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The Meat Processor’s Journal lets processing executives, plant managers and R&D personnel explore the emerging science, methods and trends pertinent to critical meat processing.
Volume 1 on whole muscle processing is a compilation of expert knowledge, practices and technologies developed from the production of premium whole muscle products. It contains video, live web links and detailed graphics that you can download on the e-reader of your choosing. 
From choosing the raw materials to packaging options, every step in the process affects the end product – and it’s all explored in depth throughout this journal, allowing our audience to remain current in the industry.
 
Video_Intro_1.mp4
Click to play the video and then return to read the rest of the book. 
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Definition of Whole Muscle Processed Meat/Poultry Products
By Jay Wenther, Ph.D, and Michael Fielding
 
In recent years the definition of “whole muscle” processed meat products increasingly has become used more loosely in the meat and poultry industry – and particularly in the production of ready-to-eat (RTE) deli products. For processors hoping to enter this growing niche market, an official scientific or regulatory definition of whole muscle simply doesn’t exist.
In general terms, a true whole muscle processed product consists of a single, intact muscle group. Full primals or sub-primal pieces of meat or poultry (e.g., roast beef and turkey breasts) typically are identified as true whole muscle products.
A common example is traditional boneless ham, produced from a single cured pork leg in which the leg is skinned, trimmed, boned, injected, tumbled, netted, thermally processed and chilled. It often consists of the inside cushion (semimembranosus), outside cushion (biceps femoris), eye (semitendinosus) and knuckle muscle (vastus medialis).
Another example is conventional roast beef derived from the whole inside round muscle (consisting of mainly the semimembranosus muscle). These types of products may go through several processing steps (such injection and tumbling), but they are not ground or processed into smaller pieces and reconstructed into a finished deli product.
These products are made from larger pieces that have been processed and pressed back together via a casing, netting or mold.
 
On the other hand, some deli products are technically considered “sectioned-and-formed” or “chunked-and-formed.” In that case, although an official scientific or regulatory definition doesn’t exist, these products are made from larger pieces that have been processed and pressed back together via a casing, netting or mold. Sectioned-and-formed products often are used in large volumes for end users seeking a very consistent finished product in both size and shape.
Think commercial deli ham: The ham pieces may undergo several processes (such as grinding, cutting and maceration), but they must be derived from ham muscles; pork shoulder muscles cannot be used in the production of a sectioned-and-formed ham product. Therefore, ham muscle pieces are injected, macerated, tumbled, stuffed, thermally processed and chilled to manufacture the boneless deli ham product.
Due to rapid advances in meat processing techniques, the U.S. Department of Agriculture’s (USDA) Food Safety and Inspection Service (FSIS) determined more than three decades ago that the term “sectioned-and-formed” was no longer required on boneless ham labels. The same labeling policy now applies to product to which a small amount of ground or emulsified meat/poultry is added – provided the ground meat is made from trimmings removed during the sectioning process.
The amount of ground or emulsified trimmings used in the process must not represent more than 15% of the fresh, or green, weight of the product protein block at the time of formulation. Products containing more than 15% ground or emulsified trimmings must be labeled to indicate the presence of the trimmings added.
These advances in meat processing techniques and modifications to regulatory labeling requirements have allowed the industry to produce products that conform to the public’s expectations for deli-type processed meat and poultry products.
The terms “whole muscle” and “sectioned-and-formed” are used interchangeably throughout this e-book because both the meat industry and capital equipment suppliers of whole muscle technology have acknowledged that – although the processed product is truly not whole muscle – processing technologies have progressed to allow the industry to utilize larger whole muscle pieces and maintain muscle integrity throughout the processing of such products.
These advances have allowed the industry to produce large volumes of products that are much more consistent – and offer a greater value for both processor and consumer.
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By Chris Scott and Bob Moser
 
Over the past quarter-century vast changes have taken place in the whole muscle marketplace. In a market segment once driven by packers, both producers and foodservice operators have taken over as the influencers.
More than ever, consumers are focused on the overall price of the package than the price-per-pound. “I don’t think price-per-pound means that much to the consumer,” says John Nalivka, president and owner of Vale, Ore.-based Sterling Marketing. “They call them value cuts, these different items pulling off chuck and round, they’re capturing greater value and adding greater value because that lifts the whole value of the carcass.”
Consumers prefer an entire “family pack” of meat although it might include lower quality cuts, Nalivka says. “The average consumer is looking for value: I can feed my whole family two or three meals” from a family pack, he says.
Ham production, which always has been a major part of the pork processing market, has shifted from processing of individual muscles, which peaked more than two decades ago, to spiral cut ham more recently. 
“There’s margins in the hams depending upon what they’re doing, and who the customer is,” he says. “For a lot of these [quick-service restaurants], whether you’re talking about Subway or one of the other QSRs, that’s a fairly big deal. Obviously, the margin is going to vary. You don’t just call your customer and say, ‘Oh, by the way, we’re going to raise your price 10% or 20%.’ But it’s a fairly good business.” 
“The margin in this industry is not the commodity muscles; it’s the further processing going into those items,” Nalivka says. “Some people are co-packing. That’s where the margin comes from in this meat business, on the value added.”
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Margins have grown significantly in the supermarket deli case.
The Whole Muscle Marketplace: Profits and Costs
Beef packers have increased their margins on the foodservice side over the past couple decades by realizing that they didn’t need to sell their raw material as a commodity to further processors. “That was the raw material that the further processors were buying as a commodity and adding quite a bit of value,” Nalivka says.
In the poultry and pork segments, there has been a great deal of value added in the move from selling whole animals to smaller portions. “In the poultry industry it’s pretty significant: We went from selling whole chickens, to all these boneless, skinless breasts and all these different cuts,” Nalivka says. “How much value is added to the raw material cost? The pork industry started moving that way in the late ’80s, early ’90s, and they have continued to move along that path.”
 
“This is a pretty tough business if you just live on the margin of a commodity business.”
 
It’s not unlike the oil business, in which the margin comes from refining the product – not just extracting it. The commodity business that used to define the meat and pork industry is long gone: “You buy livestock, you slaughter them, you create primal cuts, you sell them to processors,” Nalivka says. “Those packers, they didn’t have to be looking downstream very long before they figured out, ‘This is where we need to be.’ … It’s been a structural change in the industry, from a market standpoint. This is a pretty tough business if you just live on the margin of a commodity business.”
Cooper Farms grows its own turkeys, says Chuck Staugler, vice president of sales and marketing at Cooper Farms, which produces private label turkey, chicken and ham for the deli cases of national retailers. So the company’s costs on that front are based mainly on corn and soybean prices, as well as anything else needed to grow the turkeys. And any slide in corn prices offers some relief. “On the other proteins [chicken and ham] we buy the muscles from other companies, and those muscles have been going in the other direction [cost-wise],” he says. “There seems to be a protein shortage right now, starting at beef, going to pork, which is extremely short, and the chicken price is going up.”
The already tight beef supply has been exacerbated by the onset of porcine epidemic diarrhea (PEDv), which put pork into short supply. “What comes out of that is a short supply of all proteins,” Staugler says. “There were fewer turkeys grown in 2013 mainly because of low profit margins, due to high corn prices from 2011 to 2013. With the shortages, the price goes up—but hopefully demand will be diminished and prices will come back down.”
 
The Niches: Premium and Healthy
Globally, demand for deli and RTE meat products is expected to expand to $800 billion by 2028. In Europe, Germans consume approximately 132 pounds of meat per capita annually – two-thirds of which (83 pounds per capita) is pork. And although Germans consumer just 24 pounds of poultry per capita annually, that market is on the rise.
Concerns over low-sodium and antibiotic-free meat are high on the list in both the United States and Germany in particular, where the push to create more “clean labels” has taken hold. In Europe, the clean label movement is more developed than in North America, where consumers aren’t yet willing to trade fewer preservatives for a shorter shelf life.
Sodium does top the list of ingredients that American households have at least one person restricting or monitoring – with 71% of American consumers placing importance on sodium or salt reduction, followed by saturated fat, sugar and carbohydrates.
American meat products already are being produced with less sodium: In a study published in JAMA Internal Medicine, in which study authors analyzed sodium levels in 480 packaged and restaurant foods from 2005 to 2011, researchers noted that some of the most significant sodium reductions occurred in meat products, including pork (down 27%) and sliced deli turkey breast (down 21%).
In 2014 USDA’s Food Safety and Inspection Service (FSIS) added several new sodium-reduction substances to its list of substances that are approved for use in the production of meat and poultry products, reflecting the desire among consumers to cut their sodium intake.
Americans don’t take as much of a holistic approach to nutrition as Europeans. Among the top health considerations for Americans are a low-sodium, low-fat, low-sugar diet. In Europe, however, it’s smaller portion sizes – and less snacking – that make up healthier diets.
In Brazil, where purchasing power has grown more than other emerging markets such as China in the last decade, expansion of the middle class has lifted more than 40 million out of poverty-level conditions and into the lower-middle class. They have disposable income for the first time ever, and another 17 million are expected to make the leap to middle class over the coming decade.
This niche of Brazilian consumer wields purchasing power in excess of BRL1 trillion ($451.3 billion), more than the economies of 17 small countries worldwide, according to a study earlier this year by Brazil's Instituto Data Popular and analysts at Serasa Experian.
 
PPP conversion factor (GDP) to market exchange ratio
[image: market_trends_graph.png]Of BRL1.17 trillion ($528 billion) spent by Brazil's middle class in 2013, BRL223.3 billion ($100.8 billion) went toward food – illustrating the strong growth in that country’s purchasing power. Between 2004 and 2011 it more than doubled, keeping pace with the massive growth of China’s consumer market. Source: World Bank
What's considered lower-middle class in Brazil involves the broad monthly income range for a two-parent family with two children of between BRL1,280 ($578) and BRL4,480 ($2,022).
Approximately 55% of the population falls into the lower-middle class niche, resulting in more than half of Brazil's population still focusing on low-cost options for their protein needs. Brazilians are also battling inflation, estimated at roughly 6% in 2014, according to a recent index of public analysts and Brazil's Central Bank.
The result is an enduring hold by further processed deli meats on the average Brazilian consumer, who typically doesn't have the disposable income or palate experience to demand whole muscle sliced meats.
“More than anything, it's a lack of understanding. Few consumers here understand the value of these different deli meats,” says Bruno Tosello, director of Tosello Frios Especiais, one of Brazil's leading producers of specialty sausages and processed meats. “The Brazilian is used to buying three products from the deli counter multiple times per week: mozzarella cheese, (further processed) sliced ham and turkey. Neither he nor the local store manager may know what a high-quality pastrami or smoked roast beef is, and if the manager does, he's not stocking it because so few ask for it.”
 
“The biggest tool we can employ here is public tastings and sample offerings in stores. It's the only way we'll get Brazilians to try something new.”
 
Federal regulations in Brazil require a standard formula and quality level for processed food. It doesn't have to be good, Tosello says. It's part of the reason cheaply made hot dogs can be marketed successfully as “protein-rich,” despite the fact that more than 50% of that protein is soy-based.
“The biggest tool we can employ here is public tastings and sample offerings in stores. It's the only way we'll get Brazilians to try something new,” Tosello says. “Consumers here who want the 'light' deli option always turn to (further processed) turkey cuts due to cultural habit, despite the fact that some of our whole-meat sliced pork options have less fat and sodium demonstrated on the nutrition label.”
The Changing Role of Sodium
Little regulatory incentive currently exists in Brazil for meat processors to reduce sodium and preservative levels in deli meats. Demand among consumers for low-sodium options is small and slowly growing.[image: MarketTrends_Image_MeatMkt_V1.jpg]
Those who want to move from traditional high-sodium deli meats to a low-sodium option typically must make the extreme leap of buying raw protein to cook in home. 
Most Brazilian consumers still demand the classic high-sodium tastes they've come to expect in further-processed sliced ham and mortadela (a type of bologna). Some low-sodium versions of each have drawn complaints from consumers in recent years over “lack of taste.”
Sodium and preservative levels are a necessity for shelf life when dealing with inconsistent temperature maintenance in deli cases by Brazilian retailers, the vast majority of which remain small neighborhood grocers and bakeries where consumers shop in small amounts, every few days.
“Small retailers here are very bad at maintaining consistent temperature in display cases. The regulations say between 0 and 7 degrees Celsius, but few deli cases in small stores maintain that,” Tosello says. “This is a problem we have to deal with via preservatives.
Similarly, less than 5% of meat and poultry products are further processed in Mexico, although consumer acceptance of such products is on the rise as purchasing power grows.
The Brazilian government has been encouraging food processors to reduce sodium levels in recent years, following a rapid increase over the past decade in obesity levels. Aurora Alimentos, Brazil's third largest poultry processor and exporter, has reduced sodium in its further processed deli meats to levels that it says are increasingly similar to products in North America and Europe.
 
Organics Continues to Grow
Sterling Marketing has noticed growth in the healthy and organic business as well, although John Nalivka adds a caveat about its overall market share. “The natural thing is a little interesting; like anything else, you read about it a lot, and the growth within that part of the business has been pretty significant year to year,” he says. “But as a total percentage of the market, it’s still not very large.”
 
“We should be careful not to make the assumption that, gee whiz, we’ve got to have all-natural meat. There’s a lot of people who really don’t care.”
 
Niche markets are important, but you have to be careful. Typically, you’re talking about products that have considerably higher cost to the consumer. You can’t assume all consumers are going to be willing to pay a 20% premium,” Nalivka says. “We should be careful not to make the assumption that, gee whiz, we’ve got to have all-natural meat. There’s a lot of people who really don’t care.”
Although demand exists for premium, healthier products, some of it may be described as “alleged demand,” and there’s always a question of what people are willing to pay, says Roger Mandigo, professor emeritus in animal science at the University of Nebraska. “There are markets where, in fact, that’s the case,” he says. “It’s a political can of worms, to some extent, on low sodium. It’s a matter of people’s perceptions, and what the gurus, or alleged gurus, of nutrition and good health are doing in the public media at that time. It’s not always driven by science. If you’re going to make a [public health] pitch, you have to make some evil that your pitch is going to solve the problem of.”
The link between sodium and hypertension is a real issue, Mandigo acknowledges. “But you can’t take salt away from [consumers] and not have them try to get it some other way,” he says. “The natural and organic influence, they’re looking for easy whipping boys. People are going to consume what they want. Some people will be considerably impressed by the medical side of the issue, but there are people who consume vast amounts of sodium. There are people in every dimension of the continuum there.”
Cooper Farms hears constant concerns about sodium and tries to be responsive, Chuck Staugler says. “Sodium does provide flavor. In the old days you had maybe 500 milligrams per two ounces, but now people are trying to stay at 300 to 400 milligrams. It’s a pretty large percentage decrease.”
Similarly, on the ham side, Staugler increasingly sees no-nitrite-added products. “That probably is a trend that will continue,” he says. “They’re still there in another fashion in other ingredients; they’re naturally occurring, for example, in celery powder.” Organic products are a growing niche, Staugler says. “It’s not easy to raise those types of animals, and the cost you think is prohibitive [at first], but it depends on who the consumer is,” he says. “It’s a small niche market. It has room for growth.” 
Locally sourced meats are also on the minds of restaurateurs, and that market will remain limited but will grow, says John DeBenedetti, president of DelMonte Meat Company, which supplies steaks of portioned sizes and specifications to the restaurant industry.
“What’s really organic and what’s not organic; what’s natural and not natural. They are very often driven by emotion more than they’re driven by science,” Mandigo adds.
 
The Production Side: Automation and Technology
Advances in automation and technology continue to produce ripples in the world of whole muscle processed meat. On the sliced deli meat side, Cooper Farms has invested in high-pressure processing technology that reduces the need for preservatives, Staugler says.
“It’s fairly easy to take high-end deli breast and put it in a form where you can slice it and put it in a European-style, modified atmosphere package, with easy open and re-close,” he says. “It’s shelf-stable and tastes as fresh as it [would have] if you hadn’t sliced it.”
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High-pressure processing is still new to the sliced meats segment, but it continues to gain momentum. Photo credit: Hiperbaric
 
Mandigo has noticed advances in high-volume meat-cutting machines that slice to an almost perfect size and shape. “These new machines are tremendously accurate. They’re always high-priced, but if you’re slicing a million pounds of ham a week, a small percentage [of accuracy] is big dollars,” he says. Such machines “are deadly accurate in portion, or thickness, or shape as the products are being processed, whether it be whole muscle or a product like a boneless ham that can be sliced any way you want.”
The whole muscle meat market would be considerably weaker if not for technological advances in food safety and quality assurance. “We’re selling a lot better product, and they have a lot more consumer acceptance,” Nalivka says. “Had we not done a lot of different things in the last 10 or 15 years, the industry wouldn’t be healthy. We would have lost a lot of consumer demand.”
 
Whole Muscle Crystal Ball
Looking to the future of whole muscle processed meats, price will be the primary consideration but healthfulness will be a close second for consumers. “Where is our opportunity?” Uetz says. “Honestly the messages aren’t new. That’s the challenge. We still have a very confused consumer. There’s a huge opportunity for us to continue to educate them and bring them information about what we’re selling. The more information we’re able to provide, they more likely they are willing to pay more.”
 
Price will be the primary consideration but healthfulness will be a close second for consumers.
 
Restaurants will continue to ask for value – and the processing piece will continue to grow as the price overall continues to elevate. The industry will continue to use different whole muscles to create value.
That will involve both advances in technology, and good communication and execution with the customer, DeBenedetti says. “It’s going to drive more, ‘Can you do this? Can you do this?’ The companies that are wiling to change and adapt will do well.”
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By Jay Wenther, Ph.D
 
Throughout the years meat has been defined in countless ways, but the generally accepted definition is similar to: those animal tissues that are suitable for use as food.
All processed and manufactured products that may be prepared from these tissues are included in that definition. Meat is a source of high-quality proteins. The word is derived from the Greek word proteios, meaning “primary,” suggesting the importance of proteins to the nutritional well-being of humans.
 
Muscle Tissue
Lean meat (i.e., the muscle tissue), contains on average 70%-75% water, 19%-23% crude protein and 3%-5% fat, as well as approximately 1% minerals and saccharides. Meat is divided into three distinct muscle types:
1.Skeletal muscles constitute the bulk (35%-65%) of the carcass weight of meat animals and are organs of the muscular system that are attached directly or indirectly to bones.
2.Smooth muscle is the muscle that makes up the digestive tract.
3.The heart is composed of cardiac muscle.
From an economic standpoint, skeletal muscles are the most important of the three types. They facilitate movement and support the body. The smallest independent cellular units of mature skeletal muscle are called fibers. Skeletal muscles are a very complex system made up of cylindrical, multinucleated muscle fibers (cells) of varying lengths surrounded by a layer of connective tissue known as the endomysium. 
[image: muscle_diagram1_rev1.png]
The figure above illustrates the structural complexity of meat.
Bundles of these muscle fibers are enclosed in a sheath of connective tissue known as the perimysium, while the entire muscle is surrounded by a denser connective tissue sheath called the epimysium.
Each muscle fiber contains hundreds of myofibrils, linear arrays of cylindrical sarcomeres that are surrounded on each end by a membrane system that is an elaborate extension of the muscle fiber.
 
[image: muscle_diagram2_rev1.jpg]
The figure displays an enlarged portion from the myofibril-myofilament region.
 
With the aid of an electron microscope, skeletal muscle and cardiac muscle display alternating light and dark bands, which creates a striated pattern caused by the structural alignment of the myofilaments.
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The organization of skeletal muscle includes a bundle of muscle fibers and the makeup of the myofibrils within each bundle.
 
Thick filaments (composed primarily of myosin) and thin filaments (composed primarily of actin) create these periods of dark and light patterns. The composition of the thick filaments denotes regions of high electron density; the thin filaments consist of regions of low electron density. A dense line bisects the thin filament perpendicular to the myofibril’s long axis and marks the ends of the sarcomere.
Muscle Proteins
 
Editor’s Note
There are three major groups of animal proteins (myofibrillar proteins, sarcoplasmic proteins and stromal proteins) used in the production of processed meat. 
 
Muscle proteins may be divided into categories on the basis of the location in the structure of muscle and of muscle fiber, physicochemical properties (solubility) and functionality in regard to further processing. Muscle proteins form three large groups of proteins referred to as myofibrillar proteins, sarcoplasmic proteins and connective tissue or stromal proteins.
•Myofibrillar proteins consist primarily of myosin, actin, tropomyosin, m-protein, alpha-actinin, beta-actinin, c-protein, troponin T, I, and C as well as other minor proteins associated with the myofibril, but which are present in very small quantities. Myosin and actin together account for 65% of the total muscle protein; tropomyosin and the troponins each contributes an additional 5%. The remaining 25% is composed of other structural proteins. The other myofibrillar proteins, composed mainly of myosin and actin, are also known as “salt-soluble proteins” due to their ability to be solubilized in solutions of neutral salts of ionic strength less than 0.5 (partially soluble in ionic strength between 0.7 and 1.5).
•Sarcoplasmic proteins consist of myoglobin, hemoglobin, cytochrome proteins and a wide variety of endogenous enzymes. These proteins constitute 30%-35% of the total muscle proteins. Sarcoplasmic proteins are soluble in solution of low salt concentration (ionic strength less than 0.1) but not in water. Since these proteins have been sometimes extracted with pure water, the name “water-soluble proteins” has become common. Myoglobin is presumably the most important protein of sarcoplasm because it is responsible for meat color, which is associated with product quality. Myoglobin consists of a globular protein portion (globin) and a non-protein portion called a heme ring. The heme portion of the pigment plays a special role in meat color determined by the oxidation state of the iron within the heme ring.
•Stromal proteins, or connective tissue proteins, consist primarily of collagen and elastin. Collagen is the single most abundant protein found in mammalian species, being present in bone, skin, tendons, cartilage and muscle. Collagen, elastin and lipoproteins of the cell membrane, including sarcoplasmic reticulum, are among the most important connective tissue proteins in the muscle. In muscle, the connective tissue is composed mainly of the protein collagen and serves as an extracellular support for the fiber.
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Production of Whole Muscle Processed Meats, Non-Meat Ingredients
 
By Jay Wenther, Ph.D and Michael Fielding
 
A variety of ingredients are encompassed by the term “non-meat ingredients” when processed meat formulations are developed. Many of the characteristics unique to processed meat (such as color, juiciness, flavor, texture and eating experience) are achieved by the use of non-meat ingredients coupled with the interaction that occurs between them and the meat product.
Non-meat ingredients are utilized to impart unique and specific characteristics of processed meat products (such as those explained above). For processed meat, these basic non-meat ingredients include salt, sugar, sodium nitrite, sodium erythorbate, sodium phosphate, antimicrobials and liquid smoke. Each ingredient plays a special role in processed meat products whether it is to accelerate the curing rate, stabilize color, modify texture or reduce shrinkage during heat processing.
Since most finished product characteristics are determined by the non-meat ingredients used in the process, it becomes critical to have a good understanding of the functions and effects of each ingredient. Each ingredient is formulated by governmental regulations, ingredient functionality or consumer acceptance.
 
Meat Curing Ingredients
A variety of ingredients can be utilized to develop a brine solution. Although the basic ingredients needed for a brine solution are salt and sodium nitrite to cure meat, many other ingredients are commonly used in the meat industry. Other ingredients are also used to product products that are unique to specific processors and processed meat products.
In addition to salt and sodium nitrite, ingredients such as sugar, sodium phosphate, sodium erythorbate and flavorings are commonly formulated into the brine solution to accelerate curing, stabilize color, modify flavor and texture and reduce shrinkage during thermal processing.
Each ingredient formulated into the brine solution serves a specific function.
 
Water
Although muscle proteins already contain large amounts (60%-70%) of water, additional water is frequently added to processed meats for some very functional reasons. Water is the common ingredient in all brine solutions. Water is a non-meat ingredient that serves two major functions in the production of processed meats.
The first role is that of a carrier. It allows the non-meat ingredients to be dissolved or placed in suspension for uniform distribution throughout the meat.
The second function is that of a replacement for the naturally occurring moisture that will be inherently cooked out during thermal processing. Thus it maintains profit margins by reducing shrinkage and assists in the production of moist, juicy end product.
Depending on the type of processed meat product that is being produced, the U.S. Department of Agriculture’s (USDA) Food Safety and Inspection Service (FSIS) may limit the amount of water. The quantity of water contained in a processed meat product that is in excess of the normal water content in the unprocessed form is termed “added water.”
 
Water hardness has a major impact on solubility of non-meat ingredients.
 
The quality of the water used is vitally important to the effectiveness of the added brine and is often overlooked. Most importantly, water must be suitable for drinking. Additionally, water hardness has a major impact on solubility of non-meat ingredients, particularly sodium phosphates used in the production of processed meats. Some water sources also may contain nitrates from ground water contamination in smaller communities and rural areas. These contaminants may negatively affect the quality and consistency of the final processed meat product. High levels of metals and minerals such as iron and copper also may have a negative impact on product quality.
The quality of the water will affect the ability of sodium phosphates to improve the water holding capacity of meat products. If a water source contains cations, such as calcium, magnesium and iron, the sodium phosphates used in brine and/or injections solutions may bind to the cations. When this occurs, the sodium phosphate is likely to form a precipitate with the cations, leaving the sodium phosphate unavailable for improving the water holding capacity of whole muscle processed meat products.
Municipal water supply sources contain chlorine that can affect the curing reaction process. A simple solution utilized by many small-volume meat processors is to fill containers with water and leave them sit in the cooler for 12-24 hours prior to using it in formulations and brines. This allows the chlorine to off-gas from the water. Other processors use sophisticated systems to ensure a high quality water supply. These systems can include reverse osmosis and other water filtration systems that focus on the elimination of minerals that increase water hardness and can cause lower-quality brines – all of which leads to inconsistent water-binding capabilities and can affect the flavor of the final product.
 
Salt
Salt will never be fully eliminated from traditional processed meat formulations. It is basic to all brine solutions and is the only ingredient necessary for curing in some respects.
 
Salt will never be fully eliminated from traditional processed meat formulations.
 
It makes up the bulk of the brine solution, not only because it is a good preservative, but also because it provides the most desirable flavor. The main function of salt is a dehydrating agent, which alters osmotic pressure to inhibit bacterial growth and subsequent spoilage.
The amount of salt added may vary from product to product, but typically it consists of about 2%-2.5% of the final product. For health reasons, consumers in recent years have attempted to reduce sodium intake, affecting the level of sodium in most formulations. Although processors are reducing sodium in brines, they can’t cut it out completely.
 
Editor’s Note
In Brazil, classic mortadela bologna has approximately 330 milligrams (mg) of sodium per 1.5-ounce slice – on the high end of comparable American product formulations, which range from 300 mg of sodium to approximately 750 mg per serving (4-6 slices) of deli meats.
Typical Brazilian further-processed ham has approximately 500 mg of sodium per 1.5-ounce slice, and further-processed chicken breast has approximately 350 mg per slice.
This, as consumers ramp up their calls for lower-sodium items and drive the levels in North American products lower. Most average lower-sodium products are formulated in the 300-400 mg-per-serving (2-6 slices, depending on the diameter and type of product) range. Ham items can run from 300 mg all the way up to 900 mg (with comparable low-sodium products at 300 to 400 mg).
 
Over the years, several approaches to reducing sodium in processed meat products have been developed, and processed meat formulations of two decades ago vary significantly from those of today.
Another method is the replacement of a portion of the sodium chloride with other ingredients such as potassium chloride. A full replacement of sodium chloride with potassium chloride is not possible due to the negative flavor properties of potassium chloride. Processors also must recognize where sodium is being introduced into the formulations of processed meat products. Additional sodium can be included into the formulation through the use of other common non-meat ingredients such as sodium nitrite, sodium phosphate and sodium lactates.
Although the sodium ion is the element in salt that is important to flavor, it is the chloride ion that contributes another critical function – that of water retention. Chloride alters the ionic environment of protein molecules, causing the isoelectic point of the proteins to shift downward. This means that proteins are better able to bind water at any given pH within normal ranges. Myofibrils swell and take up water in the presence of chloride, giving general improvements in yields, texture and palatability.
In sectioned-and-formed meat products, salt extracts myofibrillar proteins, strengthening the bind in between adjacent pieces of meat. Furthermore, in comminuted muscle products, the solubilization of the myofibrillar proteins aids in the water-binding abilities of the proteins, which in turn decreases cooking losses.
Salt also may cause undesirable effects on a processed meat system, most of all as pro-oxidant behavior largely due to metal contaminants. This is why the purity of the salt used in the production process is very important. Only food-grade salt should be used in curing, since impure salt causes flavor and color problems. Impurities in salt in the form of trace copper, iron and chromium have a marked effect on the development of oxidative rancidity in cured meat products.
Due to the harsh, dry, salty final product as a consequence of the use of salt alone, it is generally used in combination with sugar or an alternative sweetener.
 
Sweeteners
Sugar (i.e., sucrose) or other sweeteners (i.e., dextrose, corn syrup, corn syrup solids) often is included in the brine formulation to provide flavor. Pure sugar is made from cane or beet sources and is a complex sugar. Other sugars such as dextrose are simple sugars, and their use within the production of specific processed meat serves a specific purpose.
Sucrose (cane sugar) is the standard of comparison in sweeteners. Dextrose (corn sugar), which is approximately 70% as sweet, is generally used in fermented products for the starter culture and also is a reducing sugar. The type of sugar used may influence color development (that is darkening or browning) as the meat is exposed to heat during preparation from carmelization. The reducing activity of dextrose means that considerable browning is likely in high-temperature cooking applications. Both sucrose and dextrose typically are used at levels ranging from 0.5% to 2% of the product formulation.
Other sweeteners include corn syrup, corn syrup solids and sorbitol, the first two of which are limited to a 2% use level because they are only about half as sweet as sucrose. Those sugars are quite variable with dextrose equivalents used to express the reducing sugar content of the mixture. The non-meat ingredient product with a dextrose equivalent of 40%-45% is the most common form used and, as a result, those sugars will brown quickly when a product is cooked.
 
Sodium Nitrite
The term “cured” relative to processed meats is universally understood to mean the addition of nitrite or nitrate with salt and other ingredients to meat for improved preservation. Although several ingredients including sugar, spices, phosphates and other ingredients are typically included in cured meats, it is the addition of nitrate/nitrite in one form or another that results in the distinctive characteristics of cured meat.
 
Often, curing salt consists of 6.25% sodium nitrite and 93.75% salt.
 
It is commonly suggested that meat curing originally was discovered when salt contaminated with sodium or potassium nitrate was used. Although it is not clear when saltpeter (potassium nitrate) was first recognized as a curing agent, it is clear that nitrate, either as saltpeter or as a contaminant of sodium chloride, was used to cure meat for centuries. When sodium nitrate was added in the form of saltpeter it was noted that the pinkish color of the meat product was preserved.
Over the past 50 years, a gradual shift occurred from the use of sodium nitrate to sodium nitrite as the primary curing agent for cured meats. Currently, many processors use curing salt that is a combination of sodium nitrite and salt. Often, curing salt consists of 6.25% sodium nitrite and 93.75% salt.
The function of sodium nitrite in meat curing is four-fold:
1.stabilize the color of the lean tissue;
2.contribute to the characteristic flavor of cured meat;
3.inhibit growth of a number of food poisoning and spoilage microorganisms; and
4.slow oxidative rancidity of fatty acids.
Research has shown that sodium nitrate was converted to sodium nitrite by microbial action in the meat and that direct action of sodium nitrite would eliminate the need for microbial conversion and make the curing process more rapid, controllable and predictable. Nitric oxide is produced by the reduction of sodium nitrate or sodium nitrite. The pigments react with nitric oxide to produce the stable pigments characteristic of cured meat.
Pathway for cured meat color development
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Since sodium nitrite reacts quicker and less is required for color stabilization, it is being widely used in place of sodium nitrate. The general pathway for stabilization of color is shown. Source: Processed Meats – 2nd Edition.  Pearson AM, Tauber FW.  1984.  Processed Meats 2nd ed.  New York, NY: Van Nostrand Reinhold Company Inc.
 
The formation of cured product color is one of the most complex chemical reactions in meat, and several factors can influence its success. The most important factors to remember are that weak acid (pH 5.5-6.0) conditions, absence of air and addition of reductants (curing accelerators) increase and maximize color formation. Nitrite is also slowly depleted from a product during storage, especially in the presence of air. Fortunately, the dissociation of the muscle heme group and the nitric oxide is slow, but in the presence of oxygen, it leads to a steady depletion of cured pigment and eventually to color fading. Good vacuum packaging can overcome the negative impact to the color of finished products.
A “cured” flavor, as noted in hams and other similar products, is due to the sodium nitrite and cannot be reproduced with other ingredients. Flavor protection also is provided by sodium nitrite since it is a very effective antioxidant in meat systems. Cured meat consequently is well protected from oxidation of fat and the associated rancid flavors.
 
Sodium nitrate and/or sodium nitrite create distinctive, unique properties that characterize cured meat.
 
The growth in the marketplace for natural and organic processed meat products has led to a reduction in the direct addition of sodium nitrite and sodium nitrate. Because sodium nitrate and/or sodium nitrite create distinctive, unique properties that characterize cured meat, and because there is no known substitute for those compounds, non-meat ingredient products have been developed to simulate cured meats but without added sodium nitrite or sodium nitrate.
The non-meat ingredients that contain residual amounts of sodium nitrate include sea salt, celery juice, celery juice concentrate and other plant/vegetable products. 
Vegetables are well-known as a source of nitrate. Their use in the production of processed meat products and the labeling designations for these products as “uncured” is sometimes confusing – and technically inaccurate. In all scientific truth, sodium nitrate is being introduced to the meat processing system through a known direct carrier ingredient. Therefore, it results in the production of a processed meat product that has all the characteristics of the traditionally cured product while being legally labeled as “uncured.”
Although color stabilization originally was the primary reason for adding sodium nitrite to curing mixtures, its effects on flavor and inhibition of bacterial growth are even more important. It already was established in the early 1950s that sodium nitrite afforded specific protection against the outgrowth of spores of the Clostridium botulinum organisms. Without the use of sodium nitrite, there would be a tremendous increase in the number of deaths due to botulism. Evidence also suggests the levels of sodium nitrite found in cured meat also may aid in preventing the growth of other spoilage and food poisoning organisms.
 
Sodium Phosphate
The primary purpose of using sodium phosphate is to increase the water holding capacity of the processed meat product and, by extension, reduce the degree of “purge” in cooked products. The ability to increase the water-binding quality of meat may result in increased yields of up to 10%.
To improve water retention, phosphates simultaneously raise the pH of the meat and solubilize the muscle proteins.
 
Editor’s Note
Purge, also known as drip loss or water-holding capacity, is defined as the free release of water or moisture from meat or processed meat products. It is often observed as droplets of moisture on the product surface or remaining in the package after the product is removed.
 
The predominant function of phosphates is to improve water retention and is accomplished by increasing ionic strength, increasing pH and chelating other ions. The effect of ionic strength is very similar to the effect of salt in making the meat proteins much more effective water binders. The combination of salt and phosphate creates an especially effective synergistic result to increased water holding capacity of the muscle proteins.
 
Editor’s Note
Chelation describes a particular way that ions and molecules bind metal ions.
 
The pH increase is due to the alkalinity of phosphates and the resultant higher product pH. The pH shift also is an advantage to long-term cured color stability. The ability of phosphates to chelate other ions also may increase water retention. Chelating divalent ions prevents the ions from forming crossbridges between proteins, thus allowing the proteins to separate or unfold more completely in binding water. In addition to the general effect of improved water retention, the phosphates also improve binding between meat pieces due to improved protein extraction.
In general, water is attracted to charged proteins. Water doesn’t bond well when the muscle proteins are in an iso-electric state, a condition in which the protein contains equal numbers of positive and negative charges and therefore exhibits a net-zero charge. The iso-electric point of meat equals a pH of about 5.1, which is close to the typical pH of meat (i.e., 5.4-5.7). As a result, lowering or raising the protein’s pH will enhance its water holding capacity. Phosphates often are used to raise the protein’s pH. Due to their negative charge, phosphates are attracted to positively charged proteins within meat. This attraction causes the water holding capacity to be improved by the direct binding of water to the phosphate.
Sodium phosphates also enhance the eating experience with improved flavor as a result of the retention of natural juices, a reduction in oxidative rancidity and improved color retention. There have been some concerns about off-flavors or “soapy” flavors resulting from the use of phosphates, but typically these occur only when high levels of phosphates are used. Legal limits for added residual phosphates are set at 0.5%, or 5,000 parts per million (ppm) in the finished product; since meat contains 0.01% natural phosphate, this ` be subtracted in calculating the level added during curing to ensure an appropriate amount.
Sodium phosphates, which are much less soluble than the other non-meat ingredients, can present problems in the production of brines and injection solutions. Therefore the method to incorporate them into the brine or injection solution must be strictly followed to ensure they are properly dissolved.
Several phosphates have been approved for use, and they are not all the same. Differences occur in solubility, cost, effectiveness and terminology. Further, suppliers have created phosphate blends for specialized applications.
 
Editor’s Note
Derived from phosphoric acid, phosphates can assume many forms:
•Orthophosphates: A single phosphate
•Pyrophosphates: Two linked phosphates, also called diphosphates
•Polyphosphates: Three or more phosphates joined in a straight chain (e.g., tripolyphosphate)
•Metaphosphates: Several phosphates in a ring-shape structure
•Alkaline phosphates: Phosphates with a high pH (e.g., sodium tripolyphosphate)
•Acid phosphates: Phosphate with a neutral to acidic pH
 
For many years, tripolyphosphate was the most commonly used alkaline phosphate. Currently, there are many types of sodium phosphate available to the meat industry. Research has shown that blends of various food-grade phosphates have certain advantages over tripolyphosphate in some product applications. Blended phosphates can be made with adjustments in solubility and pH, which can be advantageous for some processed meat applications.
The type of sodium phosphate used in a formulation will have a significant impact on the ability of the muscle protein to hold the water. However, as previously suggested, the water used in the production of whole muscle products interacts with the function of the sodium phosphates. Water that contains high levels of calcium, iron or magnesium compromises the ability of the sodium phosphates to increase water-holding capacity of the muscle proteins.
To maximize the functionality of the sodium phosphate used, hard water sources should be softened or treated to remove the cations, such as calcium, magnesium and iron. If this is not possible, then processors should select a sodium phosphate based on the cause of the water hardness.
 
Curing Accelerators
The salts of ascorbic acid and erythorbic acid are commonly used to hasten development and stabilize the color of cured meat. The purpose of sodium erythorbate in formulations is to increase the reduction of metmyoglobin to myoglobin, which accelerates the cure reaction. The antioxidant properties of sodium erythorbate not only prevent development of rancidity, but they also prevent color fading of sliced meats when exposed to light. If sodium erythorbate is present, the pigments are protected against breakdown. As sodium erythorbate is depleted, the heme pigments are degraded and can catalyze lipid oxidation.
Ascorbic acid and erythorbic acid react very rapidly in solution with nitrates and nitrites. This reaction can cause a release of gaseous nitrogen oxide, which is toxic.
To avoid loss of ascorbate or erythorbate through premature reaction with nitrite, the brine solution should be kept at 35°F-38°F. The reuse of a brine solution should be strictly avoided for three reasons:
1.Sodium ascorbate is satisfactorily stable in a commercial brine at 40°F for two days, but it is not sufficiently stable at 80°F storage.
2.The brine solution is reduced due to meat juices becoming part of the curing brine.
3.The brine may become contaminated with bacteria.
 
Antimicrobials
Many non-meat ingredients already discussed are very effective antimicrobial agents. Salt and sodium nitrite, for example, are important for the control of pathogens and determination of product shelf life. Over the past decade a considerable amount of attention has been focused on the elimination, reduction or control of the pathogen known as Listeria monocytogenes within the production of RTE meat/poultry products. Because it can grow over the temperature range of 34°F-113°F and the pH range of 4.1 to approximately 9.6, Listeria may be expected to survive in food for long periods of time. 
After cooking, the product must be kept protected from post-process contamination to minimize the potential for any Listeria exposure in the slicing/packaging environment.
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Listeria is not a heat-resistant organism, and properly controlled thermal processing procedures will significantly reduce prevalence of the organism. 
FSIS has designated Listeria as an “adulterant,” meaning that any RTE meat/poultry product that contains the organism will be considered adulterated. The regulatory requirement is “zero tolerance,” which typically means the absence of the organism in the sampled product.
As a result, many processors have focused on reformulating their ingredients to include an antimicrobial. Not only will certain antimicrobials affect Listeria, but many also will increase the overall shelf life of the product. There are many antimicrobials on the market, but a considerable amount of attention has been focused on the role of sodium lactate and sodium diacetate to control potential growth of Listeria in RTE meat/poultry products. Research has shown that this combination of antimicrobials is very effective in suppressing the growth of the pathogen in RTE products. They do not kill Listeria but rather suppress growth.
 
Spices and Flavorings
Spices and flavorings formerly had a limited use in injected, whole muscle processed meat products. Through the years, though, more have been utilized, primarily to help make a particular product have a distinctive or unique flavor profile that is appealing to consumers. These spices/flavorings can either be topical or incorporated in the injection solution so they are evenly dispersed throughout the interior of the product.
Topical spices may include ingredients such as black pepper and Italian seasoning. Soluble spices used in the injection solution may include pepper, maple flavor, honey flavor and liquid smoke. In addition to those spices and soluble seasonings, some processors use flavor enhancers. An example of a flavor enhancer is monosodium glutamate (MSG), although the meat industry has decreased its use as consumers have cited concerns over its possible health implications.
 
Binders and Extenders
Binders and extenders include several ingredients that may be used to enhance product performance, enhance finished product quality characteristics, and/or gain an economic advantage. The enhancement of product performance can be improved by controlling purge during product shelf life. From a product quality perspective, improvements can be made to the product texture. In addition, replacing meat with the non-meat protein and water may reduce costs. Processing improvements, such as yields and manufacturing throughput, are important considerations as well.
 
The most common non-meat proteins are those derived from milk, eggs, animal tissues, soy and wheat.
 
Although meat proteins serve a major role in characterizing a processed meat product, other proteins are available. The most common non-meat proteins are those derived from milk, eggs, animal tissues, soy and wheat – and that category of available products continues to grow.
Each non-meat protein comes with its own set of advantages and disadvantages. The selection of the appropriate non-meat protein is based on the solution the processor is seeking with the addition of a non-meat protein – whether to improve yields or to improve product texture, for example.
 
USDA Regulations on Restricted Ingredients
The regulatory process has limited the use of some non-meat ingredients to minimize any possibility that any of the substance used may be harmful to human health. The most widely established restricted ingredients are nitrate, nitrite, ascorbate, erythorbate, phosphates, antioxidants (i.e., butylated hydroxyanisole, butylated hydroxtoluene, tertiary butylhydroquinone, propyl gallate), sweeteners (i.e. corn syrup solids), binders and extenders (i.e., soy concentrate, isolated soy protein) and flavorings. The permitted levels that have been established by the USDA and enforced by the Food Safety and inspection Service (FSIS) are defined in the table below.
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U.S. regulated levels of the most commonly used restricted ingredients. Source: FSIS Directive 7620.3
 

Formulation
With whole muscle processed meat production, the formulation can consist of curing ingredients or basic moisture-enhancing ingredients, depending on the product. In all instances it is critical to ensure that the restricted ingredients are in compliance with the allowable limits set by FSIS.
Inaccurate measurements, mistakes in calculations and poor equipment combined with a lack of attention to detail can make the formulation of injection solutions a costly disaster. The composition of the injection solution is governed by several factors:
•regulatory requirements;
•taste and quality level of the whole muscle processed meat product;
•Injection percentage;
•thermal processing schedule;
•other processing variables (i.e., injection technology, tumbling technology, temperature)
 
 
The following are basic formulations for commonly produced whole muscle processed meat products.
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Raw Material Selection
The selection of raw materials varies with the type of product – and the selection of each protein (such as beef, pork, chicken and turkey) has its own selection criteria. The raw material condition is vital in producing a high-quality final product. Regardless of how controlled the production process is, if the raw material does not meet quality standards, the finished product will be affected.
The temperature of the raw materials should be controlled throughout the process, and it must be as cold as possible while still achieving processing parameters (such as trimming, injection and maceration).
Also, the odor of the raw material – which can be sulfur-like, soured or putrid – may be a signal of microbiological growth. Odors also may be an indication of fat oxidation. Odors similar to materials such as cardboard, paint and livery are associated with oxidation. Raw materials with off odors, off colors or foreign material contamination should never make their way to the production area.
 
Raw Material: Beef
When considering whole muscle or sectioned-and-formed products, beef inside/top rounds or beef outside flats/bottom rounds often are used. The top round is slightly more tender when compared to the bottom round.
The first part of raw material selection begins with the determination of trim selection on the raw material. Since consumers demand a very lean RTE beef product, most outside fat is trimmed from the raw material. It should be free of surface dryness, sliminess, off color and foreign material. With the extensive use of post-harvest microbiological interventions during beef slaughter, thorough trimming of beef raw materials is most likely necessary at further processors of RTE beef products.
Beef is available in a variety of quality grades (e.g., prime, choice, select). It is the processor’s decision regarding the quality grade desired, but some overall consideration should be given to what final RTE product is being produced. While prime and choice beef have more intramuscular fat, or marbling, this may not be necessary for the production of a lean roast beef RTE deli product. With beef the quality issue of dark, firm and dry (DFD) meat is a concern. It has a low glycogen level and reduced sugar content, which causes a high pH of 5.8 or above. It is more susceptible to spoilage and less likely to hold injection solutions.
 
Raw Material: Pork
In the production of RTE deli ham products, the pork leg is made up of three highly used muscles: the inside, outside and knuckle. The inside muscle is typically the leanest of the three and is commonly used in combination with the outside muscle.
Although color, firmness and exudation are important considerations in evaluating lean pork quality, marbling also is important. It contributes to the juiciness and flavor of the product. The pork industry has made significant progress in recent years in altering the composition of carcasses to provide increased lean and less trimmable fat. This change in product composition has allowed the industry to shift more attention to another important feature of pork – the quality of the lean.
 
Hams produced from PSE and RSE muscles may have 5%-10% lower processing yields.
 
Considerable variation exits in the color, texture, water-holding ability and marbling of pork lean. There are some additional raw material quality attributes to consider:
1.Pale, soft and exudative (PSE) pork – PSE pork is very pale in color, and the muscle is soft and watery. Typically there is very little marbling. PSE (as well as intermediate RSE – red, soft and exudative) muscles exhibit excessive moisture loss due to reduced water-holding ability of muscle proteins. Hams produced from PSE and RSE muscles may have 5%-10% lower processing yields and may lack a uniform cured color. 
2.Dark, firm and dry (DFD) dry – It is recognizable by the appearance of the meat. It is the result of long-term stress, which depletes all or most of the glycogen and lactic acid from the muscles. This has a high pH (5.8 or greater), which is prone to microbiological spoilage. Although DFD muscle has exceptional water-holding ability and excels in tenderness, its dark color is less appealing to consumers, who often interpret it as an indication of meat from older animals, or lacking in freshness. All muscles of the pork carcass are subject to the DFD condition.
3.Two-toning – More common in hams than other cuts of pork, a two-toned ham has both light and dark colors in the same muscle. The reason is unknown, but the two-toning in the raw meat is also visible in the further-processed meat product.
4.Sex odor – This refers to the objectionable odor that can emanate from pork when heated. It is much more common in boars than other classes of swine. The odor comes from the fat and should not be used in products that will be heated prior to serving. Raw materials in question should be checked by heating a small sample and smelling the steam from the cooked product. Ensure that the employee checking for such odor can readily smell it, as some people cannot.
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Visual inspection indicates the range of raw pork quality, from the ideal (RFN), which is red, firm and non-exudative, to the less desirable extremes of pale, soft and exudative (PSE) and dark, firm and dry (DFD). Photo credit: National Pork Board
 
Raw Material: Turkey
Like the other proteins reviewed, the appearance of the raw materials is important and should be evaluated closely. Any browning, graying or two-toning may indicate age, temperature abuse or early signs of microbial spoilage.
Actual spoilage of the raw material will be evident by slime formation, putrefaction, souring, musty odors, and/or greening. A chalky dry surface on frozen materials indicates freezer burn. Other signs to look for include PSE and DFD, which may result in reduced yields and poor product quality.
 
Injection Solution Preparation
It is highly advisable to have written procedures for the production of an injection solution. Those procedures should be randomly monitored by supervisory personnel. During production of the solution, the process of adding non-meat ingredients is important.
Due to the solubility differences and the effect one ingredient may have on the next, the order of addition is highly important:
1.Cold water – The water temperature should be 35°F or less. The use of flake ice is encouraged as long as the ice is dissolved by the time the total injection solution is completed.
2.Phosphates – During or after the addition of the phosphate, the solution should be vigorously agitated. Phosphates are typically the hardest non-meat ingredients to dissolve; therefore it should be the first ingredient to be dissolved in the water. If it is not fully dissolved it will accumulate at the bottom of the mixing container and never fully be incorporated into the brine solution.
3.Salt – After the phosphates are fully dissolved, the salt should be added slowly. Mixing should continue until the salt is also fully dissolved in the injection solution.
4.Sodium nitrite – If the product is cured, add the sodium nitrite or curing salt (i.e., a mixture of sodium nitrite and salt) after the salt is fully dissolved.
5.Cure accelerator (i.e., sodium ascorbate or sodium erythorbate) – If appropriate, after the sodium nitrite or curing salt is fully dissolved add the cure accelerator. As previously described, sodium ascorbate and sodium erythorbate react rapidly in solution with nitrates and nitrites. This reaction can cause a release of gaseous nitrogen oxide – which is toxic. To avoid the loss of ascorbate or erythorbate through premature reaction with nitrite, it should be added after the sodium nitrite is added to the solution and fully dissolved. The injection solution should be kept at 35°F to 38°F.
6.Flavorings (i.e., liquid smoke, maple syrup solids) – The flavoring should be added last after all of the other critical curing ingredients are fully dissolved. If other ingredients require a strong agitation for solution or suspension, they may need to be added earlier in the mixing process (after the salt has been fully dissolved). Any flavoring added to the injection solution should have a neutral pH so it does not negatively impact the other non-meat ingredients or future curing reaction.
 
After all ingredients are in the solution, mechanical agitation must continue to run to avoid settling and crystallization of non-meat ingredients. If they are not fully dissolved into the solution, quality issues may occur, such as “striping” or other visible markings in the injected meat due to the concentration of ingredients in the injection channels.
This second agitation does not need to be as vigorous as the first. High-speed agitation may create a vortex in the solution and continuously introduce air into the injection solution, causing flash-off of the sodium nitrite.
 
Editor’s Note
Flash-off of sodium nitrite occurs when active reducing agents (i.e., sodium ascorbate and/or sodium erythorbate) are used in curing solutions which may prematurely react with nitrite and lead to the development of nitric oxide gas. In the acid form, they (sodium ascorbate / sodium erythorbate) must be used cautiously in making brine solutions, since nitric oxide gas in concentrated form is toxic.
 
Excessive foaming, the addition of air into the injection process of the injection solution, should be avoided as well. The foaming will cause tiny holes in the finished product, creating possible quality issues with shelf life (i.e., increased oxidation and spoilage/bacteria growth). Excessive foam also may cause erratic injection levels/percentages of solution being introduced into the meat product (i.e., sudden extreme decreases in injection pressures).
Video_Injection_1.mp4
Click to play the video and then return to read the rest of the book. 

Injection Basics
Mechanical injection is the most common method of adding marinade. Injection hurries the process and distributes the solution more evenly and quickly in the muscles compared to other conventional curing procedures (such as dry curing, immersion curing and tumbling).
There are several mechanical injectors commercially available, and all operate approximately on the same principal. A balance between needle penetrations and the pressure at which the solution is being delivered to the meat is highly important.
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The number of needles in the head of the injector plays an important part in the quantity of brine or solution that can be injected as well as its distribution in the meat. Source: GEA Food Solutions
 
Equipment used for cured products should not be used for uncured products unless it has been thoroughly washed first. Even the smallest amount of sodium nitrite in the injection system will have an effect on the uncured product.
At the beginning of production, conduct a test to determine the injector’s settings for the injection percentage. The percentage also may need to be tested periodically during production, and adjustments to the injector may be necessary to ensure a consistent amount of solution is being added. In particular circumstances (such as extended times prior to thermal processing due to smokehouse and oven limitations) it may be necessary to over-inject the product to allow for drainage loss during the preparation process.
The temperature of the injection solution is important to control, but it must be consistent. Some processors utilize injection chilling systems during the mixing process or in the storage tanks. The solution temperature should not exceed 40°F, although it is advisable to maintain the solution at a lower temperature (approximately 35°F). The colder the injection solution the better, but not so cold that ice crystals form in the solution. This temperature control will also reduce any potential bacteria growth within the injection solution.
 
The meat temperature should be approximately 32°F and never exceed 40°F during the injection process.
 
It is also important to control the temperature of the product. The meat has to be warm enough to be pliable so it easily accepts the injection solutions. As the meat product temperature rises, it is more susceptible to bacteria growth. The meat temperature should be approximately 32°F and never exceed 40°F during the injection process. Variations in the meat temperature also will have an influence on the injection accuracy and consistency.
Using the correct brine pump pressure is essential. The pump pressure may be higher for high-percentage injection levels, such as more than 50%; or lower for injection levels of 25% or below. The pump pressure also may vary depending on the muscle protein (such as beef, pork and turkey). Each protein has its own threshold for the optimum pick-up of the solution while controlling any potential damage to the muscle being injected. For example, the injection pressure for a turkey breast may not have satisfactory results in a beef or pork muscle. On the other hand, if the injection pressure used for beef is applied to the turkey breast, the pressure may blow the turkey muscle apart. This may cause the injection solution to seep out of the turkey breast and result in decreased injection percentages.
Processors injecting different muscles (e.g. pork insides, outsides and knuckles) of the same protein source should review the pump pressure because adjustments may need to be made. Muscles exhibit different firmness and fiber structure, which may require adjustments of the pump pressure to ensure the desired injection percentage is achieved.
 

Maceration
Muscle maceration is an important process in successfully producing a finished product consisting of multiple pieces. This process is only used for products which when formed consist of more than one muscle (such as sectioned-and-formed products). Maceration punctures the surface of a muscle to increase the surface area of the meat. That allows the massaging, tumbling or mixing to promote absorption of the injection solution, release additional protein and increase muscle flexibility. The increased surface area also will bind the pieces together more firmly.
Since macerated product will be further processed by massaging, tumbling or mixing, the amount of maceration may be excessive, causing the muscle to lose its integrity. The result may be a stringy piece of meat, and the finished product will not have the desired visual appearance or texture. In the production of some whole muscle processed meat products (such as roast beef), all processing procedures must maintain the integrity of the muscle so the finished product has a consistent whole muscle appearance.
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Depending on the size of the piece, injection may be carried out before or after maceration. Source: Wolf-tec, Inc.
 
Most commonly, the meat is injected prior to maceration, but during maceration the product will release some of the injected solution. To compensate for that loss, over-inject or add the amount of liquid lost in the tumbling or mixing process. For the highest accuracy, adding liquid to tumbling or mixing is recommended. This will require yield tests of the product before and after maceration to determine the amount of loss experienced.
When ingredients are to be added to processed meat products in a mechanical process other than through injection (such as tumbling, massaging and mixing), the product must be macerated first to expose the maximum surface area for solution absorption.
Video_MacerationV2_1.mp4
Click to play the video and then return to read the rest of the book. 


Mixing, Massaging and Tumbling
Mixing, massaging and tumbling are all forms of mechanical agitation. In this process cell structures are disrupted, muscle tissues are exercised, and connective tissues are weakened by frictional and impact energy. The processes offer several advantages:
1.With addition of salt and phosphates, myosin (muscle fiber protein) is released, coating the surfaces of the product. This promotes binding of the proteins.
2.The exercise and movement imparted to the muscle tissue enhance marinade penetration and equilibrium. The marinade solution absorbed during mechanical agitation will have some of the protein exudate dissolved in it and will bind tighter to the product, reducing thermal process yield losses. 
3.Weakening of the connective tissue combined with the exercising of the muscle fibers will have a tenderizing effect on the product.
The optimal temperature range for these mechanical agitation processes is 38°F to 40°F. Carrying out the mechanical agitation in a vacuum will further improve the process and reduce the foaming that occurs when air is mixed in with the protein exudates.
The amount of mixing, massaging and tumbling depends on the type of meat or poultry, previous treatments that the protein was subjected to (such as injection and maceration), the size of the cut and the design or rotation speed of the equipment. It is also dependent on the quality characteristics that are desired by the processor or consumer. For example, mixing for extended periods will cause the final product to be very stiff, giving the product a rubbery texture if it is not sliced extremely thin.
 
Mixing
A paddle mixer is recommended for some sectioned-and-formed products. Mixing imparts the greatest amount of energy to the product, allowing for a fast protein extraction and absorption of ingredients. 
 
It is not only unnecessary, but it is ideal, not to pre-make brines or marinades. 
 
The size of the meat pieces will determine if the product needs to be injected before it is sectioned. If the pieces are small, ground through a kidney plate or cut into strips, injection is not necessary. The product is placed into the paddle mixer, and the non-meat ingredients are added on an individual basis. It is not only unnecessary, but it is ideal, not to pre-make brines or marinades.
 
The order of addition of the ingredients is of importance to achieve the best results.
1.Place the lean pieces into the mixer.
2.Start the mixer and add all of the salt and sodium phosphate. If the product is to be cured, add the sodium nitrite and sodium erythorbate. If there is salt in the spice mixture, add that as well. Allow the mixer to run until all the non-meat ingredients are mixed with the meat/poultry.
3.Add half of the total amount of water as the mixer is running. Continue mixing until all of the water is absorbed. The mixture will become sticky.
4.Add the balance of the water. If other binders/extenders are used in the formulation, add these now as well. Continue mixing until all the water is absorbed.
5.At this point other additives may be incorporated.
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Although it may not be necessary to hold the mixture for extended periods of time, it can be advantageous for products that contain larger pieces or those that are highly extended with water and or other binders or extenders. Photo credit: Wolf-tec, Inc.
 
Massaging
The massager wings impart a very low amount of energy to the product per unit of time, so it requires extended massaging time to extract sufficient quantities of protein.
Massaging relies mainly on abrasion of meat against meat or meat against stainless steel rotating paddles. Most massagers have a heavy, blunt paddle positioned vertically in the vat. The paddle rotates slowly to gently massage the meat while minimizing tearing of muscle tissue and particle size reduction.
The greatest asset of the massager is that the mechanical action is very gentle and minimizes damage to the large muscle pieces.
 
 
Editor’s Note
Many processors use the terms “massaging” and “tumbling” interchangeably, most likely due to the fact that some massaging action occurs to the muscle during the tumbling process.

Video_MassagingTumbling_1.mp4
Click to play the video and then return to read the rest of the book
 
Tumbling
Tumbling relies on gravitational impact (from meat pieces dropping from the top to the bottom of the drum as it rotates) and abrasion against other meat pieces to extract the myofibrillar proteins necessary for binding meat sections tighter.
Almost all modern tumblers have the ability to be vacuumized. The diameter of the tumbler, its interior construction and the rotational speed will determine the amount of energy imparted to the meat. There are many tumbler designs, and though they all accomplish the same results, the rotational speeds and the duration of the process will need to be determined on an individual basis.
Single muscle products, such as roast beef rounds, briskets, pork picnics, or any other meat which is formed as a single muscle piece, need only a short tumbling time. The primary objective of tumbling those types of cuts is to evenly distribute the injected brine or marinade and to tenderize the product. The protein extraction is of very little importance because pieces do not have to be connected.
Regarding sectioned-and-formed meat products, the shortest tumbling time to achieve sufficient protein extraction is preferable. Holding the product under refrigeration for 8-12 hours after tumbling improves bind strength. Unfortunately, that bind strength may be compromised under large-volume commercial production systems due space restrictions and desired throughput of production. 
There are two theories regarding tumbling time.
1.Continuous tumbling at a very low rotation speed.
2.A variable tumbling process in which tumbling occurs for a short time before the product is allowed to rest. This process repeats over several hours (e.g., tumble for 10 minutes and allow the product to rest for 50 minutes for a total tumbling process of 12 hours).
Each processor must determine which scenario is best for each unique process, product, desired product characteristics, physical space available and production throughput.
 

Stuffing
One of the primary objectives throughout the entire processing of whole muscle products is to limit the amount of air incorporated into the meat. This occurs through the injection process by controlling the injection pressures, maintaining the amount of solution in the injection tank and limiting the amount of foam that may develop in the injection solution. It is also minimized, reduced or eliminated through the tumbling/massaging process by using vacuumized systems. In recent years, true vacuumized stuffing systems have been developed for whole muscle products available to the deli industry (such as roast beef, turkey breast and ham).
 
One of the primary objectives throughout the entire processing of whole muscle products is to limit the amount of air incorporated into the meat.
 
The terminology “true vacuum stuffing system” should be qualified, though. Vacuum stuffers have been available to the meat industry for many years. To some processors, the term is thought to mean that air will be removed from the meat system throughout the filling process.
On the contrary, a vacuum stuffer is associated with the feeding of the product into the feed system with the aid of the vacuum. To achieve an optimum filling of the chambers in the meat pump, the feed system must operate under a vacuum in addition to the mechanical feed in the hopper (i.e., auger and counter auger arm).
 
AnimationVaneCell-1.mov
The filling product is drawn into the cells due to the vacuum. This is why it is referred to as a "vacuum stuffer” or “vacuum filler." Source: Handtmann, Inc.
 
The main function of a vacuum filler is not primarily to evacuate the air from the filling product but rather to ensure optimum feeding of the product into the meat pump and to achieve maximum chamber filling.
Although the evacuation of air from the filling product is not the objective of a vacuum stuffer, a beneficial side effect is that the air quantity can be reduced by a maximum rate of 3%-4% (depending on the consistency and initial air content of the filling product). For example, if a product had an initial air content of 13%, approximately 3%-4% of air can be evacuated in the case of a low-viscosity product such as smoked/cooked sausage. Therefore, the residual air content in the finished product then amounts to 9%-10%. This means that the product may contain undesired, visible air bubbles.
On the other hand, if the air content of the raw meat batter is controlled throughout processing and the initial air content is 7%-10%, the final product has even less air content. Assuming that 2%-3% of air is removed by the vacuum system, the residual air content of the finished product then amounts to 4%-7%. Moreover, the air bubbles are generally so small and well-distributed that the product is typically considered to be sufficiently evacuated.
With the advent of high-vacuum technology, further control of air in the final product can be controlled. High-vacuum technology adds entirely new dimensions in regard to performance, product quality and economic efﬁciency.
•Performance advantage
•Very high production output due to excellent suction capability and continuous ﬁlling without down times.
•Product quality advantage
•High product quality with excellent product appearance due to elimination of all residual air. This ensures longer shelf life and perfect appearance, including inside the packaging.
•Economic efﬁciency advantage
•Very good portioning capacity and weight accuracy due to optimum feed. Maximum evacuation for higher selling weight (i.e., a denser product is produced). The technology is a compact continuous portioning system which can be used for any application, while being easy-to-use and have low operational costs.
This is particularly true in the production of whole muscle processed meat products (e.g., deli processed meat products). The vacuum filler hopper vacuum guarantees the supply of filling product in to the filling hopper and provides an external filling tube vacuum.
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Depending on the product, processors should determine the correct meat pump, rotor and vane configuration that best match the whole muscle application. A standard rotor provides the utmost weight precision when configured with the full number of vanes. Source: Handtmann Inc.
 
To create a more whole muscle appearance in the product, raw materials must be properly prepared (such as macerated and tumbled) prior to stuffing.
In those instances, a rotor with four vanes may be used for products with large particles that are to be sectioned mechanically as little as possible.
As a potential alternative to having a specific rotor for a specific whole muscle application, processors may utilize blind vanes, which reduce the number of chambers in the meat pump. Therefore, the blind vanes will further assist in maintaining the product integrity. The weight precision is reduced because at times the vane does not properly seal the inlet and outlet areas. For processors of whole slicing deli product logs, portion control is less a concern compared to the throughput requirements of the product.
Processors should include a metal detection system within the production system to avoid metal contamination. A variety of casings may be used in the production of whole muscle products. In some cases processors may use a cloth netting to create a more traditional appearance. The netting is typically treated with a release agent so it can be easily removed from the finished product after cooking and cooling without damaging the product surface. Netting that has been pre-treated also is available commercially; it has been pre-treated with a smoke that imparts both a coloring and flavor on the finished product.
In other applications, such as those of ham products, common fibrous casings may be used. They are made by impregnating a strong paper-like material with cellulose. Fibrous casings have good machinability and uniformity, which adapts well to high-speed operations. They adhere to the product surface, but they also release from the finished product easily.
In another unique application, an edible film is used. It becomes an integral part of the product during heat processing. The film surface consistency creates an upscale high-sheen appearance with advantages both on the shelf and at the table. The film helps the product retain the natural moisture of the meat during and after thermal processing.
During the production of whole muscle products that are destined for slicing applications, the product is stuffed into longer logs. A moisture-impermeable plastic casing is best suited for these applications. The impermeable material used to produce plastic casings is polyvinylidene chloride (PVDC).
Any casing that is impermeable to moisture also is impermeable to smoke. Therefore, any smoke flavoring must be incorporated directly into the product during manufacturing, or the interior of the plastic casing must be coated with a caramel coloring to give the appearance that the product has been smoked. Plastic casing also can be produced in a variety of sizes.
 
Video_Stuffing_1.mp4
Click to play the video and then return to read the rest of the book

Prior to being loaded on the smokehouse rack, the product is taken through a series of rollers or flattening belts to distribute the raw materials evenly within the casing. Therefore, the end result will be that the casing is fully used and the tail portion that was once empty will be filled. As the product is placed on the smokehouse rack, the weight of the product will inherently give it the desired D shape. Each individual processor must determine the length of the tail to allow the product to meet final product expectations and quality parameters.
In other whole muscle applications such as ham production, after the product is stuffed and clipped it is placed in presses to flatten the product. Individual presses are commercially available, and for larger volume production systems the entire smokehouse truck is designed to be a press. The press not only gives the product its oval shape, but it also can give the product a unique pattern on the top and bottom surfaces of the product.
Regardless of how the product is clipped, the clip should be applied so that it is very tight on the casing. Due to the pressure on the clip it should be applied tightly enough to hold but not so tightly that it cuts into the casing. The clip also will ensure that any minimal purge will remain within the casing until the slicing process.
Overall, processors should minimize the amount of waste produced on either end of the product. Although some of the product can be reworked back into the production of other product, it is best to minimize that practice as much as possible. Reworking product was a common practice years ago, but today it can cause issues with lotting the product correctly.
Even though these products are thermally processed to minimize pathogens, the thermal processing doesn’t address other issues related to non-meat ingredients and casings or potential physical hazards that may be found in the finished product.
 

Thermal Processing
In recent years the focus of thermal processing of ready-to-eat (RTE) meat/poultry products has related mainly to food safety. Although this is extremely important, there are many thermal processing steps within the process that occur before the desired final internal temperature is achieved. Although many different combinations of these cooking steps are commonly used, and certain steps are often added or deleted, the basic purposes for each of these steps is implemented to produce high-quality, safe RTE products. A typical cooking schedule includes most of the following steps: 
•Conditioning: The objective of conditioning is to create uniform surface conditions for the product load before it is cooked and smoked. In its most basic form, conditioning may simply be showering the load of product before cooking. The purpose is to create uniform surface conditions for the entire load of product. An example of a conditioning step would be 15 minutes with a 110°F dry bulb and a 100°F wet bulb.
•Drying: The objective of the drying step is to dry the product surface to a desired moisture level so smoke will be uniformly absorbed and the desired smoked color will develop. More smoke will be absorbed into a moist product surface than a dry product surface. For this reason, if a darker surface color is desired, the drying step should be shortened. If a lighter surface color is desired, the drying step should be lengthened. Typical setpoints for a drying step are a dry-bulb temperature of 120°F to 160°F and a wet-bulb temperature of 0°F to 120°F.
•Smoking: Either wood smoke or liquid smoke can be used to achieve smoke flavors. When wood smoke is the application of choice, maintaining hot, dry conditions in the oven will enhance the color reaction between the carbonyls in the smoke and the amines in the meat. Enhancing this reaction will promote the development of the desired smoked surface appearance. Typical setpoints during a wood smoking step are a 120°F to 165°F dry-bulb temperature and a 0°F to 130°F wet-bulb temperature.
•Color Set: The purpose of the color set step is to develop and set the smoked surface color before proceeding to higher humidity cooking and finishing. During color set, hot, dry conditions should be maintained in the oven to promote the development and stabilization of the desired smoke color. Typical setpoints for the color set are 140°F to 180°F dry-bulb temperature and 0°F to 120°F wet-bulb temperature. 
•Cooking: This step is used as a transition between the low humidity color-set step and the high-humidity finishing step. Typical setpoints for the cooking step would be a 160°F dry-bulb temperature and a 130°F to 150°F wet-bulb temperature. For some products, this step is unnecessary.
•Finishing: During the finishing step, product is cooked to its target core temperature. For RTE product, lethality is achieved. The wet-bulb setpoint should be set at or slightly higher than the target core temperature. For example, if the target core temperature for a product is 160°F, the wet-bulb setpoint for the finishing step should be 160°F or higher. This will reduce cooking times, improve product temperature uniformity and improve shrink uniformity. Typical setpoints for the finishing step would be a 170°F to 200°F dry-bulb temperature and a 155°F to 165°F wet-bulb temperature.
Thermal processing is based on energy transfer. Thermal conductivity is a measure of energy (heat) transfer through a product per unit of time and applies to meat products in the same manner as to all other items. The rate of energy transfer, to or from the product also is affected by the energy in the cooking medium, the temperature of cooking medium, the differential between the temperature of the product and medium and the velocity of the flow of the cooking medium across the surface of the product. Energy and heat always flow from high side to the low side. In cooking, the energy to cook the product flows from the heating medium (i.e., air, steam, water) to the meat.
There are many physical aspects that will significantly affect the thermal process. If these physical differentials are not recognized and addressed, a failure in the consistency and requirements of the thermals process can occur.
•Dimension of the product. Because energy flows from the surface to the center of the product, any significant difference in the dimension of the product will require more time for the energy to reach the core center of the product. If a batch of product has varying dimensions, the largest product will take longer to cook. When producing a single sausage-type product, most likely product size variation is not a concern because the size (i.e., product diameter) is somewhat consistent. Inconsistent product includes bone-in hams, boneless hams and whole muscle roast beef. When inconsistently sized product is produced and placed on the same smokehouse truck, it important to recognize this factor and place the largest sized item on the smokehouse truck where the hottest area of the truck is believed to be. In many smokehouses, this location is the center location of the top part of the smokehouse truck, close to where the smokehouse ventilation damper is located.
•Placement of the product. If products touch, or the space between the products is too small to allow for a free flow of the cooking medium (i.e., air, steam, water), the thermal process in both instances will be slowed and inconsistent. The design of the product carrier (i.e., smokehouse truck) can have a major impact on the effectiveness of the oven. Trees, trucks and cages should be designed to give adequate spacing between the products and sufficient floor clearance for proper airflow. Every attempt should be made to ensure the airflow is not blocked up through the product on the smokehouse truck. When product carriers are loaded, it is critical that the product is spaced evenly on the carrier. For partially loaded product carriers, it is best to load the product evenly on the product carrier.
•Internal core temperature. If there is a variance in the starting core temperatures of a batch, there will be a differential in the time to achieve goal temperatures for heating.
•Product type and formulation. If two different products are cooked at the same time – even if their dimensions and core temperatures are the same – their thermal conductivity and specific temperatures might vary sufficiently to result in an uneven time/temperature increase. The core temperature of each product must be monitored independently.
•Total quantity of product. Each thermal processing chamber or device has a specific energy capacity. If the total heat load or requirement of the product is greater than the capacity of the equipment, thermal processing can be slowed to an unacceptable time/temperature. For multiple truck smokehouses, every attempt should be made to not overload or underload the smokehouse. Proper full smokehouse loads are ideal for thermal processing. For an underloaded smokehouse, place the smokehouse truck in the center of the smokehouse.
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A fully loaded oven should be loaded to maintain an even amount of space between the side walls and the product carrier. Photo credit: ALKAR
 
Following the thermal processing schedules will improve the consistency of the products produced in a safe manner. There are other factors that may affect the safety of the products as well. They include: 
Hot and cold locations within the smokehouse. Due to the design and functioning of the smokehouse, hot spots and cold spots exist. For optimum knowledge of where these areas exist, processors should conduct a thermal mapping of the smokehouse.
Due to the design and functioning of the smokehouse, intake air vents bring fresh air in from the smokehouse room and exhaust fans vent air to the outside environment of the establishment. Since there is some exposure to the outside environment, the exterior climate may add some variability to the thermal processing of meat products throughout the year. With the proper functioning of smokehouse equipment and monitoring of the thermal processing data, this variability should be reduced as much as possible.
 
Product Chilling
An important process incorporated at the end of thermal processing is chilling. For any piece of equipment to operate efficiently and effectively, the chiller must be in optimal working condition.
There are other factors that may affect the safety of the products being produced as well and include: 
•RTE cooler sanitation. It is important to maintain the RTE cooler in acceptable sanitary condition. Due to the continual use of the RTE cooler and concern of Listeria monocytogenes contamination proper sanitation is a necessity. All debris and meat product debris will be removed from the RTE cooler prior to its use to chill RTE meat and poultry products. If necessary, the RTE cooler walls and floors should be rinsed with hot water.
•Product thermometer probe. This probe is used to monitor the internal product temperature during cooling (stabilization) and to determine when proper stabilization is achieved. Typically, data loggers are used to record cooling data throughout the entire stabilization process. The product thermometer probe should be clean of any debris and residue from other RTE products.
•Product loading on the smokehouse truck. The design of the product carrier (i.e., smokehouse truck) can have a major impact on the effectiveness of the cooler. Trucks should be designed to give adequate spacing between the products and sufficient floor clearance for proper airflow. Every attempt should be made to ensure the airflow is not blocked through the product in the smokehouse. When product carriers are loaded, it is critical that the product is spaced evenly on the carrier. For partially loaded product carriers, it is best to load the product evenly on the product carrier.
•Overloading/underloading the cooler. A fully loaded cooler should be loaded so that you keep an even 12 inches of space between the side walls and the product carrier. For multiple truck coolers, every attempt should be made to not overload the cooler. Overloaded coolers and lack of proper spacing may cause cooling deviations to occur. Underloaded coolers don’t present a hazard as this only increases the airflow in the cooler.
•Hot and cold locations within the cooler. In most cases, hot and cold locations within the cooler do not exist. Caution should be taken regarding the placement of racks and/or boxes as to not impede air flow within the cooler.
•Seasonal environmental variations. Due to the design and functioning of the coolers, they may be affected by the outside environment of the establishment. Depending on the location of the cooler, the outside climate may add some variability to the cooling of meat products throughout the year. With the proper functioning of cooler equipment and monitoring of the cooler data, this variability can be reduced as much as possible.
•Variation of product size within the cooler load. When producing a single sausage product, product size variation typically is not a concern because the size (i.e., product diameter) is somewhat consistent. Inconsistent product may include boneless hams and whole muscle roast beef.
•Thermometer probe check/calibration. Employees using thermometers that are used to monitor HACCP critical control points (CCPs) must follow the Standard Operating Procedure (SOP) for thermometer check/calibration. This separate SOP is located within the establishment’s HACCP plan for fully cooked, not shelf stable meat and poultry products.
•Thermometer probe placement. Clean the thermometer probe prior to use. To achieve the most accurate internal product temperature data, it is crucial that the thermometer probe be placed as centrally as possible in the product. When inconsistently sized product is used, place the thermometer probe in the largest product on the smokehouse truck to be cooled. When this product achieves stabilization temperatures, all smaller products and all product located on the smokehouse truck to be cooled also will have achieved proper stabilization temperatures.
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Many of the same concepts applied to the thermal processing of RTE products also are associated with the chilling of RTE products.
 

Slicing
The Role of Proteins
Myosin and actin, which have been extracted to the surface of the meat proteins during tumbling with salt and phosphates, are able to form a gel during cooking and result in a homogeneous product. The tightness of the gel will affect the sliceability of the product.
When using low-quality meat as a starting material for a deli loaf, actin and myosin can become denatured and lose functionality. During slicing, the deli meat will come apart at the interaction of the whole muscle pieces. Poor quality products result from pale, soft, and exudative (PSE) meat but also may be caused by excessive temperature and over-shearing during tumbling or chopping.
The consistency in size of the log or molded product is essential because it sets the stage for the way the product will perform on the slicer. Odd sizes create excess waste, generate inconsistent package weights and can cause a host of other slicing problems.
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A critical step to developing good sliceable product is consistency in product shape and size. Source: Wolf-tec, Inc.
 
Product Formulation
Superior meat quality and slicing quality are paramount if a plant wants to make a profit and meet customer expectations.
Regardless of the species, an appreciable amount of salt-soluble protein must be extracted for the log to stay intact during slicing. Sodium phosphates extract salt-soluble proteins and cause myofibrillar swelling, which aids in the retention of water. Salt also extracts salt-soluble proteins and causes electrostatic repulsion among myofibrillar proteins. This electrostatic repulsion creates more space for water to be bound.
 
Superior meat quality and slicing quality are paramount if a plant wants to make a profit and meet customer expectations.
 
Carrageenan and starches also may be included in the product formulation. However, these ingredients are typically present in items that have high amounts of water in the formulation. The carrageenan and starch form a gel with the water, which improves slicing yields.
Particle definition also plays a pivotal role in slicing quality. Some customers desire a whole-muscle appearance once the product is sliced. If a whole-muscle product is desired, the raw material can be macerated. With maceration, the raw material (i.e. turkey breast, ham muscles or beef insides) is typically cut 0.5 inches to 1 inch deep on both sides. Although macerated product is not reduced in size, the cuts on both sides of the raw material increase the surface area, thus allowing for greater protein extraction.
 
Forming Basics: Multiple Whole Muscle
Forming is the basic practice of using mechanical forces to physically re-arrange or re-configure meat into desirable shapes. Many early forming tools included spring-loaded molds or presses for multitude of whole muscle products such as ham. These earlier approaches paved the way for today’s “shaped” products such as square and rectangular formed products.
By exerting pressure, products are manipulated into desirable and uniform shapes in which subsequent heating can finalize the gelation process to provide the irreversible “formed” and distinctive shape. Benefits of the process are:
•Product uniformity. By creating a dimensionally uniform product, slicing yields improve; there is a reduction of rework; and the process provides a highly consistent product for consumers.
•Variation addressed. Because of the non-uniform and irregular shape of intact muscles, forming allows the ability to physically manipulate muscle-to-muscle variability and allow for better utilization of raw materials. Further, many different sized pieces can be combined to create a single piece finished product.
•Improved quality. Because of the lack of muscle pliability associated with whole muscles due to the structural network of protein, fat and collagen, forming can successfully improve product quality in several ways. The first is by removing air voids in the product by pressure involved with forming. It also creates a denser and more compact product. In addition, a more compressed environment encourages salt solublization and protein interaction for a stronger muscle-to-muscle bonding resulting in greater slice integrity.
 
Chilling Process
To aid in the chilling process, a continuous water shower of at least 20 minutes is recommended. Since the product both chills and heats from the outside in, there is still remaining energy from cooking in the internal portion of the log even after cooking has stopped. A continuous shower is effective in dissipating the energy from the center of the product. If a shower isn't used, the product's internal temperature will rise a few degrees during chilling, which is an inefficient way to chill and can be detrimental to final product quality.
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Even with a chilled product, many processors run logs through a crusting tunnel to crust the outside of the log.
 
Ideally, the deli loaves/logs should be cooked, cooled or at least crusted in a blast freezer or liquid cryogenic bath – and then sliced. The ideal slicing temperature for logs is about 26ºF to 28ºF for turkey and chicken; 24ºF-26ºF for ham and roast beef; and 20ºF-23ºF for emulsified products.
These are approximate starting points as the type and shape of the blade will greatly change the optimal slicing temperature. The process at Iowa-based West Liberty Foods involves blast freezing the logs to the recommended temperatures immediately prior to entering the slicing rooms. The casing is then peeled and the product is immediately sliced to avoid any rise in temperature or unnecessary exposure to the environment. Therefore the time and temperature combinations allow the product to be sliced immediately after blasting to ensure good sliceability – and a safe product.
 
 
west-liberty-foods_1.mp4
For a tour of West Liberty Foods’ pioneering processing facilities, click to watch this video.
 
Proper Equipment Maintenance
One of the most important recommendations to good sliceability involves the actual slicing equipment. These machines have the ability to cut frozen/tempered deli loaves.
All of these systems use blades and knives of various types. Sharpening those blades and ensuring proper maintenance is critical to high yields and good sliceability. Once dull, the blades cannot slice but instead will begin to rip or tear product and increase mis-cut product.
How often blades are changed depends on volume and type of product sliced, but typically the slicers should be changed after 3-4 hours of continuous slicing. Sharpening the blades is critical to good sliceability, so ensuring proper training of the use of the sharpening equipment is essential.
 

Packaging
In recent years, there has been growing appreciation among the industry for the role that packaging plays in the supply chain. When properly designed, packaging is an important enabler of sustainability thanks to its reduction of environmental impacts while delivering economic value.
 
Traditional Water-Cook Bags and Thermoformed Films
The most common cook-in bags are for cook-in-chill, cook-in-ship and cook-in-strip applications. For these applications, choosing the correct package is essential. In cook-chill or cook-freeze applications, bags or thermoformed roll stock film must withstand temperatures in the range that the product will be cooked and stored. In cook-chill applications, products need to be chilled rapidly to maintain quality and flavor.
Heat shrink bags that are used for these applications must have the appropriate moisture and oxygen barriers and mechanical resistance properties. Non-adhesive bags, also referred to as no-cling bags, can be used for whole muscle beef, turkey breast or whole birds since some non-adhesive bags allow for controlled moisture loss during cooking. Non-adhesion bags or thermoformed film can also be used for cook-freeze applications if the appropriate multi-ply material is used.
Thermoformed films with adhesion properties (cling properties) also can be used for cook-in-poultry and cook-in-ham applications to improve yields when compared to non-adhesive no-cling films. One supplier produces films for adhesion applications for poultry and ham products that are designed for use with their thermoforming packaging machines. When using adhesive packaging, it is crucial to formulate marinade or brine solutions such that cost is minimized and yields are optimized.
Multi-layer cook-in casings can be used to optimize yields in deli hams and turkey rolls in foodservice applications. Another supplier has developed a cook-in bag with barrier properties that can withstand a temperature of 210ºF. This package can be used for cook-in bag applications and/or post-package pasteurization of products.
Cook-in-strip packaging allows processors to open bags without knives, which can reduce cross-contamination and improve worker safety. Rollstock films are available for products such as deli meats, which make it convenient for the processor to cook in thermoformed films and integrate packaging equipment and material for specific applications. 
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Many bags are designed to withstand high temperatures so that they can be used for post-pasteurization treatments to enhance safety in ready-to eat products.
 
Specific Applications: Deli Products
Deli meat products are commonly water-cooked in shrink bags with meat adhesion (also called cling) properties. The adhesion properties prevent purge in the package and impart a desirable skin appearance. Ingredient formulations commonly include water or broth, salt, sodium phosphates and dextrose. The percentage of salt and type of phosphate blend are important variables that need to be optimized in product development applications.
For example, using a specific blend of phosphates with an alkaline pH may be more expensive than using a more traditional specific phosphate product but the phosphate blend product may increase yields, quality and profits.
To maximize yields in deli applications, carrageenan, sodium caseinate, soy protein concentrate and/or modified food starch often are used. Carrageenan is an important functional ingredient when high concentrations of water are used in the formulation and products are to be thinly sliced. For carrageenan, a 0.3%-0.5% mixture of kappa and iota carrageenan will enhance yields, texture and sliceability – but it is crucial that the most appropriate carrageenan product is used in the formulation.
Modified food starches can be used for two functions. An instant starch can bind water to aid in initial processing if it is a slurried product. An additional modified starch can be used to bind water and improve slicing yield. The most important factor in choosing this starch system is to make sure that the starch gelatinization temperature is lower than the final internal processing temperature of the meat product but does not break down before the final temperature is reached. It should also be considered if the starch is compatible with the storage temperatures of the product, especially if the product is frozen and potentially exposed to multiple freeze-thaw cycles.
 
Innovations in Portioning
Processors of premium restructured whole muscle processed meat products can accurately portion with innovative depositing technology. New valve series depositing devices operate in a variety of configurations to be uniquely integrated into almost all RTE tray shapes, container sizes and packaging systems.
Typically, processing employees handle the product through scale checks for weight accuracy and insertion into a packaging system. It significantly decreases the overall efficiency of the packaging process and delays the packaging cycles – not an ideal food safety process.
The new depositing solution controls portioning and also eliminates the conventional need for a flow divider immediately ahead of the cutting valve. The system eliminates underweights and reliably manages overweights with 1% precision accuracy.
 
Example of portion accuracy
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Product target weight: 4.0 pounds, sampling number: 880, standard deviation: 0.048 Source: Handtmann Inc.
 
The system features a piston knife that turns to make even higher-quality cuts than traditional guillotine shearing while maintaining portion accuracy through the entire process.
The large depositing solution is suitable for ham, turkey and beef products that are to be portioned directly into containers or pre-batched for thermo-forming machines. This vertical filling application deposits raw materials in molds, trays and other containers – and the complete system facilitates continuous production.
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By Chris Scott and Bob Moser
 
In 2011, the USDA’s Food Safety Inspection Service (FSIS) implemented new performance standards for Campylobacter as well as revised performance standards for Salmonella for poultry.
Although the industry has implemented a variety of microbial interventions over the last 20 years, the new performance standards brought about a renewed interest in control measures. The industry is generally in compliance with the performance standards, but in some cases the control of Campylobacter has been more problematic than Salmonella.
After a deadly outbreak in the late 1990s, the ready-to-eat (RTE) meat and poultry industry redoubled its efforts prevent Listeria contamination. Since 2000, the prevalence of L. monocytogenes in RTE meat and poultry products has dropped 80% to less than one third of 1%.
Still, it’s a particular challenge for deli meat processors to maintain existing safety systems even as new technologies advance and demands for their products continually adjust.
 
Lessons Learned 
Listeria monocytogenes has caused an estimated 1,600 reported listeriosis illnesses and more than 250 fatalities annually, according to the Centers of Disease Control and Prevention (CDC). It has also sparked dozens of recalls in the last 15 years, exacting the hardest toll on the very young, the elderly and pregnant women. And while the pathogen is spread through a variety of food products – including vegetables, fruits and cheeses – one primary point of transmission has most often involved sliced deli meats.
Despite their best efforts, several major deli meat processors have seen their products take center stage in major outbreaks noted by the CDC, including Bil Mar Foods in 1998 (101 people sickened, 21 killed), Cargill Inc. in 2000 (49 ill, four killed) and Maple Leaf Foods in Canada (57 ill, 23 killed). The most recent major outbreak involved Manda Packing Co. in Baker, La., which recalled more than 468,000 pounds of various deli meats in 2013, although no illnesses were reported from consumption of the affected product.
Because the threat is so constant within their plants, many processors point to strict but updateable techniques, standards, training and equipment for handling logs that are either sliced for customers, sliced for their own brands or eventually shipped directly to retailers for in-store slicing. In the latter case, once the formed turkeys and chicken breasts and boneless hams leave their plants, it is the responsibility of the purveyor to ensure product safety. But processors recognize their major role in helping ensure public safety whenever their products are being consumed.
Know the Pathogen
With North American fatality rates higher than even Salmonella and Clostridium botulinum, listeriosis and the pathogen that causes the infection have long generated intense attention of the CDC, the U.S. Food and Drug Administration (FDA) and the Food Safety and Inspection Service (FSIS) of the USDA.
As the CDC tracks outbreaks by illnesses and deaths, and the FDA focuses on establishing standard for how foods are packaged, distributed cured, FSIS looks at even more detailed aspects of processing in order to prevent the spread of the bacterium from the processor end.
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The USDA estimates that 83% of listeriosis illnesses in deli meat occurs in retail, where sanitation processes concerning slicers and presale storage are major sources of contamination of deli meats.
 
More than three-quarters of listeriosis illnesses in deli meat occur in retail – sparking FSIS to issue cleaning and sterilization procedures to help retail stores remain free of Listeria monocytogenes during the course of everyday procedures, even as the FDA reinforces a food code with standards for time and temperature control since the pathogen can grow even at low temperatures that prevent other organisms from affecting food products at the retail level.
Nearly 2,500 illnesses and 500 deaths tracked by the agency each year prompted the USDA to set new rules designed to control Listeria in food products that are exposed to the environment after being cooked.
But deli meat processors definitely are not off the hook by any means. FSIS inspections cover guidelines for cooking or smoking meats that wind up on sandwiches, hand-washing by employees and continuous monitoring to make sure that established food safety practices are being maintained within processing plants.
Meanwhile, in May 2010 the European Commission requested the assistance of the European Food Safety Authority (EFSA) to provide a scientific basis to modernize meat inspection across the EU. (In 2002 the European Food Safety Authority was created as an independent source of scientific advice and communication on risks associated with the food chain in the wake of a series of food crises in the previous decade.)
EFSA and the European Center for Disease Prevention and Control (ECDC) were charged with helping to introduce a risk-based approach to meat inspection throughout the meat production chain. By 2013 EFSA had identified and ranked foodborne biological and chemical hazards.
In the European Union (EU), nearly 100,000 human cases of salmonellosis are reported each year. Still, a coordinated approach across the EU helped reduce human cases of salmonellosis in the region by almost half between 2004 and 2009.
Although not as common in the EU, Listeria has been a source of concern as well. In the EU about 1,470 human cases were reported in 2011, with a mortality rate of 12.7 percent. A 2013 EFSA report showed that Listeria monocytogenes was found in 2.1 percent of ready-to-eat meat samples collected from supermarkets and shops. However, the EU food safety limit (100 bacteria per gram) was exceeded only in 0.4 percent of meat samples.
Effective Listeria control – and overall pathogen control, for that matter – is achieved by controlled traffic patterns; maintenance of dry, uncracked and cleanable floors; effective GMPs; proper sanitary design of both the equipment and the facility; and effective sanitation procedures.
 
Food Safety Strategies
Two major U.S. deli meat processors – one that slices ready-to-eat products for customer, the other processing in-house brands sent directly to retailers – provide unique insights in terms of how far technology and training has involved when it comes to commercial processing of protein logs.
For West Liberty Foods LLC, standard operating procedure for handling customer logs includes a consistently high-tech approach starting with boot scrubbers and encapsulated suits for workers. Additionally, the company uses all-stainless-steel equipment at one of its two facilities that covers the span from the arrival of customer logs to the 20 individual slicing cells designed to eliminate the potential for cross-contamination between products. Each cell includes a slice line, its own packaging line and individual conveyors to packaging areas where products are boxed for shipment.
With a facility that processes more than 2.5 million pounds of sliced turkey, chicken, pork and beef for such private-label customers as Costco, Kroger Co. and Wal-Mart Inc. and such fast-casual restaurant chains as Subway and Denny’s each week, West Liberty officials have cemented their solid reputation in terms of food safety in all of its operations.
“When I joined West Liberty … the industry was under a lot of pressure for food safety and there were challenges we were all having in slicing lunch meat,” recalls Ed Garrett, who joined the West Liberty, Iowa-based company in 1999 as vice president of operations and who now serves as CEO. “As we saw that competitors were going away from slicing, we made a decision that we were going to improve slicing and do it differently.”
The advances included building walls into the floor in the processing rooms to prevent the migration of pathogens, post-lethality treatments once logs arrive for processing and cryogenic crusting. That process uses carbon dioxide in an environment set at -90°F to treat the products instead of simply placing the logs in a cold room. Logs are ready to be sliced within seven minutes.
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The new techniques were incorporated as the company grew from a turkey processing cooperative to processing about 200 million pounds of sliced deli lunch meat including ham, roast beef, chicken and turkey each year. Source: West Liberty Foods
 
“If we don’t continue to advance, offering better protection for our customers’ brand while controlling our costs, we will be left behind (when it comes to continuing growth),” according to Garrett.
The concept of keeping up with gold-standard food safety practices as companies grow and customer demand ebbs and flows is a familiar one for Land O’Frost, America’s third-largest domestic provider of sliced lunch meat based in Lansing, Ill.
The company opened its first lunch meat processing plant in 1969 and has weathered the threats that a variety of pathogens have presented as the company grew. As a family-owned company, Land O’Frost slices logs that it manufacturers, then it ships the products under various brands to retailers nationwide. Unlike other large lunch meat processors, the company is directly responsible for maintaining high standards in regard to food safety before its products reach consumers.
“With ready-to-eat processed meat, the main concern in recent years has been Listeria contamination,” notes John Butts, vice president of research at Land O’Frost. “We needed to get complete control of the possibility of Listeria contamination over the last 30 years. Our scars are numerous and deep.”
Beyond implementing ever-changing, proven industry systems covering food safety at its four plants, all quality managers are required to be certified under current food safety and sanitation standards. The company also has a solid track record for developing and implementing training and professional development opportunities, most recently under the Sustaining Partner program established by the American Meat Science Association.
Land O’Frost also introduced a pasteurization kill step and one-way product flow as a proactive process to eliminate pathogens that plague meat plant environments.
“So far, we’ve done a good job reducing the chance for Listeria contamination in our processing, especially in the last 20 years,” says Butts, who has been honored by food safety groups and the American Meat Institute for his and the company’s efforts in food sanitation processes and systems.
Yet all processors are challenged to maintain food safety standards in an environment where such efforts are continually changing.
“(New) technology is leading the changes, but as the technology changes, we’re trying to keep up to maintain our safety records,” Butts says. “Meanwhile, we’re also seeing a tremendous change in the training process and that’s as significant today as it has ever been in terms of food safety.”
 
Sanitary Equipment Design
As regulations and legislation evolve, the industry needs to stay up to speed with the never-ending race to reduce pathogens.
These moves all have fomented a cultural change of sorts, influencing plant design in such a way that it goes beyond functionality and efficiency and takes into consideration the overall cleanability of the entire facility.
Nowadays, since SSOPs regulate everything from pre-rinsing and foaming to scrubbing and visual inspection, equipment must be able to be cleaned to a microbiological level – and that begins with the right equipment.
Until now, cost of the equipment has been a barrier for mid- and small-processors. To design and build a piece of equipment that’s easy to maintain and access naturally costs more. To require a rugged piece of equipment that has quick-release hinges and panels that can be snapped into place requires a closer look at the engineering behind the equipment.
The former Hillshire Brands sliced meats facility in Kansas City, Kan., has more stainless steel than nearly any other food processing facility in the world. With stainless steel false ceilings, no wood located anywhere in the facility, covered stainless steel floor drains and minimal workers along the processing line, Hillshire Brands has boasted that it’s the most advanced facility in the Western Hemisphere. Human contact has nearly been eliminated, with no human hand touching the product throughout the process and scant employees in the rooms themselves. Most rooms have just two or three people operating the robotics systems – and just two operate the cooker and chiller room, where seven 100-inch logs are processed at a time.
The goal of automation is to move a task from a person to a machine, where it is done without injury, with greater consistency, and – ideally – faster. Limiting the number of times a human touches product in process can only improve the food safety parameters.
Since human handling is a major source of contamination, operations are relying less on manual activities and more on cleaning-in-place (CIP) and sterilization-in-place (SIP) systems that are designed to clean and disinfect automatically without major disassembly.
Land O’Frost was a pioneer in working with industry organizations to open the first ready-to-eat meat processing plant designed and constructed to incorporate the 11 Principles of Sanitary Facility Design defined by a task force of the American Meat Institute in 2005. The company also played a key role in helping to develop retort technology initiatives to flexible pouches that extended the shelf life of ready-to-eat sliced meats during the late 20th Century.
 
Editor’s Note
Since 2003, the (American Meat Institute’s) AMI 11 Sanitary Design Principles for Facilities also has guided processors looking to upgrade their facilities and – most importantly – to avoid recalls.
1.Establish distinct hygienic zones in the facility to reduce the transfer of hazards from one process or area of the plant: Maintain strict physical separations that reduce the likelihood of transfer of hazards from one area of the plant, or from one process, to another area of the plant or process, respectively. Facilitate necessary storage and management of equipment, waste and temporary clothing to reduce the likelihood of transfer of hazards.
2.Control the movement of personnel and materials flow to reduce hazards: Establish traffic and process flows that control the movement of production workers, managers, visitors, QA staff, sanitation and maintenance personnel, products, ingredients, rework and packaging materials to reduce food safety risks.
3.Prevent and control the accumulation of water inside the facility: Design and construct a building system (floors, walls, ceilings, and supporting infrastructure) that prevents the development and accumulation of water. Ensure that all water positively drains from the process area and that these areas will dry during the allotted time frames.
4.Control room temperature and humidity to prevent microbial growth: Control room temperature and humidity to facilitate control of microbial growth. Keeping process areas cold and dry will reduce the likelihood of growth of potential foodborne pathogens. Ensure that the HVAC/refrigeration systems serving process areas will maintain specified room temperatures and control room air dew point to prevent condensation. Ensure that control systems include a cleanup purge cycle (heated air make-up and exhaust) to manage fog during sanitation and to dry out the room after sanitation.
5.Design, install and maintain HVAC/refrigeration systems serving process areas to ensure room air flow and quality are controlled: Design, install and maintain HVAC/refrigeration systems serving process areas to ensure air flow will be from more clean to less clean areas, adequately filter air to control contaminants, provide outdoor makeup air to maintain specified airflow, minimize condensation on exposed surfaces, and capture high concentrations of heat, moisture and particulates at their source.
6.Provide site elements (such as exterior grounds, lighting, grading and water management systems) to facilitate sanitary conditions: Provide site elements such as exterior grounds, lighting, grading and water management systems to facilitate sanitary conditions for the site. Control access to and from the site.
7.Design and construct all openings in the building envelope (such as doors and fans) to enable easy cleaning and inspection, and prevent insects and rodents from entering: Design and construct all openings in the building envelope (doors, fans, louvers and utility penetrations) so that insects and rodents have no harborage around the building perimeter, easy route into the facility, or harborage inside the building. Design and construct envelope components to enable easy cleaning and inspection.
8.Provide interior spatial design that promotes sanitation: Provide interior spatial design that enables cleaning, sanitation and maintenance of building components and processing equipment.
9.Design building components and construction to prevent harborage points through sealed joints and no voids, and use durable materials: Design building components to prevent harborage points, ensuring sealed joints and the absence of voids. Facilitate sanitation by using durable materials and isolating utilities with interstitial spaces and stand-offs.
10.Design and install utility systems to prevent contamination: Design and install utility systems to prevent the introduction of food safety hazards by providing surfaces that are cleanable to a microbiological level, using appropriate construction materials, providing access for cleaning, inspection and maintenance, preventing water collection points, and preventing niches and harborage points.
11.Provide proper sanitation systems to eliminate chemical, physical and microbiological hazards: Provide proper sanitation systems to eliminate the chemical, physical and microbiological hazards existing in a food plant environment.
 
Ease of Sanitation
Processing equipment built and sold today is far different from that sold 10 or 15 years ago. And it has to be. Machines now are meant to meet sanitary design guidelines (sloping covers, continuous welds) and must stand up to higher temperatures and harsher chemicals.
Equipment built today is influenced largely by the AMI principles of sanitary design, which – among other factors – focuses on both ease of maintenance and cleanability.
To ensure cleanability, look closely for harborage points, niche areas and “sandwiches,” or areas where two surfaces touch but are not hermetically sealed, such as conveyor rails that are made of slotted UHM and pressed into a stainless-steel channel. As with a niche or a void, these areas will easily allow microbes to harbor, grow and eventually slough off into the product stream.
If all areas of the machine are not accessible, processors cannot clean, inspect or even sample it. That’s something to consider – especially in this era of high-speed, electronically driven equipment that often can’t get wet.
One tool is an electronic maintenance management software program. It is affordable and intuitive, and although it is labor-intensive up front with data entry, it relays information on everything from down time to parts used to emergency maintenance notifications.
In Brazil, plant-level sanitation procedures are thorough and well-regulated, with multiple stages of checks by employees on machine cleaning, and Ministry of Agriculture-certified inspectors often present. The same cannot be said for sanitation at the supermarket deli department, which has driven Bruno Tosello to shift in recent years to slicing and packaging most of its processed deli meats in-house, to avoid risk of contamination with point-of-sale slicing. He is the director of Tosello Frios Especiais, one of Brazil's leading producers of specialty sausages and processed meats.
“Walmart and other large supermarkets in Brazil are increasingly receiving and stocking deli meats pre-packaged. It improves our safety levels, and I see this increasing as Brazil's grocers continue to expand supermarket size,” Tosello says.
Mario Lanznaster, president of Aurora Alimentos, is less optimistic about growth for pre-sliced and packaged options. Approximately 10% of his company's deli meat production is currently prepared in this way, sold primarily in Brazil's southernmost states where local shops and consumers have come to expect that level of pre-packaged service.
The other 90% of Aurora's sales to the central, northern and eastern regions of Brazil are made in full blocks of further processed meats for slicing and portioning in-store, as is the norm in those regions. As Brazilian families continue to decrease in size and supermarkets grow larger, Lanznaster concedes that pre-packaged slices may gain ground nationwide.
Unlike in the United States where frozen whole chickens, turkeys and cured hams can be bought year-round, sales in Brazil are limited primarily to December for holiday celebrations, with little demand the rest of the year for these whole muscle-options.
Federal regulations exist in Brazil that prohibit stores from preparing cooked meat, then slicing and portioning it for chilled sale. But it's a vague law that many small stores and bars ignore on a weekly basis by baking whole chickens for sale, with no enforcement to threaten the status quo.
Carlos Eduardo de Freitas Coelho, owner of São Paulo-based specialty meats store Saint Carlo, believes Brazilian consumers could be turned on to buying sliced cold cuts of fibrous, seasoned turkey and ham year-round, instead of just during December holidays.
However, Brazilian regulations currently won't let his shop prepare and sell a fresh deli cut that was recently cooked. Saint Carlo is deemed a rotisserie by law, allowed to prepare and sell barbecued meats, with a small deli counter selling further processed cold cuts that come from a certified processor.
“I see niches forming in the market for clients that are more informed about nutrition and flavor quality, and they are opting for these more fibrous, whole-meat deli options that are more expensive,” Coelho says. “As the law stands now, I think only processors can create this product line of whole-meat slices for the deli section.”
 
Standards and Regulations
There are always instances in which the best advice to buy a new machine. However, there are plenty of upgrades to old machines and old technologies that have held up to the test of time.
The AMI sanitary design checklist is good to use for existing equipment. Although processors are comparing against potential equipment purchases, they can identify the marginal or unacceptable areas and put them on a type of periodic equipment cleaning checklist – effectively auditing their equipment at the same time.
When determining if an old piece of equipment should be replaced, remember that yield is important: If it’s going to offer a higher yield, there’s a good chance processors can justify its purchase. In the commodity business, a 1% yield on breast meat is a lot of money.
Remember, though: A 10-year-old machine may not have the safeguards built into a new machine – such as the ANSI/PMMI B155.1-2011 Standard on Safety Requirements for Packaging Machinery and Packaging-Related Converting Machinery, which defines the risk assessment process as “a series of logical steps to systematically examine the hazards associated with packaging machinery.”
The B155.1 Standard, revised several times since 1979 and most recently in 2011 with new definitions, covers all areas of machine safety, under which U.S. and International Standard Organization and European standards have been harmonized.
Depending on the association or agency delivering the ratings (International Standard Organization [ISO] and Europe [EN], typically), and where the equipment is to be installed, navigating the world of standards, regulations and laws that may or may not cross international boundaries can be difficult.
The most widely accepted requirements are the CE (Conformity European) standards. The CE standard is required for 31 countries across Europe as well as for all products made in other countries that are shipped to those 31 European markets.
All standards that support Directive 2006-42/EC of the European Parliament are now ISO standards. The ISO – the world's largest developer and publisher of International Standards – is a network of the national standards institutes of 164 countries, including the United States and most of Europe and Latin America.
But Europe also has its own standards apart from ISO and CE in some cases. They are the EN standards. The purpose of any such European directive is to allow free movement of people, goods, money and services. By law if a machine is exported to Europe, that machine has to be certified to European standards. It has to have the declaration of conformity signed by an official that it meets the machinery directive. Most manufacturers build equipment to those requirements, though.
 
Editor’s Note
The American Meat Institute’s Equipment Design Task Force (EDTF) was charged with developing equipment sanitary design principles that meet the expectations of the meat and poultry industries. In 2002 it developed a checklist that equipment manufacturers and processors can use to ensure their equipment meet the 10 Principles of Sanitary Design:
1.Cleanable to a microbiological level: Food equipment must be constructed to ensure effective and efficient cleaning over the life of the equipment. The equipment should be designed as to prevent bacterial ingress, survival, growth and reproduction on both product and non-product contact surfaces of the equipment.
2.Made of compatible materials: Construction materials used for equipment must be completely compatible with the product, environment, cleaning and sanitizing chemicals and the methods of cleaning and sanitation.
3.Accessible for inspection, maintenance, cleaning and sanitation: All parts of the equipment shall be readily accessible for inspection, maintenance, cleaning and sanitation without the use of tools.
4.No product or liquid collection: Equipment should be self-draining to assure that liquid, which can harbor and promote the growth of bacteria, does not accumulate, pool or condense on the equipment.
5.Hollow areas should be hermetically sealed: Hollow areas of equipment such as frames and rollers must be eliminated wherever possible or permanently boxes, nameplates, end caps, sleeves and other such items must be continuously welded to the surface not attached via drilled and tapped holes.
6.No niches: Equipment parts should be free of niches such as pits, cracks, corrosion, recesses, open seams, gaps, lap seams, protruding ledges, inside threads, bolt rivets and dead ends.
7.Sanitary operational performance: During normal operations, the equipment must perform so it does not contribute to unsanitary conditions or the harborage and growth of bacteria.
8.Hygienic design of maintenance enclosures: Maintenance enclosures and human machine interfaces such as push buttons, valve handles, switches and touch screens, must be designed, to ensure food product, water or product liquid does not penetrate or accumulate in and on the enclosure or interface. Also, physical design of the enclosures should be sloped or pitched to avoid use as storage area.
9.Hygienic compatibility with other plant systems: Equipment design must ensure hygienic compatibility with other equipment and systems, such as electrical, hydraulics, steam, air and water.
10.Validated cleaning and sanitizing protocols: Procedures for cleaning and sanitation must be clearly written, designed and proven effective and efficient. Chemicals recommended for cleaning and sanitation must be compatible with the equipment and the manufacturing environment.
 
Emerging Technologies
West Liberty’s biggest selling point is an impeccable record of food safety. Its relationship with Subway stretches back more than a dozen years. Although the technology and equipment at West Liberty’s facilities drive the company’s capital expenditures up to 30% more than industry standards, it’s worth it.
From the start, fully cooked logs arriving from outside suppliers and those from West Liberty’s own facility are put into steel bins and through a post-lethality treatment prior to slicing. Then each log heads to one of 20 individual slicing cells whose walls are built into the floor to prevent pathogen migration. Individual refrigeration units mounted to the roof above each cell filter the cell’s air twice, maintain positive air pressure in the cell and keep the cell’s temperature at 38°F.
To further streamline the process, the company uses cryogenic crusting, in which a carbon dioxide tunnel crusts the product while in motion instead of transferring it to a traditional blast cell or placing it on a rack in a cold room. Six-foot logs are moved into the cruster (set at -90°F), and are ready to be sliced within seven minutes.
 
Each slicing cell is its own plant: one slice line, one packaging line and a conveyor to the packaging and boxing areas.
 
Each slicing cell is its own plant: one slice line, one packaging line and a conveyor to the packaging and boxing areas. It is a revolutionary diversion from the conventional massive room with multiple slice lines. Each cell also has its own drain system that does not connect to any other drains. The drains are sealed nightly and flooded with sanitizers, which are able to kill Listeria even if it’s growing on the drain’s top half.
Now, with one of the newest slicers in North America and an attached cryogenic tunnel, the cell at the company’s facility in Mt. Pleasant, Iowa, can slice up to six logs at a time and 120,000 pounds of ham per day.
Globally, three processing technologies in particular – high-pressure processing (HPP), ultraviolet light (UV) and microwave heating (MW) – hold promise from a research and development perspective and offer strong commercial potential in the next five years. Regardless of the market, the reasons are the same: the impact on product price and competitiveness, water and energy saving opportunities and regulatory drivers.
North America and Europe remain the two largest markets in the development of food processing innovations. The interest in technologies and commercialization opportunities has begun to catch up in South America (especially in Brazil with an emphasis on HPP).
The international food community considers novel processing technologies as next-generation tools to improve food safety and solve global challenges of feeding an increasingly massive population in addition to shelf-life extension – especially in countries with warm climates and under-developed cold chain infrastructure. The level of processing technology development and regulatory status achieved in North America and Europe may accelerate the applications in developing countries.
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By Jim Scarpa
 
The average consumer eats three sandwiches per week, and 43% of consumers eat four or more sandwiches per week. What’s more, 54% of sandwiches are prepared at home with meats sliced at the supermarket deli or purchased prepackaged at the store, up from 51% in 2012.
Much of that penetration and consumption can be credited to advances in meat and poultry manufacturing in recent decades, namely the development of products such as deli logs, netted, boneless hams and sectioned-and-formed or chunked-and-formed items such as oven-roasted chicken breasts and multi-part turkey breasts and cooked hams prepared from small pieces of meat that are bonded together into a cohesive whole.
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The advantages that products such as netted boneless hams provide have driven the rise in consumption of ready-to-eat meats and paved the way for the spread of sandwich shops and supermarket delis across the nation. 
According to the “Lunch Meat – US – June 2013” report by market research firm Mintel, lunch meat sales are expected to grow by 15% through 2017 to $14.2 billion. The vast majority (96%) of adults aged 18 and older say their households use some kind of lunch meat.
 
Invest in Product Development 
Many in the industry believe that there would be no other way to deliver a product such as lunch meat that fits on the bread as it does and has the same eating pleasure as chunked-and-formed deli meats.
It is easy to understand the appeal of such products in the retail and foodservice segments. At home, they allow even novice cooks to put a good protein meal on the table without the drudgery of scratch cooking; in the professional kitchen, they save labor and help staffs with modest skills execute menu items consistently. 
In general terms, a whole-muscle product should consist of a single, intact muscle group, or be a full primal or sub-primal piece of meat or poultry. However, another definition of whole muscle has gained currency in the industry, namely the class of products described as sectioned-and-formed or chunked-and-formed. These products are made from large meat or poultry pieces that have been processed and pressed back together in a casing, netting or mold. 
 
“Whole-muscle, single-muscle-type products are really a very small sector of a deli case anymore.”
 
“Technically, from a textbook sense, muscle would be defined as an intact cut of muscle, intact fibers and bundles, but it can also more loosely classified as portions of that muscle that are reduced in particle size to give the appearance and performance of whole muscle,” says Jeff Sindelar, Ph.D., associate professor and extension meat specialist at the University of Wisconsin-Madison.
“Whole-muscle, single-muscle-type products are really a very small sector of a deli case anymore,” he adds. “You have a handful of products that customarily fall into that category, such as roast beef and whole-muscle turkey breast. There is probably more restructured, chunked-and-formed roast beef than there is traditional whole-muscle roast beef.”
 
Narrow the Gap Between Whole Muscle and Further Processed
The biggest area of opportunity for poultry processors resides in achieving a whole-muscle appearance for consumers while still processing the product efficiently. Sectioned-and-formed products offer consistent slicing and portioning: two very important considerations for retail delis and foodservice operations.
“You have more functionality of raw materials and in some cases, lower costs, because you can use different cuts to achieve the whole muscle-type product,” Sindelar says. “From a performance standpoint, by reducing particle size, you can change the texture, which gives you better slicing performance. You can add more ingredients in regard to brine, and you can manipulate shape and size and portions more easily in a whole-muscle product that has been particle-reduced.”
The ability to process turkey into ready-to-eat, uniform, consistent slices has helped turkey become more marketable year-round as a sandwich staple rather than simply a holiday product.
“From a consumer standpoint, you get a product in a form that you can easily put onto a sandwich and it is easy to eat,” adds Casey Owens, Ph.D., associate professor in the department of poultry science of the University of Arkansas in Fayetteville, Ark.
Contrast that with the performance of a slice cut from a whole roast turkey. 
“The texture may not be what you want for a nice slice,” Owens says. “It typically will be grainier because it has not been tumbled. When you tumble, you get the protein extraction which creates more of that cohesive smooth texture.” 
The operator also stands to lose yield because the size or shape of some slices cut from a roasted turkey will be too irregular to use in sandwiches.
 
Aim for the Foodservice Market
For foodservice operators, West Liberty Foods offers convenient sliced turkey made from sectioned-and-formed turkey breasts. There are several tiers of quality and price in those products, depending on the amount of ground material and added ingredients, such as carrageenan and water-holding agents, blended into the mixture. 
“With the lower-tier products you have quite a bit of binder material made out of materials that are ground into small pieces in which not much whole muscle is present,” explains Lee Johnson, Ph.D., vice president of technical services for West Liberty Foods, a meat processor in West Liberty, Iowa. “The larger the piece, the higher the tier, all the way up to whole muscle pieces. The customers really are after as much whole muscle as they can get. It creates an image of a natural product, because people are looking for natural, minimally processed meats.” 
To make its foodservice turkey slices, West Liberty starts with three- to five-pound turkey breasts and reduces their size, either by grinding them down to one-inch chunks or processing them in a macerator, which cuts slits in the breast to expose the interior of the muscle and allow it to absorb brine and flavors. The meat mixture is then extruded into a plastic wrapper in the form of a log that may be as much as 10 feet in length. The log shape gives structure and consistent shape to the meat as it cooks. 
“We can be very efficient in the way we slice it,” Johnson says. “Foodservice is very interested in accurate portions, because that helps operational efficiency.”
Johnson says that a product in a higher tier or an all-natural product would likely have a higher percentage of breast meat and less water and binders in the formula than a lower-tier product.
“Sometimes what we will do, because the breast meat doesn’t always sit perfectly in the log or the format without a little bit of smaller pieces, is add some smaller ground breast meat in with the blend,” Johnson says. “Typically, even in a whole-muscle, higher-end formula, you will see maybe a one-inch grind size and then you might use a very small percentage of quarter-inch to fill in the holes and make sure everything seals up together.”
Be Flexible with Food Trends
Pre-sliced deli meats also offer compelling operational advantages for foodservice and retail deli operators in regard to labor savings and improved food and employee safety. 
“Pre-sliced is going to be a convenience, maybe even a cost savings factor, for some places,” says Owens, noting the labor that is saved by eliminating meat slicing.
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Pre-slicing lessens the risk that a foodborne illness will be spread by a contaminated slicer.
 
Furthermore, keeping employees away from the slicer lessens the risk of workplace injuries and may reduce the employer’s workers compensation insurance. 
Within foodservice, pre-sliced deli meats have been gaining popularity over the last 10 years.
An operator potentially will save significant amounts of time, labor and waste by using pre-sliced deli meat. Hillshire Farm pre-sliced deli meats are shingled in one-pound portions that allow the operator to easily count and remove the desired number of slices. In addition, slice weight options range from 0.4-ounce to 0.75-ounce slices, allowing for different sandwich builds.
Marketers are increasingly aware that whole-muscle processed proteins can tag on to some of the most important contemporary food trends, such as convenience, health and wellness as well as global flavors. They appeal to the time-starved consumer because they are quick and easy to prepare. With the right product formulations, they also can be marketed as more natural, better-for-you products. And if they have global flavor profiles, they may appeal to those with adventurous palates. 
When the consumer approaches the retail meat counter, price is still the key factor in buying decisions, according to the 2014 Power of Meat survey by the American Meat Institute and Food Marketing Institute. However, consumers are not as fixated on price as they have been in the past. Factors such as nutrition, knowledge and preparation time are figuring more highly in their purchase decisions. 
Convenience is arguably the most compelling angle that marketers can use to promote value-added, further-processed meats as meal solutions for consumers.
“The 2014 Power of Meat actually talks about the growth of that category in particular,” says Kelly Perrier, marketing and innovation leader for Cargill Pork in Wichita, Kan., citing the report’s finding that more shoppers are buying convenient items. “Ready-to-eat and ready-to-heat items are where they are seeing double digit growth in the meat case.”
Focus on Niche Health Markets
Marketers in the United States have plenty of opportunities in the “better-for-you” niche segment, which in Europe is much more prevalent but subtle in its messaging.
The trends toward natural and organic products over the past generation have helped the deli meat industry to stay relevant in the United States, at least with a certain segment of consumers.
“A lot of companies have stuck a toe in, or stuck a whole foot in, trying to gauge interest in products that are better defined [as healthy or premium] than the typical product from the whole muscle meat case,” says Michael Uetz, principal with Chicago-based research consultancy Midan Marketing.
When consumers who are financially able receive messaging about why such products cost more, and about their specific health attributes, consumers will pay more, Uetz says. “They want more of that product because they feel like they’re getting something very specific from those products,” he says. “It goes toward the healthy side—the reason most shoppers started buying organic and natural is for health reasons, and it is the reason they continue to buy. We see a lot of moms buying organic product because they think it’s a better product for their children.”
Sharper messaging about health attributes would help throughout the whole muscle meat case, not just in those niche products, Uetz believes. “Health continues to be one of the biggest challenges we have, not because we don’t have a healthy product but because consumers don’t believe it because there’s so much bad press out there, about how [meat] isn’t healthy from a fat perspective and a cholesterol perspective,” he says. “We need to talk about zinc, B vitamins and other things doctors are telling patients they need to focus on.
“We’re trying to be more forthcoming about putting information on the package, communicating to consumers about the nutritional value of beef, pork and chicken. It doesn’t seem to have been a high priority for the meat industry in general,” Uetz adds.
Jeff Sindelar, professor and extension meat specialist at the University of Wisconsin-Madison, sees nomenclature issues when labeling products as premium. “There are words being used that have a connotation about old world ways, things that are more personable to consumers, like ‘carving board,’” he says. “I would probably guess that’s to separate those products from what you would consider a commodity product.”
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With “carving board,” consumers picture an artisan hand-crafting their food. It’s about using language that connects with consumers in a different way.
 
The Golden Years of Social Media
Marketers may take cues from the ways Cargill Pork gets the message out about its products. For example, to promote its Tender Choice line of pork items, it invited consumers to a dedicated microsite for the product “to unleash your inner Porkivore.” The microsite offered information about nutrition and exercise, recipes for seasonal dishes and a chance to win prizes. 
In some cases, foodservice operators who brand certain Cargill products on their menus may qualify for a menu allowance. To support its end users, Cargill’s corporate chefs conduct educational sessions for retail meat department employees at the Cargill Innovation Center in Wichita. 
 
“We have [the bloggers] try out the product and blog about if they feel it is noteworthy.”
 
Courting a network of bloggers has helped St. Cloud, Minn.-based GNP Company tout products such as Gold’n Plump Seasoned Whole Chicken and Gold’n Plump Seasoned Boneless Skinless Chicken Breast Fillets as convenient meal solutions for home cooks.
“We have [the bloggers] try out the product and blog about if they feel it is noteworthy,” says Rory Bidinger, brand advocacy and marketing manager for GNP Company. “A lot of them did, so we got word-of-mouth to promote the product.” 
The GNP marketing effort also showcases recipes and menu ideas via the company web site and email newsletter. 
Where will new marketing opportunities come for the meats in this category? The “Mintel Lunch Meat – US – June 2013” report urged brands to expand usage with product innovation in better-for-you and all-natural products that draw in new users and create new usage occasions. For example, lunch meats could be positioned as versatile, high-protein snacks or convenient ingredients for cooking.
The protein snacking angle is one that Hormel Foods, for instance, is playing up with its Rev brand wraps, which are ready-to-eat, single-serve rollups in variations such as Hot Pepper Ham and Turkey, Ham and Cheese, aimed at consumers who eat on the run.
The meat and cheese snack line is marketed toward teens and adults as a high-protein, lower calorie snack to boost energy and satisfy hunger. Each REV wrap has 15 grams of protein or more and fewer than 300 calories.
A recent Technomic Sandwich Consumer Trend Report found that consumers today place higher importance on quality and quantity as well as the appetizing appearance of sandwich ingredients.
In its promotional efforts, Sara Lee Foodservice provides operators with attractive point-of-sale materials that are customizable and feature on-trend sandwich applications designed by company chefs. 
There is a growing importance of equipment and ingredient solutions that preserve the texture and other sensory qualities of whole-muscle meats in sectioned-and-formed products. 
“It is probably an area that more companies are starting to look at,” says Sindelar, noting that the consumer is receptive to deli meats with a “carving board experience,” meaning a texture, flavor and appearance close to whole-muscle meats. 
The Mintel report finds that consumers identify all-natural ingredients as the most important attribute in their lunch meat purchase decision. In the same vein, the Power of Meat survey found health-related behaviors increasing among consumers, although still far from the main drivers of purchases. For example, the share of shoppers who care about healthful meat and poultry is increasing, even though 47% of shoppers only put “some” effort into nutritious choices and only 31% put “a lot” of effort into it. The survey also found that the natural/organic segment is continuing to grow, with 34% of respondents, up from 26%, having purchased natural or organic meat or poultry in the previous three months and 38% of current users expecting to increase purchases.
Some consumers have a belief, whether reasoned or not, that foods with short lists of familiar, easy-to-understand ingredients are better for you than foods processed with lengthy lists of unfamiliar ingredients. Thus a message that a product is less processed than others may be appealing to some consumers. 
“In my mind, everybody is trying to get natural, that is really the trend,” Johnson says. “There is a huge effort to try to change labels, to reduce unnecessary wording and to keep the ingredient statements as clean as possible. So delivering these same products with all natural ingredients or limited amounts of chemistry in them is going to be a trend going forward.”
Sara Lee Foodservice is tapping the good-for-you avenue with deli meats that have no by-products or artificial flavors, says Chris Brady, senior manager of marketing for Sara Lee Foodservice, a division of Hillshire Brands Company. In addition, Sara Lee has introduced lower-sodium offerings that are certified by the American Heart Association in both bulk and pre-sliced formats.
Science has evolved to the point that some food-processing functions can be done with more natural compounds. For example, some hams are being cured with the nitrites found in celery rather than the compound nitrite and citric acid or lemon juice is used as an antimicrobial agent in some products. In addition, some manufacturers are looking for alternatives to phosphate injections of meat.
“I think the ingredient companies are developing more natural-sounding technologies that will be more appealing for the consumer to purchase,” Johnson says.
In accord with Johnson is research chef Rick Perez, CEC, AAC, managing partner of R&D Culinary Consulting in Jamestown, N.C. 
“Without beating phosphates up, in general, people are looking for cleaner labels,” says Perez, who has been working on whole-muscle protein items enhanced with a plum extract for use by school districts, chain restaurants and retail stores. “By using the plum we are able to remove the phosphates. We are able to clean up the label so that we are just using the protein, the water, the plum and salt.” The extract results in better flavor than phosphate-injected protein while retaining moisture and allowing sodium to be reduced.
“The reality is, we didn’t invent all this technology just because,” Johnson says. “The phosphate, the nitrites, all of this came about because we were attempting to deliver a better eating experience for the consumer. Now that we have swung 180 degrees to take it out, delivering the same eating experience is a big challenge. The consumer doesn’t necessarily understand that. They think it should taste wonderful and should be perfect and look perfect, but the reality is we developed all that stuff because meat is natural and not so perfect.” 
 
Be Upfront and Proactive on Pricing
When it comes to the rising Millennial generation, whole muscle producers need to communicate brand promise before they even get to the store. “What are we delivering to consumers? We need to make them comfortable that they’re making a good choice and willing to pay money to make a good choice for their families. Consumers love beef, pork and chicken. They love the variety,” Uetz says. “They don’t want to walk away from animal protein. But they’re being inundated with, in a lot of cases, misinformation about the products. They’re also facing tight budgets and increasing prices.”
 
Whole muscle producers need to communicate brand promise before they even get to the store.
 
After years of mostly being bearish on prices, Nalivka says he’s not necessarily expecting the other shoe to drop on the current rise in prices. “I’ve always been cynical on price forecasting, but I’ve taken a change in that now,” he says. “I’ve thought, ‘No way are consumers going to stand for these kinds of prices,’ but I’m not sure if that’s the case. I think people will buy beef products if there’s consistency, quality and food safety. If you give assurance of those things, people don’t have a problem with it.”
If prices continue to rise, that means marketing will be more important than ever, Uetz believes, but it needs to be marketing with substance. “It can’t be smoke-and-mirrors marketing,” he says. “If we’re going to stand out, it’s the companies that have a clearly defined message, and they’re communicating that message very succinctly on pack and at point-of-sale.”
Ohio turkey processor Cooper Farms figures that retailers will continue to want cuts of meat delivered in the five- to seven-pound range, depend on how quickly they move, Staugler says. “The new thing is the grab-and-go sections, where they slice up maybe a pound of deli meat, put it in a package, and you just grab that up,” he says. “You can get fresh sliced meat out of the deli without having to wait. In this day and age, people don’t like to wait.”
In that vein, Staugler figures the future will bring more online ordering. “You can order online and just come pick it up,” he says. “More of the interaction with the Internet and social media—how that all plays out I’m not exactly sure, but it’s definitely growing.”
Staugler also believes the interest in knowing whether animals were treated humanely will continue to grow as the Millennial generation takes center stage. “We’ve got to understand the Millennials, the next buyers. They’re different than we are,” he says. “We need to understand how they’re going to purchase. They sure seem to want to know [more about the raising of animals]. They like facts rather than hearsay. That’s OK. That actually might help us.”
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With deli meat sales expected to grow by double digits for the foreseeable future – and nearly every consumer age 18 and older buying the product – the market for whole muscle processed meat and poultry has become an attractive niche market for processors.
Typically considered sectioned-and-formed, these products are made from larger pieces that have been processed and pressed back together via a casing, netting or mold. They’re often used in large volumes for end users seeking consistent finished products in both size and shape.
It’s no coincidence that technological advances in food safety and quality assurance have buoyed the market for whole muscle processed meat, and smart processors have capitalized on that.
As consumer and foodservice operations demand easy-to-prepare, consistent, higher-quality, flavorful meat products, there will continue to be room to grow for whole muscle products.
In the end, processors are staring squarely at an opportunity to fill the space left by conventional single-muscle products in the deli case. Though products from roast beef to whole turkey breast haven’t disappeared, there is more room for restructured, chunked-and-formed products than there ever has been.
Thank you for downloading this first installment on whole muscle processing of The Meat Processors Journal.
 
Editor’s Note
For additional information about these and other topics, the American Meat Institute has compiled a library of useful reference videos at their Meat Myth Crushers website. 
 
 
The next installment will help processors explore the market trends, technologies and best practices required to master dry and semi-dry sausage production. Watch for it in 2015. 
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