies will be used by NC and SC to develop active packaging strategies for subsequent release to the poultry industry through publications in scientific journals, the popular press, and Extension publications. 
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ORGANIZATION: 

The membership of the Regional Technical Committee includes: 

a) The regional administrative advisor (non-voting); 

b) A technical representative of each cooperative experiment station, appointed by the respective Director; 

c) A technical representative of each cooperative U.S.D.A. research division or other Federal agency named by the Director of the division or Head of the agency: 

An Executive Committee consisting of Chair, Vice Chair, and Secretary, elected by the Technical Committee members, is designated to conduct the business of the Technical Committee between meetings and to perform other duties as assigned by the Technical Committee. The term of office for each Executive Committee member is two years. The progression is Secretary, Vice Chair to Chair, for a total of six years. 

The Technical Committee will meet annually to review progress, develop research plans and coordinate research efforts in order to maintain the Committee's focus on the objectives identified in the project. During the annual meeting, the research coordinators from each of the lead stations (Table 1) will summarize for the entire regional technical committee the progress made in the specified research areas in meeting the goals of each objective. In addition to the annual meeting, the sub-objective coordinators are responsible for maintaining active communication with their cooperating stations' principal investigators in order to maintain a current knowledge base of research accomplishments within the specified problem area. This linkage will enhance the research effectiveness and productivity, reduce duplication and unnecessary work and strengthen the regionality among the cooperating stations. 

Copies of the Annual Progress Report, including principal accomplishments of contributing projects and minutes of the annual meeting, will be distributed each year to the membership as well as to the corresponding university experiment station Directors, and relevant Poultry Science, Food Science, and Animal Science Departments. In addition, a newsletter will be developed each year highlighting the accomplishments of the regional project. Circulation of the newsletter will be as described in the previous sentence. 

TABLE I. Objectives and sub-objectives for the 1999-2004 Southern Regional Research Project. Coordinating station is designated first and is underlined and in bold. Participating stations are listed in alphabetical order. 

Sub-Obiective 1. Blood Splash/Bruising/Hemorrhaging in Poultry (Color Problems) 

AL, GA, NY, USDA-Athens, WI 

Sub-Objective 2. Biologically Impaired Meat Quality 

IA, AL, IA, MI, NY, SC, WI 

Sub-Obiective 3. Irradiation Impact on Poultry Meat Quality 

LA, AL, AR, CA, FL, GU, MI, SC, TX 

Sub-Obiective 4. Production and Processing Factors Impacting the Safety of Poultry Products 

SC, AL, AR, GA, NC, USDA-Athens,GA 

SIGNATURES:

Jerry A. Cherry (GA), Administrative Advisor (8/30/99)

T.J. Helms for J. A. Cherry, Chair, SAAESD (9/9/99)

George E. Cooper, CSREES (9/24/99)

ATTACHMENT A: 

PROJECT LEADERS (underlined), PARTICIPANTS, LOCATION AND AREA OF SPECIALIZATION: 

Participants
State
Agency/Institution
Area of Specialization

Key: C (composition), CH (chemistry/biochemistry). CO (color). F (functionality), MB (microbiology), N (nutrition), P (proteins), PD (production), PK (packaging), PR (processing), PY (physical), S (sensory) 

SAES Participants (Southern Region)

E. T. Moran, S. Bilgili, D. Conner
AL
Alabama AES
C, MB, N, PD, PR

A. L. Izat
AR
Arkansas AES
MB, S

S. K. Williams
FL
Florida AES
MB

D. L. Fletcher, S. M. Russell, J. Northcutt
GA
Georgia AES
C, CH, CO, MB, PD, PR

J. A. Cason
GA
USDA-ARS, Athens
C, MB, S

B. W. Sheldon, P. A. Curtis




J. C. Acton, P. L. Dawson
SC
South Carolina AES
CH, F, MB, P, PK, PR, PY, S

A. R. Sams
TX
Texas AES
C, CH, CO, F, P, PD, PR, PY, S

SAES Participants (Other Regions)

A. J. King, G. Zeidler
CA
California AES
C, CH, P, PY

D. Ahn
IA
Iowa AES
CH, PY, S

D. M. Smith
MI
Michigan AES
C, CH, F, P, PK, PR, PY

J. Regenstein
NY
Cornell AES
C, CH, F, P, PR, PY, S

B. S. Walters
WI
Wisconsin AES
C, CH, CO, PK, S

Non-SAES Participants

S. Barbut
Canada
Univ. of Guelph
CH, CO, F, P, PR, PY, S

Advisors

R. D. Reynnells
DC
USDA/CSREES
Technical Representative

J. A. Cherry
GA
Georgia AES
Administrative Advisor






ATTACHMENT B: RESOURCES: 
State
Committed Annual Input1
Sub-Objectives2


SY
PY
TY


Alabama
1.22
0.99
2.70
1,2,3,4

Arkansas
1.50
0
0.92
3,4

California
0.50
0.50
0.70
3

Florida
0.50
0.35
0.35
3

Georgia
1.65
0.33
2.00
1,4

Guelph*
0.60
0.60
0.35
3

Iowa
0.45
0.75
0
2,3

Michigan
0.20
1.50
0
2,3

North Carolina
0.70
1.00
0.25
4

New York
0.10
0
0
1,2

South Carolina
1.30
0.25
1.00
2,3,4

Texas
0.10
0.25
0.50
2,3

USDA/ARS
1.00
0
0
1,4

Wisconsin
0.10
0
0
1,2

1 SY=scientist years; PY=professional years; TY=technical support years.

2 As listed in Table 1.

* Participation only, no allocation of funds possible from a Canadian University.

APPENDIX I
The emphasis of the past North Central Regional Research Committee is reflected in the evolution of titles of the regional project since 1950. 

· 1950 Minimizing quality losses in eggs and dressed poultry in market channels. 

· 1955 Maintaining quality of poultry products in marketing channels. 

· 1960 Improving market quality and utilization of poultry products. 

· 1965 Improving acceptability, stability and utilization of poultry products. 

· 1970 Improved processing and utilization of poultry products. 

· 1975 Composition, nutritive value and stability of poultry meat and egg products. 

· 1980 Function, nutritive composition, quality, stability and efficient production of poultry meat and egg products. 

· 1986 Development of new processes and technologies for the processing of poultry products.

· 1992 Development of new processes and technologies for the processing of poultry products. 

L. E. Dawson and R. G. Garner. 1969 (World's Poultry Science. Vol. 25, pages 15-23) summarized the project contributions to that date. Those areas that were singled out as having the greatest impact were: 

1. Improved egg cleaning.

2. Improved egg quality. 

3. Egg quality measurements. 

4. Improved meat birds. 

5. Improved shelf-life of fresh poultry. 

6. Meat yields from poultry. 

7. Improved dried egg products. 

8. Composition data on eggs. 

9. Poultry meat products. 

10. Pasteurization and function of eggs. 

In the 1986 to 1991 revision (1986) five additional contributions were identified (l-5). Over the past five years 7 other significant contributions have been added to the list (1992-1997). 

1. Better definition of the nutritional composition of eggs and poultry products. 

2. New egg products such as hard cooked eggs, pickled eggs, egg puffs and fermented egg products. 

3. Quality and use of mechanically deboned meat. 

4. Improved meat binding via new processes. 

5. Enhanced quality and safety of poultry products. 

6. Development of commercial electrical stimulators. 

7. Cryogenic cooling of shell eggs. 

8. Development of a cholesterol-reducing technology for liquid egg using cyclodextrins. 

9. Development of a surimi-like process for recovering functional proteins from MDPM. 

10. Development of an ELISA procedure for verifying end-point cooking temperature of poultry products. 

11. Development of a commercial barrier packaging film to stabilize color in precooked and cured poultry meat products. 

12. Development of a quantitative measurement for determining meat to packaging film adhesion characteristics. 

It is interesting to note that over the last 40 years there has been a steady change from predominantly egg research to more and more poultry meat research. This trend very much follows the change in industry practices as well as consumer eating habits. The regional project has shown that it is able to adapt and respond to changes in our society. Recent emphasis on further processing technologies and food safety during the last nine years attest to this adaptation. It is anticipated that future research emphases under the Southern Region Research Project will also address important societal issues. 

REGIONAL PROJECT PUBLICATIONS: 

From 1948-1990 (as contained in the 1986 and 1992 revisions), the regional project has been extremely productive: 

· Regional Project Publications II 

· Refereed Journal Articles and Published Proceedings 704 

· Trade and Popular Articles 92 

· Station Bulletins and Fact Sheets 33 

· Theses (M.S.) and Dissertations (Ph.D.) 227 

In the period from 1991-1996, the NC-183 participants have published over 830 publications. The major publications are listed at the end of this reportl. 

· Refereed Journal Articles (with citations) 206 

· Refereed Journal Articles (accepted or in press) 80 

· Abstracts of Papers Presented 312 

· Published Proceedings 69 

· Books 0 

· Book Chapters 15 

· Review Articles 0 

· Patents: 3 

· Popular or Trade Journal Articles: 80 

· M.S. Theses 41 

· Ph.D. Dissertations 24 

1This summary is based upon information requested from all participating members. Not all members and stations responded. 

It should be noted that a high percentage of the present committee received their Ph.D. degrees working under members of this Regional Project. Two, three and four generation members (as defined as being former students under Regional Project major professors) have been associated with this past project and many of its present members anticipate participating in the new Southern Region Research Project. 
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