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Meatingplace and Handtmann Inc. have collaborated to develop the Meat Processor’s Journal, a digital, non-commercial educational resource for the meat processing industry.
The Meat Processor’s Journal brings thought leaders together for detailed examinations of the science, methods and trends in narrow subject areas of interest to the industry.
It is designed as a subject matter tool for processing executives, plant managers and R&D personnel to distribute and use within their organizations as it is helpful.
Volume 1:
Whole Muscle Processing
Volume 2:
Dry and Semi-Dry Sausage Production
The current volume explores dry and semi-dry sausage production from raw material selection to packaging options.
We hope you find it helpful and interesting.
Dr. Jay Wenther, director of meat technology at Handtmann Inc., with contributions by Chris Scott, contributing editor to Meatingplace.
Although the U.S. Department of Agriculture (USDA) provides general standards for several processed meat products, there is no true definition for the processed meat category of dry and semi-dry sausage products. The category of dry and semi-dry sausage encompasses a wide variety of products. In one instance, the category may be broken down into fermented products, non-acidified cooked products and products acidified with chemical acidulants. In another instance, the category may be broken down into products that are shelf-stable and those that require refrigeration. In yet another instance, some processors may break the category into non-heat-treated product and heat-treated products.
The dry and semi-dry sausage category contains a variety of different types of sausage.
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Throughout this e-book, one standard is maintained regarding the category of dry and semi-dry sausage products: The products are sausages. The focus of the e-book does not include whole-muscle or restructured-muscle dried meat products such as prosciutto, bresaola and jerky. The dry and semi-dry sausage category contains a variety of different types of sausage. They may be subcategorized based on various definitions: regulatory, standard of identity, geographical area, form and caliber (diameter of the sausage cross section).
In some cases, different names have been given to very similar products because of variations in form, caliber, size of fat particles, application of smoke, addition of specific spices or presence of external molds. A variety of salami products are commercially available and may be very similar, but still named differently based on one or more of the criteria previous listed. For example, only a slight modification in the spice formulation determines the difference between several salami products. In another instance, American consumers recognize a spicy salami product as pepperoni, while Italian consumers refer to a similar product as picante salami.
In years past, climatic conditions in the production area had a strong influence on the manufacturing procedures. The climate variations are even reflected in the names of some sausage. For example, the winter salami, originally from the north of Italy, had to be produced in Hungary during the winter months to simulate the adequate processing conditions. The summer sausage was produced in the summer and was heated for safety reasons.
There is no true definition for the processed meat category of dry and semi-dry sausage products.
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Modern production techniques have been honed, equipment has been revolutionized, ingredients have been refined and made commercially available, and the meat industry’s overall knowledge of the dry and semi-dry sausage category has continued to improve its production of safe, wholesome and sought-after products of higher quality, greater consistency and a longer shelf-life.
The following list is not provided as a complete review of all of the products available in the dry and semi-dry sausage category, but rather to give the reader a glimpse of some of the products that fit into the dry and semi-dry sausage category around the world.
USA
Summer sausage: This generic description is generally used for sausages that may require refrigeration to be safely consumed. They may be thermally processed, smoked, and/or dried and vary in ingredients depending on the manufacturer and region. Like other sausages, they may be made from a single species or with a combination of beef, pork or more exotic meats like venison and then flavored with different spices and cured. Traditional summer sausage is fermented and has a tangy flavor thanks to the low pH due to favorable bacterial growth. Examples include the Thuringer and several branded sausages from Hickory Farms, Johnsonville, Hillshire Farm and Usinger’s.
Salami: Generally defined as a cured, fermented sausage, salami is usually air-dried and is considered to have originated in Italy and southern Europe. The name is derived from the Italian salame, which has its roots in the word sale, or salt, which was used to cure the combinations of pork, beef, poultry and venison. Familiar spices include pepper, garlic, wine and a wide variety of herbs. Salami may be stored at room temperature for approximately one month after being cut, making it a useful addition for everyday meals and snacks. Many salamis are named for the regions from which they originated, such as the Genoa, Genovese and Lardo.
Pepperoni: This sausage is generally made from a mixture of cured pork and beef that provides a spicy flavor and can serve as a snack or as an ingredient in such foods as pizza or sandwiches. This characteristic flavor stems from the use of red pepper, paprika, fennel seeds or anise and garlic. It is sold in various diameters depending on its eventual use.
Snack sticks: These thin sausages resemble the landjager and mini salami sausages that hikers in Europe store in their backpacks for a quick break during hiking excursions. The U.S. versions, however, are generally sold in convenience stores and other retailers under a variety of brands, including Slim Jim, Old Wisconsin Original Snack Stick and Chomps Grass-Fed Beef Snack Sticks. The attraction for consumers here is convenience, portability and size when on the go.
Lebanon bologna: This cousin of summer sausage and salami has a tangier flavor than those related cured and fermented meats. It originated with the Pennsylvania Dutch in the 19th Century and is available nationally these days. It is cold smoked at a temperature below 120°F/48.9°C. Its red color is the result of the use of beef and the development of nitrosohemeochrome, a pigment that develops and deepens in cured color as the acidity of sausage declines over a four-day smoking process.
Canada
Pepperettes: This small, thin sausage usually is made from a combination of ground beef, turkey or pork – even moose meat and venison – and is a very popular ready-to-eat snack that resembles a smaller-length North American snack stick. It may not require refrigeration depending on the processing techniques. Sometimes described as a small version of a North American snack stick or pepperoni stick with a crisp casing, pepperettes often feature pepper, garlic, sugar, salt and other spices similar to those used to make pepperoni.
Brazil
Linguiça Portuguesa: A popular dish in other Portuguese-speaking countries, this special version of pork sausage is used to extend the flavor or heartiness of a meal, especially in Brazil. The Portuguesa version of linguiça is used on pizzas in Portugal and Brazil, in egg-based dishes, soups and other meals that contain rice, beans and other proteins. This linguiça variety is made exclusively from pork and smoked using heat, unlike some other cured sausages.
Spain
Chorizo: Fermented, cured and smoked, the Spanish version of this pork-based sausage traditionally features natural casings and a distinctive red color from the use of dried smoked red peppers. Raw chorizo is often used to enhance meals as a ground meat, while dry chorizo can be enjoyed on sandwiches in sliced form. Spanish chorizo formulations use smoked paprika, garlic, herbs and other flavorings.
Salchichan: This Spanish summer sausage is often made with pork, but other animal proteins such as boar, ox and veal also make their way into some recipes. Pepper, nutmeg, cloves, coriander and other spices are included in the chopped meat mixture used to make the sausages, which are smoked, dried and/or cured in a process that can take between 45 days and three months. The fully cured sausage has a white crust and a slightly dry texture.
France
Saucission sec: Similar to other summer sausages, saucission formulations generally call for a 3-to-1 mixture of lean meat to fat. Ingredients include pork or a mixture of pork and other meats, in addition to salt, sugar, pepper seeds, garlic, dried fruits like figs or nuts like pistachios. The traditional French style involves air-drying that provides the meaty texture found in many of the country’s related small-plate offerings.
Hungary
Teliszalami: This so-called “Winter salami” is produced in Hungary and is cured in the cold air using mangalista pork, white pepper, salt, allspice, sweet peppers and other spices. The final product has a white mold and has been available to Hungarian consumers since 1869.
Poland
Kabanosy: This famous Polish sausage, also known as “the world’s finest meat stick” in some areas of Europe, is eaten as an appetizer or as a hiking food because it does not need refrigeration. Long and thin, kabanosy is made of pork that has been seasoned with pepper garlic, caraway and allspice. The sausage is then smoked and air-dried, generating a unique flavor profile in a pencil-thin form. The name is derived from the nickname “kabanek” that was given to young fattened pigs that were mainly fed potatoes in the eastern regions of Poland.
Podhalanska: A specialty sausage that originated in southern Poland, podhalanska is made primarily from a combination of lamb and pork. It reflects the sheep-rearing tradition in the foothills of the Tatry Mountains, sometimes referred to as the Polish Highlands. Lean lamb meat is separated from lamb fat and then mixed with pork in a ratio of about 65% lamb and 35% pork. After the ingredients are mixed with the salt, pepper, allspice, garlic, marjoram, paprika and other spices and put into casings, the sausages are hung to air dry for at least 12 hours with hot smoke and often dried again for two or three days.
Germany
Landjager: Primarily a snack item, this semi-dried sausage is traditionally made in southern Germany, Austria, Switzerland and the Alsace region of France. It maintains its freshness without refrigeration and can be consumed in single-meal portions or in a larger meal featuring starches and vegetables. The name apparently is derived from “jager,” the German word for “hunter,” who presumably would take the sausages with them as they looked for more game. Made with beef and pork, the landjager is pressed into molds prior to the fermentation process, giving them a rectangular cross-section when sliced. After fermentation is complete, the sausages are removed from the molds and hung in pairs on smoke sticks. The sausage is then smoked and dried. The product became available in some North American markets following the migration of German sausage makers in the early 1900s.
Mini salami: Like its counterparts in other regions of Europe, the German mini-salami is popular as a carry-along snack food that does not require refrigeration and maintains its portability without losing flavor. This thin, snack stick-like salami is usually made with pork, but other varieties use turkey or other combinations of animal proteins. Popular German mini-salami brands include Bifi (purchased by U.S.-based Jack Links in 2014) and Saletti. They are usually fermented, smoked and dried but not cooked.
Thuringer: One of the oldest sausages made in Germany, the Thuringer originated in the state of Thuringia and is referenced in the transcript of a resale bill dating back to 1404. It is considered one type of cervelat and is created using finely ground pork, beef or veal and a wide variety of salt, caraway and other regional spices. Thuringer sausage features a lower fat content than other sausages (i.e. 25% vs. up to 60%). The sausage is also distinctive because German law requires that at least 51% of the ingredients are sourced from Thuringia. Since 2012, Thuringer sausages have fallen under the European statutes of “protected geographical indication” (PGI), which protects the names of agricultural products globally.
Westphalian cervelat: This sausage is created exclusively in the Westphalia region of northwest Germany. As with many cervelats, this sausage is shorter and produced in a larger diameter casing than other sausages made using a similar processing technique. It comes in a variety of flavors, depending on the regional manufacturer. The standard pork, beef or combination of proteins along with mustard and other spices, make the Westphalian similar to North American summer sausages but different in taste to its counterparts made in Switzerland and France. They were originally made with pig brains, hence the name cervelas in the French-speaking portions of Switzerland, servelat in the Italian-speaking areas and cervelat in Germany. All three are derived from the Latin word for brain, or cerebrum.
Italy
Soppressata: With origins in Calabria in southern Italy – and spelled in a variety of ways – soppressata is notable for its coarse-ground pork that sets its texture apart from other dry sausages made with finer-ground proteins. This cured, dry salami is often made from dried ham, hot peppers, garlic and other regional seasonings, at which point the curing involves hanging the sausage to dry for between three and 12 weeks. This popular sausage is then often stored in jars of olive oil before being sliced thinly for presentation on crackers or as a substitute for pepperoni on pizzas. The various versions of soppressata result in sausages that are pressed flat (Veneta) or in traditional round links (Basilicata). This product, as well as the other salamis described here and most Italian salamis traditionally have a characteristic layer of while mold growth on the surface, which helped control drying rates, prevented infestation from insects and imparted a unique flavor to the sausages.
Finocchiona Italian salami: Named after its primary flavor component – fennel – this pork-based sausage from the Tuscany region comes with its own legendary origin story. A Tuscan peasant boy is believed to have stolen a salami from a fair in the Italian town of Preto and hidden it in a field of wild fennel. After picking it up days later, he reveled in the aroma the sausage picked up from the field spice. Today, finocchiona is usually infused with fennel and garlic during production and is encased in a traditional, natural beef casing that gives it an uneven, kidney-bean shape. According to some recipes, fermentation can take as long as 72 hours and drying can take as long as 30 days to remove up to 35% of its weight.
Calabrese Italian salami: This spicy dry sausage from the Calabria region features the paprika and peppers that make pepperoni so popular, but its heat is somewhat tempered by a pleasant fatty consistency that comes from its coarsely ground, whole muscle cuts of meat. The sausage is distinct thanks to its use of red pepper flakes and cayenne and is encased in a cellulose casing, then fermented and dried.
Genoa salami: Originally made in the Genoa region of Italy, this fermented, cured, uncooked sausage usually contains pork and veal seasoned with peppercorns, garlic and red wine, making it a perfect addition to antipasto platters or sandwiches. A well-known and highly popular Italian food, Genoa salami is cured and not smoked – unlike many hard salamis that come from Germany, Switzerland and other parts of central Europe.
Lola or lolita sausage: A dried sausage that distinguishes itself from other Italian and North American salamis because of its mild garlic seasoning, lola is usually made with pork as its primary protein and is aged longer. Believed to be Swiss in origin, lola usually comes in 1-pound sizes as it loses 25% of its moisture, while Lolita is generally two-and-a-half pounds. (The names defy conventional nomenclature as the “-ita” suffix usually involves a smaller-sized identical product.)
Czech Republic
Lovecky: First produced as a specialty during the winter months, the original recipe is believed to have been developed as recently as 1955. Its flat shape is believed to facilitate the drying process. Lovecky is also known as “hunting sausage” and also is covered by the European Union’s protected designation rules, meaning it cannot be reproduced elsewhere. The processing procedure is similar to that of landjager, giving the sausage a rectangular shape.
Turisticky: This cured sausage is traditionally smoked, cooked and dried in a process that can takes up to 12 days. It’s designed for the traveler and tourist market and features pork belly in addition to pork and beef to create a texture similar to Poland’s kabanosky.
Turkey
Soudjouk: This dry spicy sausage made with ground beef is popular in a variety of forms throughout the Balkans, Middle East and Central Asia. As one of the most common items in Turkish cuisine – especially for breakfast – soudjouk is often served alone or with eggs in Turkish homes or as a topping for pizza in other parts of the world. Traditional recipes call for the meat to be seasoned with cumin, sumac, garlic, red peppers and salt before drying for several weeks. Regional variations feature pork in non-Muslim countries and ground horsemeat in the former Soviet states of Kazakhstan and Kyrgyzstan.
Russia
Evreyskaya: This classic dry salami, seasoned with salt, sugar, garlic and regional spices, is made with beef. It is believed to have originated in Russia and the Odessa region continues to supply many of the spices used wherever this recipe is produced. Odessa-area processors are also known for the quality of their exported product.
Tambov: Tambov is made from a combination of pork, beef, pork bellies and spices such as pepper and nutmeg. It is hung at room temperature after being stuffed into a casing, then smoked, cooked and cooled to about 53°F/11.6°C before being refrigerated and then dried for between six and eight weeks. By that point, it is has lost up to 30% of its moisture content.
Asia
Lap cheong: This cured and dried Chinese sausage requires cooking by the processor. The name translates as “wind-dried Chinese sausages” in Cantonese. Lap cheong stands out for its waxy finished look and solid texture and is most commonly made of pork and pork fat. Although flavor profiles will vary depending on the recipes used in their regions of origin, lap cheong typically has a sweet-savory taste thanks to rose water, rice wine or soy sauce. Different variations of lap cheong are available in many parts of Asia, including Thailand, Vietnam and the Philippines.
Nham: A Thaistyle semi-dry, fermented pork sausage, nham is popular across Asia. Traditional recipes include lean pork, pork skins, cooked rice, garlic and chili peppers found in Malaysia, Brunei, Indonesia, the Philippines and Thailand. The rice provides carbohydrates that help lactic acid production during the fermentation process in a similar way that rice is used to make the alcoholic beverage saki, or rice wine.
Michael Fielding, managing editor of technical content for Meatingplace, and Ed Finkel, an Evanston, III.-based freelance writer, with contributions by Eugene Gerden, a Russia-based writer, and Bob Moser, a Brazil-based writer and editor.
The subcategory of dry and semi-dry sausage products may not attract much of the data-centric attention of industry and marketing analysts that cover the sausage category, but there is measurable evidence that some of its most common products – pepperoni and certain salami sausages – are driving double-digit expansion of sausage consumption in some markets.
Consumer demand for dry and semi-dry sausages is growing – both domestically and internationally – as evidenced by the presence of finocchiona and soppressata in a growing number of retail and foodservice settings. (Within the North American market, however, some categories are expected to grow more modestly in the near term. Annual sales for the pepperoni and salami categories are expected to edge higher by nearly 2% between 2013 through 2018, according to the London-based market research firm Canadean.)
Market researchers note the growth opportunities for higher-end sausages globally.
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Specific category growth, however, exists in the North American market. Pepperoni, which is popular on pizzas and as a portable snack across America, is one example. It’s enjoying steady growth in the North American market with more than 33 million pounds sold in 2013 alone, and Canadean predicts the volume for pepperoni will climb by 9% to 35.3 million pounds in 2018.
Globally, the category of “chilled processed meats” (which includes dry and semi-dry sausage products) is expected to grow 4.6% between 2014 and 2016 and another 3.1% in sales growth between 2016 and 2018, according to Euromonitor International. The research firm includes pepperoni, salami and “meat snacks” within the more general sausage category.
Market researchers note that salami and pepperoni dominate several international and consumer markets selling dry and semi-dry sausage products, but they add that there are growth opportunities for higher-end sausages.
Knowing the niche
Regardless of the market in which dry or semi-dry sausages are manufactured, it is imperative for the processor to recognize and intimately understand the sausage-buying habits of the target consumers. Large-volume and small-volume sausage makers should be prepared to: target their products to specific consumer segments to maximize sales; brand their various sausage lines appropriately to attract the consumer who is willing to try new sausage products; and develop effective manufacturing practices to ensure that all of the products consistently meet rigorous standards in regard to flavor, color, texture, availability and food safety.
MARKETING TIPS
Low-budget
branding
On the retail side, dry and semi-dry is mostly composed of small specialty sausage makers who do little marketing. It’s all driven at the shelf, with packaging.
– Tim Fallon, Columbus Salame, San Francisco
North American sausage manufacturers in the growing snack stick market that produce the Jack Links and Slim Jim sticks sold in convenience stores and larger retailers are taking full advantage of the aforementioned efforts as protein snack sticks are now found in the refrigerated sections of grocery stores and away from checkout aisles. Canadian companies like Carmichael & Co. in West Lorne, Ont., also offer their pepperettes in a variety of flavors to reach consumers who prefer their “smokies” spicier or made from venison, bison or kangaroo meat.
Similarly, Oscar Mayer introduced several new flavors of Italian-style pepperoni and salami in 2014: Oscar Mayer’s Cracked Black Pepper Salami, Classic and Turkey Pepperoni are marketed as “Old World Style” products and have become two of the most recognizable products in this category among American consumers. (It may help that they are stocked in the more heavily trafficked refrigerated meat section of grocery stores rather than in the deli section.)
A growing number of both large and small sausage makers now compete in the larger “sausage” category that includes smoked and cured products, but many have only recently entered the dry and semi-dry subcategory. The subcategory remains largely the domain of small and mid-sized processors across North America despite the entries of such larger-volume sausage makers as OSI Group, which opened a 50,000-square-foot dry sausage processing facility in West Jordan, Utah, in 2011.
Sales of pepperoni in the United States have performed well in recent years.
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Companies with niche operations with highly focused processes serving national markets from multiple regional plants – like Busseto Foods, for example – are especially careful to maintain product consistency that consumers require of their national brands.
For more regionally focused sausage processing operations, this imperative carries the same weight, which can translate into long-term success.
According to Tim Fallon, CEO of San Francisco-based Columbus Salame, the popularity of his company’s growth confirms that American consumers are discovering that salami and other dry and semi-dry sausages can successfully be used as an add-on for entertaining as well as for day-today consumption.
“We can’t make it fast enough. The overall trend in, let’s call it ‘cured Italian meat products,’ is very favorable,” Fallon says. “There’s a recognition of the artisanal side of the production of salami products.”
Other sausage makers believe the consumer relationship with their products goes well beyond traditional food purchases.
“It goes beyond the product; it’s the overall experience,” says Mike Satzow, whose Claremont, N.H.-based North Country Smokehouse was acquired in 2015 by Canadian processed meats company Les Specialites Prodal. “We’re trying to find a very, very small niche. The big processors try to create a product that is palatable to the most people. We do the exact opposite.”
Beyond North American markets, the dry and semi-dry sausage subcategory is expected to remain a promising and profitable arena for sausage makers worldwide.
Although the authors made every attempt to gather information on dry and semi-dry sausages in many more regions, specific information on these products was not readily available. Because of the similarities in their preparation, we believe the information that is contained in the following regional sections will provide representative examples of dry and semi-dry sausages from around the world.
Here’s a look at several of these global markets as they stand in 2015:
North American market
In addition to the growth in pepperoni sales in the United States and pepperettes in Canada, as outlined previously, other dry sausages like genoa, hard and Italian salami, and semi-dry products like summer sausage and snack sticks also have performed well in recent years.
Sales trends
Columbus Salame recently undertook a $28-million expansion of its facilities and capacity, and its cured meat business has been growing by double-digit percentages “year after year,” with a rising base of customers and national distribution of a product line that includes variety packs and larger sizes for the club channel.
MARKETING TIPS
Hit the “no(s)”
In 2012, in response to consumer desire for minimally processed, pre-sliced meats, Columbus Foods – a division of Columbus Salame – launched the “Farm to Fork Naturals” line with seven new products, all minimally processed without added nitrites or nitrates (beyond those naturally occurring) but rather from natural sources such as celery powder and sea salt, and made from hogs and turkeys raised on family farms. We’re going through our product line and making offerings that hit the no(s): no sodium, no gluten, less fat.
– Tim Fallon, Columbus Salame, San Francisco
Consumer awareness may be climbing, but overall the category has posted a modest sales growth of approximately 2% year-on-year in the United States, according to market research firm Canadean. Category market value is estimated to hit $1.9 billion in 2018 – up from $1.6 billion a decade earlier. The firm tracks growth in salami, pepperoni and “other fermented meats,” defined as any other fermented meats usually available ready-to-eat (except chorizo, pepperoni and salami).
Meanwhile, sales of summer sausage also have gone well for several small North American processors – particularly through mail-order promotions launched during holiday season and also in wine stores that are extending their product offerings to simplify shopping for their customers.
Snacking is a big part of the reason that San Francisco-based Gallo Salame has seen rising sales and is now the top-selling dry salami as measured by Chicago-based grocery market research firm IRI, says Kathryn Brown, senior brand manager. She adds that total salami category volume is up and that dry salami is growing faster than the overall category.
Both health perceptions and meat prices have affected the American lunchmeat category.
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The success of dry and semi-dry sausages has come alongside an overall dampening in the American lunchmeat category, which has been negatively affected by health perceptions and meat prices, according to a June 2013 category report from Mintel, Ltd., which tracked growth of just 8% in lunchmeat sales from 2007 to 2012, reaching $12.6 billion – representing a 2% decline, adjusted for inflation.
“Brands that hope to combat these demand-dampening trends and expand usage need to innovate, both with new products and new lunch meat positioning that will inspire new lunch meat occasions, such as snacking,” wrote report author Sarah Day Levesque, a food analyst for Mintel.
“Brands [need] to establish new positioning that takes consumers’ experience with lunch meat beyond the lunch hour,” Levesque wrote, “such as targeting a younger audience with snacking solutions, encouraging use of lunch meat as an ingredient in cooking, and exploring new ‘entertaining’ occasions for lunch meat.”
The market for dry and semi-dry sausage remains stable in Canada, which is considerably smaller than that of the United States but provides more fertile ground despite its size.
Aggregate sales of dry and semi-dry products at Montreal-based Roma Foods, for example, jumped 19% in volume between 2013 and 2014 – more than twice the growth of recent years, which have seen an average of 7% annually.
“[The Canadian market is] a steady market, but it remains a niche market. It’s not insane; it’s not crazy,” says Anna Dorigiola, quality control manager at Hamilton, Ont.-based Venetian Meat & Salami Co. Ltd., which makes salami and pepperoni.
MARKETING TIPS
Boast about your skills
The dry and semi-dry product category is both more difficult and more rewarding to make, requiring more skill than any other type of sausage making. You have to keep all of your meats cold when you’re making any product but it really shows up when you make dry sausages if you don’t keep it really cold. At 26°F/-3.3°C you start to lose that particle definition look that you really need to have with an old-fashioned, aged dry sausage. And it takes time: It’s not a thing you do today and sell tomorrow. You sell it in 40, 50, 60 days.
– Mike Sloan, Hermann Wurst Haus, Hermann, Mo.
By comparison, in 2013 the value of the category of fermented meats in the United States stood at $2.1 billion – vastly higher than the value of the Canadian market CA$104.3 million (US$84.7 million) that same year, according to data provided by Canadean. Looking forward, the value of the American market is expected to hit $2.3 billion in 2017, and the Canadian market is expected to actually drop to CA$99.1 million (US$80.5 million).
On a percentage basis, Canadian manufacturers make more fermented and uncooked dry and semi-dry product than the U.S., which mostly offers cooked product. “We’d like to get back into the U.S. market,” Dorigiola says. “A lot of [American products] are cooked, and not that many are only fermented (or uncooked) or dry-cured salami. There are not too many people who do that. It’s never going to be a huge market like roasts and hams, but there are still people who want the good (fermented and uncooked) salami.”
Those who can, teach
HERMANN WURST HAUS
Sausages hang from the ceiling in Mike Sloan’s 80-seat deli adjacent to his retail operation in Hermann, Mo. It helps set the stage for Sloan’s regular in-store sampling presentations. “People want to talk to the guys who make the sausage. Like with beers, they want to see the guy who is in there doing it. You’ll make a huge impression on consumers with how it was made and who did it and why,” he explains. “You can’t walk the walk without talking about it.”
A typical presentation attracts 10-20 customers, and Sloan makes sure to offer 4-6 items that showcase a variety of flavors from traditional to unique to spicy items. The progression matters, too: As with wine tasting, which progresses from sweet to dry, sausage tastings often begin with traditional salty flavors before moving to unique flavors in the middle and wrapping up with spicy items at the end.
“As you go through, their taste buds are changing and you explain what they’re going to taste next,” Sloan says. “And they’re nodding their heads and they’re saying, ‘Wow you described it and now it’s happening.’”
It may be a high-end product, but there’s no reason sausage makers shouldn’t show their passion for the product. “I put on a German hat with a feather and squinty-eyed glasses and play the part,” Sloan says. “I may look silly but with this, the sillier I look, the more money I make.”
He teaches two-hour in-store classes for $60 apiece on Friday evenings and Saturday mornings. Focusing on salami/summer sausage, wurst and bacon, Sloan limits registration to 40 students per class – and every one sells out.
“They learn how to make these products with me; they get a wurst meal plus a goodie bag with coupons; they can ask informal questions; and they get to take home a couple pounds of the product they make,” he says. “They pay me to be in my store.”
Salami production alone accounts for half of the Canadian market’s fermented sausage production. It is valued at about CA$42 million (US$34.1 million) – about one-tenth the size of the market value of salami in the United States, according to Canadean. Even though the U.S. population is more than nine times that of Canada, the domestic salami market is still just twice the pepperoni market north of the U.S. border.
Consumer trends
Consumer trends encouraging healthier eating habits and reduced overall meat consumption have contributed to a decline in overall lunchmeat usage, which can affect the use of dry and semi-dry sausages in consumer diets, reported Mintel – which rolls all sausages into its lunchmeat category. “The lunchmeat market has struggled to offset rising meat prices and negative health perceptions despite the weak economy encouraging consumers to prepare more food, including sandwiches, at home.”
Nearly half of consumers (47%) said they were eating salami on sandwiches, while another 19% said they ate it by itself or as a meat roll-up. Less than 10% said they used salami in a casserole or on a salad.
“Traditional meals have gone by the wayside. People aren’t sitting down for three square meals,” adds Satzow of North Country Smokehouse. “They’re eating five or six times a day. That’s how people are approaching it: a couple beers, summer sausage and cheese. And then later in the evening, they’re having something else.”
MARKETING TIPS
Make each slice unique
It’s not something we do in mass production (especially since) there are 1 million people with the same salami, the same lot, the same meat. When somebody buys our salami they feel like, ‘They took care of this salami like it was a baby. It’s only made for me.’
– Cristiano Creminelli, Creminelli Fine Meats, Salt Lake City
The data validate this shift away from the conventional three-meals-a-day routine in North America, says Harry Balzer, chief food industry analyst at Chicago-based market research firm NPD Group.
“It’s probably best epitomized by lunch,” he says. “It used to be a sandwich. Instead, it’s hummus and dip, or yogurt and fruit, or jerky and chips. So we don’t have to make ourselves anything, it’s all ready to eat. Anything that’s ready to eat and can be part of a meal is in a very good position right now.”
Nearly two-thirds of foodservice operators use pepperoni in sandwiches, salads and pasta.
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That doesn’t mean that the category’s other offerings – particularly pepperoni – haven’t staked their own claim on menus during other dayparts.
Pepperoni continues to be the favorite protein topping for pizza, according to “The Pizza Consumer Trend Report for 2014” from Technomic Inc., but Tyson Food Service has been encouraging foodservice operators to consider other uses for the traditional pizza ingredient, says David Jetter, chef and culinary and training senior manager.
New and innovative toppings drive traffic more than any other single variable in the pizza category.
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“It is easy for (foodservice) operators to use pizza ingredients like pepperoni in a variety of dishes,” he says. “In fact, 57% of operators use pepperoni in sandwiches, salads and pasta,” a figure he draws from the market research firm Datassential.
Consumers also are enjoying salami beyond its traditional uses. It can be used in a variety of salads, as part of a dip or mix, topped on pizzas and sandwiches—even used in breakfast dishes or served as a snack. Continued growth in the category is expected as protein snacking continues to trend higher than center-of-the-plate proteins, which are in decline.
Additionally, the Technomic pizza report shows that new or innovative toppings drive traffic more than any other single variable, Jetter notes. “We see consumers expressing interest in specialty pizza flavors that feature items like meatballs, chicken sausage, chorizo and spicy Italian toppings in lieu of traditional pizza meat toppings.”
Consumers also are increasingly looking for natural ingredients in their food products, whether they are cooked sausages or dry and semi-dry cold products.
“Manufacturers and suppliers are going to have to work on cleaner labels,” says Julia Gallo-Torres, senior analyst for food and drink/foodservice at Mintel. “That means ingredients that are seen as more natural. It’s a tough area because so many of those ingredients are necessary to keep the product shelf-stable and safe (for consumption). There’s going to be a fine line they’re going to have to walk. People generally do want more natural presentations.”
“Consumers identify all-natural ingredients as the most important attribute in their lunchmeat decision,” (which could include sausage products) Mintel wrote. “This along with the level of consumer importance placed on low or no meat filler content and low or no nitrate/nitrite content signify that consumers are wary of the over-processed nature of some lunch meats.”
MARKETING TIPS
Target Millennials
The top trends are less sodium, no (direct addition of) nitrites and antibiotic-free products, and Millennials are an especially enthusiastic market.
– Tim Fallon, Columbus Salame, San Francisco
The Mintel report found that of the 23% of consumers who said they had been eating less lunchmeat than in the previous year, 44% said they would eat more if it were lower in salt or sodium, and 43% said they would eat more if it were more nutritious in general.
Additionally, of the consumers who said they purchase hot dogs, sausages and/or lunchmeat, 45% placed importance on all-natural ingredients, 37% wanted low sodium, 33% low fat, 30% desired low or no meat filler content and 29% wanted low or no nitrate/nitrite content, the report noted.
While some American and Canadian companies produce semi-dry sausage, very few of them offer minimally heat-treated, fully dried products like those found overseas, says Ricardo Ramacieri, operating manager at Roma Foods, which makes salami, pepperoni and pepperette salami sticks.
Exciting the minority
NORTH COUNTRY SMOKEHOUSE
Sausages aren’t designed simply to satisfy the general consumer but to excite those looking for a unique experience, and Mike Satzow’s Claremont, N.H.-based North Country Smokehouse, which employs just a few dozen people at its 15,000-square-foot facility, has sought to do that since 1982.
Satzow adds Vermont apple wine to his summer sausage, enhancing its tanginess and upselling it as a gourmet product. He’s also worked on salami with orange peel and olives already within the salami itself.
Generally, the company’s small salamis (about 15 millimeters in diameter) require five weeks from trim to ship, and the larger salamis (101.6 millimeters in diameter) up to eight to nine weeks.
North County Smokehouse has won business from big-name customers such as Four Seasons Hotels and Resorts, Princess Cruises, Joe’s Stone Crab and several major airlines.
Roma recently has rolled out a “dry” version of its pepperette stick that’s spicier than the original; both are approximately 15 millimeters in diameter and compete with beef jerky and other snack sticks, Ramacieri says. The company has moved toward oils and spice extracts in lieu of spices and doesn’t use much beyond the traditional Italian-style lineup of nutmeg, garlic and fennel.
Other Canadian sausage makers are experimenting with pesto- and chili-flavored salami, as well as old-school newspaper parchment-style packaging.
North Country Smokehouse makes semi-dry summer sausage with apple wine and a smoked pepperoni product, both of which have seen significant growth, Satzow says. “Pepperoni is growing, with different flavors coming out. Pepperoni hasn’t changed in many, many years, but we’re seeing people adding jalapenos and other different flavor profiles. People are looking for hot, spicy meats, and they’re becoming more adventurous,” he says. This general trend toward spicy foods is being driven by Millennials, according to research by Canadean.
Europe
Market research consultancy Euromonitor International expects retail sales in the category to hit US$157.7 million in Europe by 2018 – a 32% increase over $119.7 million in sales in 2008. The dry and semi-dry sausage category continues to post the largest dollar and volume gains in the larger “deli meat” category in the short term as well with an estimated 5% growth in retail sales between 2014 and 2016 and a 4.5% growth between 2016 and 2018.
Many sausage makers have reaped the benefits of placing their products in front of consumers, often at the point of purchase -whether the supermarket or the operation’s retail store
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MARKETING TIPS
Communicate added value
Sausage making is the world’s second oldest profession. There is a balance between art and science. You have to get the touch and feel. Look at it as luxury meat. You’re adding the highest value to it: through the raw material, ingredients, the drying process, packaging and slicing and presentation. Most other meats don’t allow you to do that. It’s that message that is conveyed to a loyal customer base.
– Mike Satzow, North Country Smokehouse, Claremont, N.H.
Germany
In a nation renowned for its sausages, the dry and semi-dry sausage market category has taken hits recently – namely from ever-growing costs and the fallout from a 2014 price-fixing scandal that cost producers fines of nearly $460 million – but it remains strong.
Sales trends
In 2013 annual sales of sausages in Germany reached EUR€6.9 billion (US$7.7 billion), of which dry and semi-dry sausages account for EUR€1.3 billion (US$1.4 billion). In the same timeframe, the volume of domestic production is 1.6 million tons (export of premium sausages is estimated at about 330,000 tons annually).
At present, the dry and semi-dry sausage category remains very fragmented, but it consists of more than 500 companies and as many as 60,000 workers.
In recent years the market has experienced a process of consolidation, dampening domestic competition. One of the drivers is the expansion of leading local German retail chains, in particular Edeka and Kaufland. That consolidation took place through the establishment of their own meat processing facilities and slaughterhouses – leading producers of dry and semi-dry sausages to depend more on retailers, who have an increased ability to influence pricing.
At the same time, imports of sausage products manufactured outside of Germany have placed additional pressure on local meat processors. The volume of imports in recent years has significantly increased, with the majority of sausage imports coming from the United Kingdom.
Consumer trends
According to the German Ministry of Agriculture, the average per capita consumption of sausage products in Germany is estimated at 77 pounds – 55 pounds in the dry and semi-dry subcategory, which has always been in a high demand among German customers.
The ever-growing popularity of organic and clean-label products currently remains one of the major features of the German premium sausage market, which includes dry and semi-dry sausages. According to analysts of the Research Institute of Organic Agriculture, the number of farms focusing on organic farming and organic sausage and meat production has increased fivefold over the past decade.
MARKETING TIPS
Luxury for middle class
People don’t cook. They don’t know the variations in meat. But they know how to slice it and enjoy it. It’s a luxury item that middle class can afford: You can pay $3 to $4 more over a commodity product and get the best meats.
– Mike Satzow, North Country Smokehouse, Claremont, N.H.
Although the term “organic” doesn’t resonate among German consumers as it once did, they remain intrigued with “naturally produced” sausages and salamis, and they increasingly want to know how products are sourced, says Mintel’s Gallo-Torres.
“Consumers are gravitating toward more natural products, without hormones, without additives and fillers,” she explains. “They have questions about where their meat is coming from and how it’s raised, across all meat sectors. Manufacturers and suppliers wanting to stay ahead of the curve are looking for that ‘natural’ claim. If you’re talking about lunchmeat, that’s going to be even more important because that’s a huge category for children.”
German consumers are gravitating toward more natural products, without hormones, without additives and fillers.
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In addition, the rising German Muslim population (more than 4 million people) has increased the demand for sausages produced in accordance with halal requirements.
United Kingdom
Similar to Germany, the U.K.’s dry and semi-dry sausage category also has increased in recent years in spite of external factors, most notably historically high pork costs that have put additional pressure on processors.
MARKETING TIPS
Build an online fan base
We focus heavily on social media: Facebook, Twitter, Pinterest. We’re always building a community of fans or advocates of Columbus (around 100,000, in addition to those who receive the company’s monthly e-newsletter sent to the entire customer base offering new products and recipes). That fan base skews toward a more mature customer base: ages 34 to 45 whose interests include entertaining (think sausages over chips and dip for a Super Bowl party) and high-protein, portion-control snacking. It also skews toward males.
– Tim Fallon, Columbus Salame, San Francisco
In addition, the 2014 horsemeat scandal, which involved fraudulently labeled products containing undeclared horsemeat from continental meat suppliers, has resulted in a significant tightening of production standards and the increase of the number of checks in the entire U.K. meat processing industry. That, in turn, has resulted in increased costs for processors.
Sales trends
Exports account for 10%-15% of the total production of dry and semi-dry sausages in the U.K., the majority of which are sold in the domestic market.
Private-label products heavily dominate this category, with retailers such as U.K.-based Tesco and Germany-based Lidl leading the market – largely because of their affordability stemming from large volumes of product and competition. (This is in contrast to the American market, where consumers are driving growth by seeking out the best-values sausage and highest quality with little regard to price.)
Consumer trends
According to data from Kantar Worldpanel, an international company that collects and studies consumer knowledge and insights based on continuous consumer panels, the U.K. sausage category is currently estimated at about GBP£570 million (US$800 million), in which dry and semi-dry products account for 35%-38%. Nearly three-quarters of U.K. households still buy sausages, while consumer demand varies from lowest-cost budget chain brands to upscale dry and semi-dry sausage varieties.
Demand for dry and semi-dry sausages in the U.K. is expected to rise over the next several years.
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There is a continual “trading up” to dry and semi-dry sausages, the demand for which will continue to grow during the next several years, according to Mark Bottomley, finance director of Cranswick, a large British producer of premium food and sausage.
Mick Sloyan agrees. The director of BPEX, which represents the English pork industry, says that dry and semi-dry sausages still remain very popular among British consumers, adding that recent studies have shown consumers are moving away from value sausages and toward higher-priced sausages, which in turn are becoming a center-of-the-plate item.
Poland
Poland historically has maintained one of the most dynamic meat processing industries and one of the largest markets of all varieties of sausages in Eastern Europe, according to “Processed Food Market in Poland Outlook,” prepared by the analysts of RNCOS, one of E.U.’s largest business consulting services.
However, the industry has experienced tough times since 2009 in the aftermath of a global recession that hit Poland’s economy especially hard.
Sales trends
The average per capita consumption of sausage products in Poland is estimated at 55 pounds, with dry and semi-dry sausage accounting for about 22 pounds annually.
In recent years the costs of local meat processors have significantly increased due to price increases for grain, feed and other items, according to the Puls Biznesu daily, one of Poland’s leading business papers. This forced local producers of specialty sausages like dry and semi-dry products to increase prices.
MARKETING TIPS
Stick to the basics
Just as art can’t be rushed, the same goes for sausage. But we need to respect the time, and if it will be more, it will be more. If it will be less, it will be less. There are three ingredients: the salt and the spice, the meat – but the most important ingredient is the time.
– Cristiano Creminelli, Creminelli Fine Meats, Salt Lake City
As in the majority of the E.U. countries, the production of specialty sausages in Poland is mostly concentrated on small, often family-owned businesses. Analysts predict that rising costs of raw materials and tight competition in the wake of poor economic conditions may shutter many of the nation’s small local sausage producers. The situation is also aggravated by the drop in demand for dry and semi-dry sausages in their more traditional roles in meals as local consumers rein in their spending.
Consumer trends
Still, government officials at the Polish Ministry of Agriculture are optimistic that demand for dry and semi-dry sausages will continue to grow during the next several years as consumers have begun considering the products as a more affordable alternative to fresh cuts such as lamb chops and steaks. This ultimately may lead to such sausages becoming more of the focus of specific meals, especially as center-of-the-plate proteins rather than simply snacks.
Hand Mies Polowczyk Spzoo and Mroz S.A. are among the leading producers of dry and semi-dry sausages in Poland, although the Polish Ministry of Agriculture anticipates more consolidation over the next several years in the category of dry and semi-dry sausages.
Polish consumers have begun viewing dry and semi-dry sausage as a more affordable alternative to fresh cuts such as lamb chops and steaks.
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Czech Republic
Unlike neighboring E.U. markets, the Czech sausage industry remains much more complex, despite the fact that, similar to Germany, the Czech Republic has rich traditions of sausage consumption. With a per-capita consumption rate of about 75 pounds of all types sausages annually, the region is one of the highest in Europe. (No figures were available covering only dry or semi-dry sausages.)
Czech sausage makers also are concerned about the E.U.’s Transatlantic Trade and Investment Partnership and the possible impact on iconic European products.
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The more recent figures offset a dramatic 72% decline in domestic pork production between 1989 and 2013, with pork production totaling 5 million head in 1989 and 1.4 million just four years later, putting a great deal of pressure on domestic sausage production.
Small- and mid-sized-volume processors that are new to the product category should avoid exotic ingredients and instead consider starting off with well-known sausages such as soppressata (the most well-known of the Italian salamis) and the firm Tuscan finocchiona, both of which have the name recognition that can attract new customers.
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MARKETING TIPS
Use approachable ingredients
Soppressata is just pork, spices and red wine, and finocchiona is pretty much seasoned with black pepper corns; it’s sort of a second cousin to pepperoni. Both have mild, approachable flavors, and those are just two great words. They just sound good when you say it. Then people ask how you spell it. They want to know more.
– Mike Sloan, Hermann Wurst Haus, Hermann, Mo.
Sales trends
Like other E.U. nations, the Czech sausage industry is heavily fragmented, with more than 300 sausage makers scattered across the country. Among the leading Czech producers of sausages are Agrofert Holding, Schneider-Masoknobinat, Steinhauser, Krahulik-Masozavod Krahulci and Prochazka.
Exports traditionally account for 30% of the Czech total production of dry and semi-dry sausages.
Czech sausage makers also are concerned about the E.U.’s Transatlantic Trade and Investment Partnership (TTIP) it has been negotiating with the United States – and the possible impact on iconic European products, including dry and semi-dry sausages. TTIP supporters believe the agreement will expand economic growth while opponents have expressed concerns that the agreement places too much power into the hands of corporations and further limits government oversight on important regulatory issues.
Proposals in the agreement have covered food safety, animal health, plant health, competition, customs issues, technical barriers to trade, small and medium-sized enterprises and government-to-government dispute settlement.
“If we want to seize the opportunity of free trade with the giant American market, we can no longer protect every sausage as being a specialty (product),” Germany’s Agriculture Minister Christian Schmidt has noted in statements meant to represent the goals of all European sausage manufacturers.
Such statements have sparked concerns of some of the E.U.’s leading producers of all types of sausages about the possible shift of production for their sausages to the United States, and eventually the potential loss of the current advantages held by many European manufacturers of sausages that include dry and semi-dry varieties.
Consumer trends
Consumer tastes in some E.U. nations that have traditionally relied on specialty sausages for their main meals are also undergoing a major shift. The demand for dry and semi-dry sausages among the Czech population has declined significantly in recent years as consumers have turned to imported items like pizza, pasta and curry for their main meals.
Despite rich traditions of sausage consumption, recent declines in dry and semi-dry sausage consumption have occurred in all quality and pricing segments, including premium products.
Russia
The Russian market for dry and semi-dry sausages has been growing steadily, despite the nation’s ongoing economic crisis. Sausage always has been popular in Russia due to rich cultural traditions that encompass both mid-range and premium dry and semi-dry sausage products.
Currently the dry and semi-dry sausage category is one of the most popular products in the Russian sausage market with a 7% market share, and total volume at 3.07 million tons as of 2013.
Sales trends
Brunswick dry sausage, which is produced by Cherkizovsky Meat Processing, remains the best-selling dry sausage brand in Russia.
The Russian market for dry and semi-dry sausages is dictated by price:
• The mid-priced segment is mostly composed of semi-dry sausages, priced at RUB 350.91 per kilogram (US$5.65 per 2.2 pounds).
• The premium segment is occupied largely by dry sausages, including salami, priced at RUB 667.96 per kilogram (US$10.75 per 2.2 pounds) and higher. In general, prices for dry and semi-dry sausages are about twice as high as other sausage products and are expected to increase significantly again in the near term.
“The biggest increase of prices will be observed in the case of sausages with the highest fat content, where in Russia and other parts of the world, fat is an expensive ingredient. This will primarily affect the segment of dry and semi-dry sausages,” says Mushegh Mamikonian, president of the Russian Meat Union. “Until recently, Russian meat processors have imported large volumes of pork cuts with high fat content. However, due to increased prices, they will be forced to shift to cheaper poultry and turkey meat.”
In terms of structure, currently the market for dry and semi-dry sausages is almost fully dominated by domestic production. Imported sausages – largely targeted at the super-premium segment and priced at RUB 700 per kilogram (US$11 per 2.2 pounds) and higher – account for just about 5% of the market. According to the Russian Meat Union, the share of imported sausages should increase to more than 15% of the market in the near term.
Exports account for 0.5% of domestic production, with Georgia and Azerbaijan in the Caucasus being the largest markets.
According to the Russian Ministry of Industry and Trade, local producers account for about two-thirds of the sausage category – although analysts are predicting consolidation over the next several years as smaller producers (30-45 tons of daily production) either seek to merge with larger competitors or shutter their facilities altogether over concerns about the rising prices of raw materials.
Clean labels are the selling point
COLUMBUS SALAME
Founded by Italian immigrants in 1917, Columbus Salame is a San Francisco Bay-area institution producing a handcrafted collection of Italian-style dry cured salami and an assortment of premium deli meats.
Columbus Salame ages its products in a manner that corresponds to the diameter of the particular sausage product, but the products typically ferment and dry from 30 to 90 days. “We cure in the traditional Italian European fashion. Our salami is dry-cured, it’s artisanal. That’s how we market the products,” explains Tim Fallon, Columbus Salame CEO.
And the patience seems to pay off: Where Fallon’s genoa salami is fermented, cured and dried for 60 days, his much-larger competitor cures its own genoa salami in one quarter of the time – and the flavor profile reveals that, he says.
To address consumers’ health-related concerns, Columbus Salame has limited the addition of direct sources of nitrates and nitrites from its products, developed a “strong” low-sodium salami line and also has been evaluating how best to move to lower fat products.
Consumer trends
The demand for products in the dry and semi-dry sausage category has been steadily growing for more than a decade, in part because of the growing purchasing power of local consumers and the development of new sausage formats by producers (such as sliced products).
There is a high level of competition in the Russian sausage market. Leading sausage producers that make dry and semi-dry sausages include OJSC Ostankino Meat Processing Plant, OAO Cherkizovsky Meat Processing Plant, JSC Mikoyan, JSC Tsaritsyno and Dymovskoe. The majority of producers are located in a corridor covering Moscow and an area about 520 miles southeast of the Russian capital.
As in other global markets, Russian consumers prefer sausage products made with fewer additives, soy protein and GMOs, and they cite both freshness and taste (in addition to price) as top priorities when buying the products. The category’s average annual price growth ranges from 4.4% to 10.3%.
Most dry and semi-dry sausage products are consumed in the largest cities of the country, and in particular Moscow (which accounts for 30% of sales of these sausages), St. Petersburg, Novosibirsk and Ekaterinburg. This is believed to be the result of the higher purchasing power of urban Russians versus that of the residents of the nation’s vast rural regions.
Peak sales occur in spring and early summer, and supermarkets account for the majority of sales of dry and semi-dry sausages in Russia.
Brazil
Brazil is the focus of South American market research because it is the continent’s largest economy, producer and consumer of meat products, although data specific to the consumption of dry and semi-dry sausages in Brazil is extremely limited. Such products, however, exist in Brazil, thanks primarily to Brazil sharing many culinary customs with its continental neighbors, the large influx of Portuguese, Spanish and Latin American and Italian immigrants who landed in South America in the 19th and 20th centuries.
Enduring social traditions and still-limited purchasing power for much of Brazil’s population continue to limit the appeal of dry and semi-dry sausage in South America’s largest market, but high-quality sausage products offer room for growth in the years ahead.
One approach is to customize your product and approach a restaurant chef with a unique item that can be incorporated with one of the signature items.
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MARKETING TIPS
Customize to the chef
Selling to the foodservice segment takes a very different approach. You don’t sell the product. You react to what the chef is looking for. A chef will buy our product and buy it for years. If you’re selling retail, you’ve got to sell your product every time the customer makes a buying decision.
– Mike Satzow, North Country Smokehouse, Claremont, N.H.
Sales trends
Lower price points for raw meats over cured meats are a factor for a population where the average monthly income is BRL 2,343 (US$816), according to federal data. Brazil’s gross national income per capita was estimated at BRL11,690 for 2013 (latest data available), compared with $53,470 in the United States and $41,680 in the United Kingdom, according to the World Bank.
A strong, ongoing beer-and-barbecue social custom continues to play a major role in Brazilian consumers favoring cuts of raw meat and sausages for purchase over cured and dried meats.
For Maria Tereza Bernardo Chumah, production director at meat processor Salamanca, a key to growth in the dry and semi-dry sausage market lies simply in better marketing of their daily culinary use for Brazilians of all income levels.
“Brazil’s churrasco (grilled meat) consumer (who also enjoys raw meats) and the wine and cured meats consumer are at the same time very different groups, but they also overlap,” says Chumah, whose Salamanca produces dry salami, sausages and cured hams with Spanish influences. “The market is learning to appreciate the dried and cured products. We’ll see a steady growth of 5% per year over the next five years.”
Meanwhile BRF, Brazil’s largest poultry and pork processor, has been shifting the focus of some of its hog slaughter operations to focus solely on the production of dry and semi-dry sausages and salami. The company expects to increase annual production at the plant in Marau in northeast Brazil by 9,000 tons in order to meet growing domestic and export demand.
Consumer trends
Dry and semi-dry sausage products have made inroads in different segments of the Brazilian consumer base. Cured and smoked products are modeled after European standards, and they often include references to Portugal, Spain or Italy in their names. They’re also gaining market share in Brazil’s boutique grocery stores, where they often are paired in display areas with fine wines and cheeses.
Through its Perdigao brand, BRF is a market leader in the production of semi-dry linguiça sausage and smoked calabresa sausage, with the Linguiça Portuguesa line among the most economic and popular choices for use in the weekly Brazilian culinary staple feijoada, a classic stew of black beans and low-cost pork cuts.
Linguiça Portuguesa is among the most economic and popular sausage choices.
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Brazilians are very habitual. “They eat their rice, beans and a cut of grilled beef or chicken every day for lunch. They like their raw meats for barbecue, and their (Linguiça Portuguesa) for the feijoada dish, but outside that the (dry and semi-dry) options aren’t widely utilized,” said Carlos Eduardo de Freitas Coelho, owner of São Paulo-based specialty meats store Saint Carlo.
“It’s an ongoing challenge in this area of retail to open up the Brazilian consumer to new tastes. We’ve tried free samples and taste-testing of premium dried sausages, and many wouldn’t try it,” Coelho continued. “This requires a high level of customer service training for staff to be always smiling – and to win over the customer.”
Conclusion
In some ways, the sameness of mass-produced sausages during the industrialized 20th century helped create market opportunities for salumerias – stores that specialize in selling sausages of all varieties – and helped revive and support specialty sausage makers a quarter century ago.
“As meat becomes more and more expensive, people are looking for more unique ways to prepare it and serve it,” notes Satzow of North Country Smokehouse. “As we follow European trends, this market just naturally correlates with fine wines and craft beers. To enjoy a great wine or beer, you have to eat a great sausage. It’s going to be explosive. But only so many people are going to make the investments to make a high quality product. These products taste fabulous, and they create their own velocity. It’s something you can have in a salad, or with cheese. You can serve it so many different ways.”
Dr. Jeff J. Sindelar, extension meat specialist at the University of Wisconsin-Madison, with contributions by Michael Fielding, managing editor of technical content for Meatingplace.
Raw materials provide the basis for the type of dry and semi-dry sausage produced, as well as the characteristics of the finished product. However, several variables must be factored into the decision about raw material selection and appropriate quality parameters must be established for those raw materials. As a result, there isn’t a universal approach to raw material selection.
Therefore, it is essential to have an understanding of raw material functionality in making dry and semi-dry sausages in order to control manufacturing performance and the type and quality of the finished product.
Raw materials are categorized in several ways, including their composition (i.e. fat, moisture, protein and collagen), functionality (e.g. quality of protein and quality of fat), freshness (i.e. microbiological, chemical quality), manufacturing performance (i.e. ability to maintain production, performance standards), uniformity and how they affect the finished product.
To begin evaluating and understanding raw materials and their proper selection, the specific product (or type of product) in which they will be used must first be identified, and sausage makers must understand how the material and the process will affect raw material function.
For example, products that are fully cooked (with an internal temperature of 158°F/70°C or higher) compared with those more mildly heat-treated (128°F/53.3°C and held for 60 minutes) or compared with those that have no heat treatment applied will all result in very different finished products – even when the same meat block is used. Variations on the heat process results in different effects on the functional components of the raw materials.
As another example, formulations with different species (pork, beef or poultry) and various raw material sources such as lean or fat trimmings, mechanically separated meats or even finely textured beef or pork will have different raw material functionality that will subsequently affect both the manufacturing process and the finished product quality.
Physiochemical meat quality
Unlike other processed meats, such as emulsified or coarse-ground sausages, the demands regarding meat quality for raw materials used in dry and semi-dry sausage production are uniquely different, but extremely important to recognize and understand.
Creating significant bind and water holding capacity are not of primary importance in dry and semi-dry products. Instead, texture, color and overall appearance often take precedence over other conventional processing attributes.
The primary focus should be on protein and fat, while also recognizing and minimizing any raw material-related defects. Additionally, raw materials generated from carcasses that have adverse meat quality conditions such as dark, firm and dry (DFD) or pale, soft and exudative (PSE) meat should be avoided for dry and semi-dry sausage production.
Dark, firm and dry (DFD) raw materials have a higher pH, which can affect one of the ultimate goals of fermentation: reduction of the pH. They also are darker in color, which affects raw material color uniformity, and they may have a higher microbial load due the better growth conditions for bacteria with the higher pH.
Pale, soft and exudative (PSE) raw materials have a low pH but also have much lighter color and low protein quality due to the protein damage that occurs as a result of this condition creating a less functional, lower-quality raw material.
All three main types of proteins (myofibrillar, sar-coplasmic and stromal) present in raw materials are important to dry and semi-dry sausage production.
Myofibrillar proteins, the contractile proteins associated with water holding capacity that create strong heat-set gels (also known as bind) in cooked sausages, are important for creating the structure, texture and water-holding properties found in the finished product of dry and semi-dry sausages. It is essential to maintain controlled levels. Adequate amounts of “high-quality” myofibrillar protein are required in a formulation to create the texture in the finished product (which is affected by manufacturing steps and processes such as grinding, mixing, stuffing, fermenting, cooking, drying and slicing).
The figure displays an enlarged portion from the myofibril-myofilament region.
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Closely connected to this, adequate amounts of high-quality protein also play an important foundational role of creating a strong compositional and stabilizing framework in the meat batter. The ability for a strong meat batter to withstand high levels of fat smearing, protein smearing or structural changes to the meat batter during the manufacturing process, all affecting the finished product, is attributed to the presence and amount of high quality-protein. However, consider how “high-quality” protein is defined. If in the production of fully cooked, semi-dry sausage the finished product is closer to that of a cooked sausage than a dry sausage, the focus isn’t so much on “high quality” as it is protein extraction. However, in the production of an uncooked dry sausage containing a high fat content (approximately 35% or more at formulation), the quality of the myofibrillar protein is critical for providing both a firm texture and stability (providing the structure to stabilize the fat, connective tissue and moisture during manufacturing). These are two practical examples of very different products representing very different needs for “high-quality” protein.
Sarcoplasmic proteins are considered “color proteins” since they largely affect the color of the meat. However, sarcoplasmic proteins do provide a small amount of function similar to myofibrillar proteins, and this shouldn’t be ignored. In dry and semi-dry sausages, sarcoplasmic proteins interact with sodium nitrite. During the curing process they generate nitrosolyhemochrome, the stable pink meat pigment found in cured meats. The raw materials used for a dry or semi-dry sausage, however, can significantly affect the finished product color.
Depending on species, age and anatomical location on the carcass, concentrations of sarcoplasmic proteins can widely vary. Since dry and semi-dry sausages are comminuted, uniformity of cured color is typically less of a concern within a lot or batch. However, uniformity from lot to lot or batch to batch can certainly exist and be impacted by raw material induced color variation. In addition, overall product color also may be affected by fat and/or protein smearing, which typically lightens the overall color and is created from dilution (similar to mixing red and white paint). The final internal temperature affects color: Products that are cooked at lower temperatures typically produce a darker color in the finished product. If color is a critical parameter for a dry or semi-dry sausage, processors should consider using highly pigmented raw materials – either from a specific anatomical location or a different species.
The organization of skeletal muscle includes a bundle of muscle fibers and the makeup of the myofibrils within each bundle.
Photo credit: Shutterstock
Stromal proteins are those affiliated with muscle structure and animal support via ligaments and tendons. Most of the stromal proteins related to dry and semi-dry sausage are associated with either thin layers of connective tissue surrounding muscles, muscle bundles or muscle fibers or thicker layers (e.g. straps, connective tissue and tendons), which provide live animal support. Stromal proteins are generally referred to as collagen or connective tissue in meat processing and are rarely considered a functional protein.
Instead, they are viewed as a hindrance that, if properly managed, can be successfully included in dry and semi-dry sausages formulations at moderate to low levels. Various raw materials can contribute different amounts and type of connective tissue and this should be carefully considered, especially aligning this with the product, process and finished product specification allowances. Higher connective tissue concentrations can be better managed in products that are: 1) more finely ground to reduce size and more uniformly incorporate (or hide) the connective tissue; or 2) cooked to a higher internal temperature to solubilize (soften and breakdown) into gelatin. At higher levels, connective tissue (in either collagen or gelatin form) must not disrupt the protein-based structure. That would cause a severe weakening or even collapse of the entire structure of the sausage.
The fat (or, lipid) portion of raw materials may offer significant challenges for dry and semi-dry sausage production. The fat component generally composes a high percentage of a formulation, with products ranging from 20% fat to more than 50% fat in the finished product. Fat is critical to these products as it aids in product forming and slicing during manufacture, while also contributing to the distinguishable characteristic attributes of these products. Fat provides flavor, mouth feel during consumption and an attractive appearance in finished products, which is paramount to what makes these products dry and semi-dry sausages. However, not all fat is the same, and these same positive attributes may be reversed if processing and product challenges arise.
Fat is classified in several ways with hardness and oxidative state, as well as stability being among the most common characteristics. Fat from different species provides varying levels of “hardness” and is usually related to the composition of triglycerides in the fat affecting the overall fat saturation.
1. Beef fat has the highest concentration of saturated triglycerides, with the highest melting point. The result is that it is the hardest fat of the three species.
2. Poultry fat has a much higher concentration of unsaturated triglycerides, with a much lower melting point, and as such it is much softer.
3. Pork fat resides between beef and poultry fat; however, the hardness and saturated/ unsaturated triglyceride ratio varies widely based on the diet of the live hog, and it can significantly affect overall raw material quality and functionality.
Fat also can also be evaluated for its oxidation state and stability. In the presence of oxygen (and other catalysts for fat oxidation), unsaturated fats (lipids) will begin to oxidize. This oxidation breaks the triglycerides into smaller pieces, some of which are responsible for creating rancid or off-flavors and -aromas. For semi-dry sausages, oxidation is a lesser problem, due to its production that more closely mimics that of cooked sausages in which:
The manufacturing process is generally short, limiting the amount of oxidation that can occur during production;
A lower level of fat (approximately 25% to 30%) is often used in the formulation; and
Finished products typically are not sliced and are vacuum-packaged, which minimizes oxygen exposure.
For dry sausages, longer fermenting and drying processes provide ample time for significant oxidation of fat, and the products are often sliced and/ or sold in oxygen-permeable packaging systems. Further, because dry sausages have a longer shelf life than most semi-dry sausages, additional oxidative time exists.
Microbiological meat quality
Raw materials used for dry and semi-dry sausage production also should always be assessed for their microbiological quality. Care should always be taken when combining/blending raw materials of different ages from slaughter or from different suppliers, and even from different parts of a carcass because each will contain different types and levels of spoilage bacteria.
If fermentation is utilized for pH reduction, a higher bacterial count on the raw materials can slow and even completely inhibit fermentation. In addition, if the product had little to no additional heat processing, there would be little control over the microbial loads in the finished product.
Raw material quality-related issues
Quality-related issues in raw materials used for dry and semi-dry sausage production fall into three main categories: physical, chemical and microbiological. Depending on the product and process, these issues could be rated in a range from insignificant to highly unacceptable.
1. Physical issues can be visually identified and may affect consumers during product consumption. Dilution, grind sizes and special trimming may help, but may not be able to overcome their negative impacts.
o Bone and hard gristle is common in pork trimmings and should be monitored.
o Hard fat, particularly from sows, is a problem if the fat is hard enough to simulate cartilage or bone.
o Stringy connective tissue (sometimes from cheek meat), glands and blood clots also can be a raw material defect when the end product and manufacturing system are not able to address them.
o Fat smearing may be present in raw materials if they are over-handled or blended by the supplier.
o Raw materials such as finely textured pork or mechanically deboned/separated meats with a high level of comminution can make it difficult to achieve the desired particle size.
2. Chemical issues may or may not be able to be visually detected but also can impact production and even safety.
o Antibiotic residues, which can be associated with sow and cow meat, can cause incomplete or irregular fermentation, which may equate to a lack of proper pH reduction.
o Off aromas/flavors from the oxidation of fats should be evaluated continually to ensure fat quality is maintained during production. Some companies even use a “super sniffer” (one who is sensitive to lipid oxidation) among employee ranks to identify and screen raw materials with higher-than-desired levels of fat oxidation.
3. Microbiological issues affect the ability of the manufacturer to process and control unsafe bacterial presence and growth.
o Since meat is inherently contaminated with spoilage bacteria during slaughter, bacterial populations can increase as the raw materials age so both the age and condition of raw materials should be assessed to determine the microbiological soundness of raw materials.
o Initial bacterial population present at the first point of contamination, sanitary and antimicrobial practices and the temperature control during raw material generation and storage affect the microbiological soundness. Therefore, all aspects should be taken into consideration during evaluations.
Roller coaster ride for pork, beef in 10-year forecast
Within the dry and semi-dry sausage category, the high cost of raw materials can be better managed than in lower-margin items such as ham and hot dogs.
For processors considering adding these products to their rosters, USDA projections are available to help the decision-making process.
On the pricing side, lower feed costs are expected to lead to pork price declines over the next decade as beef prices initially rise and then fall as production increases, according to USDA’s long-term projections for the U.S. agriculture sector.
Early in the projection period (2014-2024), livestock prices area expected to reflect the impact from reduced feed costs as net returns will provide economic incentives for herd expansion.
Pork
Processors should expect an initial rebound in prices as the industry replaces more hogs to replace those that were adversely affected by porcine epidemic diarrhea virus (PEDV) in 2014. Prices then will decline through most of the 10-year period as production levels rise – along with rising slaughter weights.
Prices per hundredweight will decrease 28% from 2014 to 2024, when hogs are projected to cost $55.65 per hundredweight.
Still, as pork production growth slows, any gains made in per-capita consumption in the near term are expected to moderate toward the latter half of the projection period, according to USDA.
Beef
Livestock prices initially will reflect the production responses to lower feed costs as net returns provide economic incentives for expansion, according to the report. The USDA expects that as heifers are retained for breeding, there will be a decline in beef production through 2017.
Beef prices will initially rise in the 10-year period as production declines and beef cow inventories are rebuilt, the report projects. Beef cattle prices will then drop for several years starting in 2018 when beef production is expected to increase.
The report also notes that lower prices for major U.S. crops, hogs and poultry over the next several years will result in declines in export values in 2015 and farm cash receipts through 2016.
Dr. Jeff J. Sindelar, extension meat specialist at the University of Wisconsin-Madison, and Dr. Jay Wenther, director of meat technology at Handtmann Inc., with contributions by Andrew Milkowski, adjunct professor of animal sciences at the University of Wisconsin-Madison; Tom Mysker, national manager of application engineering for Poly-clip System; and Matt Malott, vice president of sales and marketing at Multivac Inc.
Ingredients
A variety of processed meat ingredients are defined as “non-meat” or as a “non-meat ingredient.” Many of the characteristics unique to processed meat (such as color, juiciness, flavor, texture and eating experience) are achieved by the interaction of non-meat ingredients with the sausage batter.
Non-meat ingredients are utilized to develop the unique and specific characteristics of processed sausage batters. For dry and semi-dry sausage products, basic non-meat ingredients include salt; sugar; sodium nitrite; sodium erythorbate; starter cultures and/or encapsulated acidulants. Each ingredient -and distinct combinations of these ingredients – can play a special role in how a product changes during the drying phase of processed sausage batter, or by accelerating the curing rate, stabilizing color, supporting fermentation and developing flavor.
Since non-meat ingredients are so important to the characteristics of the finished product, a solid understanding of basic ingredient functions and effects is essential, if not critical. In some cases, each ingredient is formulated to meet governmental regulations, ingredient functionality and/or consumer acceptance.
Water
Although little additional water is added to dry and semi-dry meats, its quality is critical for some very functional reasons.
Specific characteristics of the water that is used can affect the quality of the product and is often overlooked. Beyond basic potability, the impact of water hardness on non-meat ingredient solubility and the effect of any trace metals and minerals – including iron and copper – on color fading, fat oxidation and product quality should be considered throughout processing.
Dry and semi-dry meats have only small amounts of water, less than 0.5%, added as a carrier for the starter culture to be placed in suspension for uniform distribution throughout the meat. This practice makes it more efficient to achieve effective fermentation with pH, finished product moisture and water activity targets in these products.
Municipal water supply sources almost always contain chlorine to inactivate bacteria, which includes bacteria contained in starter cultures used in fermentation. Most processors, therefore, will use only deionized or distilled water that has no active chlorine in it. Since only small amounts are used in this category of products, this is easily done via purchased water for this special purpose.
Salt
Salt, or more accurately sodium chloride, is an important preservative for processed meats and is the key ingredient to maintain the shelf stability of many dry and semi-dry products. The main function of salt is a dehydrating agent, which alters osmotic pressure to inhibit bacterial growth and subsequent spoilage. It also provides the most desirable flavor.
The amount of salt used for various sausage products may vary, but typically it consists of about 2%-2.5% of the batch for semi-dry sausage products and 2.75%-3.3% for dry sausage products. The shrinkage of the product that occurs during processing and drying can result in 4%-5% salt or more in a finished product.
In other non-fermented sausage batters, such as ham, bacon and emulsified sausages, 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. Since these properties are not desired in dry and semi-dry sausages, salt addition must be timed during the process in order to minimize this potential effect. This is achieved by temperature control as well as minimizing the mechanical action and shear while mixing the batter after salt is added.
Salt also may cause undesirable effects on a processed meat system, mostly in the form of 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 sausage batters.
Sodium nitrate/nitrite
The term “cured” relative to processed meats is universally understood to mean the addition of sodium nitrate or sodium nitrite with salt and other meat ingredients for improved preservation. Although several ingredients – including sugar, spices and phosphates, among others – are typically included in most cured meats (including dry and semi-dry sausages), it is the addition of nitrate/nitrite in one form or another that results in the distinctive characteristics of cured meat.
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 sausage batter 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 meat. Currently, many North American processors use curing salt that is a combination of 6.25% sodium nitrite and 93.75% salt that is colored with a pink dye. This is done to more accurately weigh out and better distribute the small quantity of nitrite that is needed in the batch, as well as avoid confusion with common salt, which looks the same.
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.
A “cured” flavor, which is core to these types of products, is due to the sodium nitrite and cannot be reproduced with other ingredients.
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 (Figure 4.1).
Nitrite is also depleted from a sausage batter during storage, especially in the presence of air and at a low pH of 4.6-5.2 commonly found in a fermented product. Exposure of finished product to light in the presence of oxygen leads to a rapid oxidation of cured pigment and color fading. Good anaerobic (vacuum or modified atmosphere) packaging is essential to preserving the color of finished products.
Since sodium nitrite reacts quicker and less is required for color stabilization, it is widely used in place of sodium nitrate. The general pathway for stabilization of color is shown
Curing accelerators
The salts of ascorbic acid (such as vitamin C) and erythorbic acid (in the form of sodium erythorbate), which is the mirror image molecule, 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, as well as improve the efficiency of nitric oxide formation from nitrite in meat, which accelerates the curing reaction.
The antioxidant properties of sodium erythorbate not only help prevent development of rancidity, but they also delay color fading of sliced meats when exposed to light. If sodium erythorbate is present, the pigments are protected against breakdown of heme, the deep-red blood pigment that is rich with iron. As sodium erythorbate is depleted, the cured heme pigments (i.e. nitrosohemochrome) are degraded quickly and can catalyze lipid oxidation.
Sugar and sweeteners
Sweeteners (i.e. sucrose, dextrose, corn syrup, corn syrup solids) often are included in the formulation to provide flavor. Table 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 for all other sweeteners.
Dextrose (corn sugar), which is approximately 70% as sweet as sucrose, generally is 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 processed sausage batter is exposed to heat during preparation from carmelization.
Maillard Reaction is the reducing activity of dextrose, which means that considerable browning is likely in high-temperature cooking applications such as baking of pizzas containing pepperoni. Both sucrose and dextrose typically are used at levels ranging from 0.5% to 2% of the product formulation.
A sugar source is the food for the starter culture that allows it to thrive during the fermentation process. For fermented sausages, sugar is utilized by starter cultures to produce lactic acid, which lowers pH and characterizes the tangy flavor of this category of product. Most starter cultures require dextrose (corn sugar) to produce lactic acid although some can also thrive on table sugar (sucrose) or other carbohydrate sources. The degree of fermentation is often controlled by the amount of sugar added. Thus, mild Southern European-style products have lesser amounts added than the stronger, tangier Northern European sausages.
In the case of fermented sausage products, dextrose is used rather than sucrose because it is a simpler sugar (Figure 4.2) that the starter culture bacteria can more easily digest to produce the pH-reducing component. Typically, at least 0.375% (or 6 oz. per 100-pound meat block) is added for a mild fermentation to a ~pH5.2, while 0.75% (12 ounces per 100-pound of meat block) or more is used for more tangy, higher acid fermentations to ~pH 4.6.
Residual sugar left after fermentation also modulates the harshness of the salt. Other sweeteners available include corn syrup, corn syrup solids and sorbitol, the last of which is limited to a 2% use level. Those sugars are quite variable with dextrose equivalents used to express the reducing sugar content of the mixture and can be as low as 10 or 15 D.E. (dextrose equivalence).
Spices and flavorings
Spices and flavorings together with the fermentation give a particular product its distinctive or unique flavor profile. These spices and flavorings may either be topical or incorporated in meat batter so they are evenly dispersed throughout the interior of the product.
Topical spices may include ingredients such as black pepper or Italian (fennel, rosemary, thyme, etc.) seasoning. Soluble spice extracts and oils may include pepper, garlic, onion and liquid smoke. Paprika extracts are heavily used in pepperoni formulations to help provide both the distinctive color and flavor of that product.
Spices can also impact fermentation. Some spices and extracts, like cinnamon, cloves, cardamom and fennel, are relatively high in the mineral manganese, which is a beneficial growth factor for fermentation bacteria.
Antioxidants
Cured meat is generally well-protected from the oxidation of fat and the associated rancid flavors because the heme iron in cured meat is no longer a strong pro-oxidant and there is a reasonable residual nitrite level in the product. However, high salt levels due to concentration in the drying process are a strong pro-oxidant in combination with the acidic pH of dry and semi-dry sausages. Those salt levels can destabilize the cured pigment, allowing the release of pro-oxidant iron, so many dry sausages require additional antioxidants to protect flavor and color.
Synthetic antioxidants, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary butylhydroquinone (TBHQ) and propyl gallate (PG) are often found in products such as hard salami and pepperoni. They work as free radical scavengers to interrupt the initiation phases of fat oxidation. Limits for these materials in fermented and dried sausage are 0.003% or 30 parts per million (ppm) on total product weight for individual antioxidants, and 0.006% in total for a combination as specified in the code of federal regulations.
TBHQ cannot be used in any combination with propyl gallate. Tocopherols (vitamin E compounds) also may be used as ingredients for their antioxidant properties, but the regulatory limits are at 0.03% of the fat content of the product which is similar to their permitted use in other processed meats. In practice, tocopherols are not widely used.
Natural spice extracts can also be used for antioxidants, and rosemary extracts are the most commonly used. While maximum limits are not regulated, there are practical limits based on the flavor contribution. A typical specification for a rosemary extract would be enough to deliver 50 ppm of carnosic acid, which is the active antioxidant component.
Additionally, including metal chelators to bind pro-oxidant trace metal such as copper, nickel and free iron can enhance the effectiveness of antioxidants. Citric acid, sodium citrate or a synthetic compound, ethylenediaminetetraacetic acid (EDTA) serves this function.
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 substances used may be harmful to human health (Figure 4.3). The most widely established restricted ingredients for dry and semi-dry sausages are sodium nitrate, sodium nitrite, ascorbate and erythorbate, antioxidants like BHA, BHT, PG and tocopherols. 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. Natural spice extracts with antioxidant properties do not have regulatory limits.
Starter cultures
Originally, fermented sausages were produced in conditions that favored selective growth and sugar fermentation by desirable bacteria over spoilage organisms that are naturally present in the meat. Later developed the practice of “back-slopping” in which a portion of a prior fermented batch containing larger amounts of the desirable bacteria was added to the next batch to inoculate it in order to shorten the fermentation time and make the process more reproducible.
However, both of these methods still had less than desirable reliability. The next stage of technological development in the 1950s and 1960s involved identification and isolation of the specific desirable bacteria that grew in successful fermentations. That was followed by propagation and concentration of these organisms into commercial form to add to batches for consistency in quality and processing.
Starter cultures provide the desirable bacteria, which use the fermentable sugars in the formula to produce lactic acid, which lowers the pH for preservation and produces the characteristic tangy flavor of fermented sausages. They also produce other aroma flavor compounds during and after fermentation, which give the product its nuance and character. The characteristics of a good starter culture include salt and nitrite tolerance, growth in temperature ranges of 80°F-110°F/26.7°C-43.3°C, and non-proteolytic and non-lipolytic characteristics to avoid generation of off flavored by-products from the fermentation. They typically will be inactivated at temperatures between 135°F/57.2°C and 140°F/6°C.
Commercial starter cultures are composed of several species and strains designed for particular functions:
• Pediococcus acidilactici or pentosaceus- based starter cultures are very efficient and fast in producing lactic acid and enable shorter fermentation times in the 6 to 12-hour range and lower pH of around 4.6-4.8 and hence higher tanginess in finished products.
• Lactobacillus plantarum / curvatus / sakei are active at lower fermentation temperatures in the 80°F-100°F/26.6°C-37.8°C range and balance flavor and acid development.
• Staphylococcus and Micrococcus species are particularly used for very low temperature fermentations, such as 60°F-80°F/15.5°C-26.6°C and when nitrate is used instead of nitrite because they have very good nitrate reductase activity. They also help stabilize cured meat pigments via their production of other enzymes.
• Yeasts such as Debaromyces hansenii are occasionally used to initiate the fermentation process; however, their activity is limited to the ripening or drying phase of the manufacturing process. Yeasts have a high oxygen demand and hence they tend to grow on the outer surface of the product and will consume lactic acid as well as produce ammonia to increase pH. They also produce lipases and proteases, which are involved in flavor development. Thus, yeasts have very specialized applications.
Starter cultures come in a variety of forms including frozen concentrates, frozen pellets and freeze-dried powders. Because these are living microorganisms they must be handled very carefully, must be stored appropriately according to the manufacturer directions and used before the recommended expiration date. The quantity of starter culture needed is recommended by the manufacture and typically delivers around 1 to 2 million live organisms per gram of batter to start the fermentation process. More starter culture does not necessarily result in faster fermentation.
The addition of starter cultures to the product batter requires a process to “wake up” the concentrated bacteria by gently thawing and diluting them in distilled water in the case of frozen forms or carefully distributing the freeze-dried cultures during the last part of mixing a batch. It is important to not combine starter cultures directly with the spice blends, specifically salt, during the batching process because this may harm the bacteria.
Encapsulated acids/chemical acidulants
Encapsulated acids or chemical acidulants may be used to produce decreased pH products with similar eating qualities to fermented products. However, they may be perceived as being simply sour from the acid used, and the flavor profile of such products may be less developed than fermented counterparts unless there is special attention to the spice components. Most often these are used in manufacturing of summer sausages and snack stick products, which have little drying applied. Processors should be advised that the acid content of each particular encapsulated acid may vary, so following supplier usage recommendations is important. Specific acids such as citric, lactic, acetic, malic or their blends can be made in dry form and coated with a vegetable fat that has a melting point of 130°F-150°F/54.4°C-65.6°C. They then can be added to the sausage batter, and the fermentation step is skipped, resulting in a much faster manufacturing process.
It is important to add encapsulated acids at the very last part of mixing to minimize shearing that can break the capsules open and result in premature release of acid. Thus, this form of acidulation typically has a grind-grind-mix-stuff sequence for batter preparation as compared to the grind-grind-mix-stuff sequence used with starter cultures. During the thermal process the fat coating melts and the acid is released to achieve a pH target. Because the amount of acid delivered can be exactly premeasured, the product pH can have less variation than with fermentation. Other benefits include other manufacturing flexibility and longer storage life of encapsulated acid versus starter culture.
A non-encapsulated ingredient also may be used to achieve chemical acidulation. This is glucono delta lactone, abbreviated “GDL.” When mixed with water, GDL slowly releases gluconic acid to lower the pH of the batter. Thus, it is important to stuff batter prepared with GDL quickly to avoid texture and stability problems.
Generally products of this category are manufactured with either a fermentation process or chemical acidulants, but not both together.
Mold
Although mold on the surface of processed meats is usually undesirable, for some types of dry and semi-dry sausages it is part of the character of the product. Southern and Eastern European varieties are often deliberately inoculated with a safe edible mold culture when placed in drying chambers. This is accomplished by dipping the fermented sausage in a suspension of penicillium sp. mold spores. The mold grows readily to form a white coating on the outside of the product. The mold growth provides many benefits such as controlling the drying rate to minimize case hardening and protecting against rancidity and discoloration on the surface of the product.
Green-colored mold that can develop on the surface of products while drying is undesirable and can be caused by combinations of excessively high environmental mold spore incidence, humidity and low air movement during the drying cycle of manufacturing. It can be very difficult to eradicate because of the ubiquitous nature of environmental mold spore occurrence. It is managed by wiping the surface of the sausages with a 2%-4% vinegar solution at removal from the drying chambers.
Molded products found in the market are a sub-specialty; most dry and semi-dry sausages do not have mold applied.
Dry and semi-dry sausages utilize ingredients common to all processed meats in addition to a few specialized ingredients, making for a diverse offering that makes this product category unique among all others. These ingredients – both essential and value-added – provide numerous opportunities to create safe, high-quality products.
Starter cultures and fermentable sugar or chemical acidulants allow processors to achieve the low pH and tangy flavor characteristic of these products; the water, salt, curing ingredients and spices/ flavorings must be carefully used to optimally support fermentation or chemical acidulation during processing; and the pH of finished products also plays a role in fat oxidation.
Grinding, chopping and mixing
Dry and semi-dry sausages are set apart from many other commercialized products by focusing on the best quality raw materials, following age-old recipes and manufacturing practices, and by following appropriate processes (e.g. fermenting and drying/ripening) to get the product just right.
Often, the nuances and characteristics of specialty dry and semi-dry sausage products are the result of mentorship and training by processors that pass down both the science and art of making fine sausage batters from generation to generation.
Equipment
Properly designed and maintained equipment is extremely important for dry sausage success.
Using equipment designed to handle fragile batters is key. Since high-fat formulations with significantly less protein extraction than most other products are the norm for dry sausages, any batter disruption or fat abuse may magnify a problem in the final product.
Any fat smearing occurring during chopping, grinding and mixing will either cause or contribute to problems later in the process. If a large amount of fat smearing occurs during the grinding operation, that event alone may cause significant processing problems such as greasing out during cooking or inability for the product to dry. If a small, yet noticeable, amount of fat smearing occurs during the grinding operation, that can provide a cascade effect; any additional minor fat smearing occurrences during later manufacturing steps (such as mixing and stuffing) will cause the same problems in an additive nature with the potential to lead to process failure. As a result, control of fat smearing at each step of the process is critical – and equipment must be operated with a narrow margin of parameters to minimize this occurrence.
All equipment must be evaluated for its ability to minimize negative quality changes – specifically fat “abuse.” Discussions on optimizing equipment to control quality may focus on knife sharpness and plates or the differences between ribbon and paddle mixers, but processors should not forget to consider the differences between belts and auger conveyors or diameter compared to the length of stuffing horns. Visible fat buildup on equipment is a sign of excessive smearing.
Bowl choppers
Bowl choppers (also known as silent cutters) are the conventional pieces of equipment in dry and semi-dry sausage processing. However, due to efficiency and product uniformity, grinding systems have predominantly replaced bowl choppers in the United States.
In many parts of the world, though, bowl choppers remain the equipment of choice. Bowl choppers excel at minimizing protein extraction and providing clean cuts and distinctive meat/fat particles due to the “dicing” action of the bowl chopper knives. By the nature of their design, bowl choppers provide a dicing and mixing action simultaneously, resulting in less overall stress on the meat batter. However, bowl chopper systems depend highly on the operator to minimize variation between batches and offer no bone-elimination system.
Grinders
Grinding systems are the norm for today’s dry and semi-dry sausage manufacturers, and they provide several benefits including speed and improved uniformity (as long as the equipment is maintained through consistently sharp knives and plates) of the batter and finished product.
Their ability to remove operator-induced variation and to provide a means to remove bones and hard cartilage also gives them advantages over bowl chopper systems.
Mixers
Mixers come in many configurations, shapes and sizes, and all are used for the same function: mixing raw materials and a meat batter to provide uniform distribution of raw materials and non-meat ingredients. Several configurations can be used (e.g. paddle, ribbon and dual-action).
Since dry and semi-dry sausage batters are typically firm or “tight” due to the addition of very little water, paddle mixers are generally the most effective. They provide a better mixing or “folding” action and less “rolling” or “barreling” effect that can exist in “tighter” batters when using ribbon mixers.
Temperature control
Dry and semi-dry sausage manufacturers don’t prevent fat smearing; they limit it. Those able to successfully limit fat smearing are typically the ones that have the fewest fat-related quality problems. Perhaps one of the greatest factors dry sausage manufactures can control is product temperature. But that requires discipline; the starting quality of the raw materials plays an important role in just how much limiting can effectively take place.
Additionally, nearly all downstream processes involving heat generation from mechanical actions or from thermal processes will not contribute to fat quality in a positive way. One approach to address fat “abuse” is to start with frozen raw materials. Many processors use a frozen portion of the meat block to provide temperature control.
However, care must be taken with this approach, as other problems such as fat rancidity and loss of protein functionality may occur. In addition, cold temperature processing – 20°F to 25°F/-6.7°C to -3.9°C – can be especially hard on processing equipment, as it causes additional strain on motors and related parts, such as bearings, which may not be designed for the additional stresses placed on them by extremely cold meat batters. Due to the higher cost associated with using these raw materials, carbon dioxide (CO2) snow or flakes may be used to control temperatures during manufacturing.
Particle reduction
As mentioned previously, the definition of meat and fat particles is extremely important for salami. Particle reduction is essential to produce high-quality products as well as to distinguish different types of products. Hard salamis are typically finely ground, while other more traditional products such as Soppressata are typically more coarsely ground.
Particle reduction can easily be accomplished with a bowl cutter or a grinder system. Generally, the smaller the grind size, the more care is needed in controlling particle smearing due to the increased pressures placed on the meat system associated with achieving smaller final particles.
Note, though, that when raw material quality (such as softness of pork fat) changes, this adds to the challenges and level of care needed to achieve the same results.
Bowl cutters are still desired if particle definition needs to be very small (1/8-5/32 inches) because they can better handle the stresses of the manufacturing system imposed by what is needed to achieve small particles and the impact other factors might have on this. However, grinder systems are still able to achieve acceptable results and possibly some process modifications (such as the use of frozen raw materials and a strict knife/plate replacement/sharpening schedule).
If particle distinction is less important and grind sizes are greater than 1/8 inch, a grinder can work very well.
If the desired final particle distinction is important or the final required size is small (such as 1/8 inch), a bowl cutter or chopper is recommended. Keep in mind that a bowl cutter should be filled no more than 40%-50% capacity to make sure meat and fat will flow properly. Overloading a bowl chopper will cause product compaction and raise the meat mix temperature too quickly, raising the likelihood of fat smearing.
Using a bowl cutter:
1. When using a bowl cutter, frozen fat trimmings (5°F to 30°F/-15.0°C to -1.1°C, depending on the fat source and product type) are added first to obtain a coarse particle (0.5 to 1.5 inches, depending on the product). At this point the starter culture and sodium nitrite are added to allow proper distribution.
2. Lean, semi-frozen or fresh trimmings (32°F to 35°F/0°C to 1.6°C) are then added followed by all other non-meat ingredients except salt.
3. The mix is cut until the desired final particle size is nearly achieved.
Salt is then added and chopping is continued so the salt is mixed in evenly and the final desired particle size is reached.
Final batter temperatures are typically between 25°F and 30°F/-3.9°C and -1.1°C but can range much lower and higher, again depending on the product being made.
The grinding process:
1. When using a grinder, the meat is first coarsely ground using a half-inch to one-inch plate.
2. The ground meat is placed in a mixer, and ingredients are added and mixed just enough to incorporate them.
3. A second grind is required using a 1/8-3/8-inch plate (most products are between 1/8 inch and 3/16 inch). Because of the discontinuous process, mixing times can occur for up to 6 minutes to achieve uniform distribution of meat and ingredient ingredients while also providing a small amount of protein extraction. Grinding results can be improved by adhering to a few rules for grinders:
a. Sharp knives/plates are critical and should be periodically checked and replaced on a strict schedule.
b. As the grind size is reduced, this changes the dynamics of the ensuing meat and fat particles. Smaller grind sizes equal greater surface area – and thus increased possibility for smearing. Smaller grind sizes result in increased pressure on the particles due to smaller plate holes.
c. Match grinder speeds accordingly. Many grinders for dry and semi-dry sausages operate at slower speeds to minimize induced pressures and other related problems.
If chopping, grinding and mixing is performed adequately, downstream processes likely will be much more successful. Manufacturing product performance (fermenting, cooking and drying) will show better results.
Fat smearing will affect cooking by creating an unstable meat mixture and the inability for the fat to be held in place with subsequent fat separating. Fat smearing also affects drying. That includes both the fat smearing on the outside of the sausage (during stuffing) and fat smearing on the inside (such as during grinding and mixing). Greasing or surface dehydration caused from thermal processing also will slow drying.
These events all are controllable and can be traced back to proper chopping, grinding and mixing.
Stuffing
The development of vacuum filling machines has made it possible to fulfill both the technical and the quality-related requirements for higher volume production of dry and semi-dry sausage products. There are many types of vacuum filling technologies commercially available for the meat industry, depending on the type of sausage batters to be transported. Generally speaking, vacuum fillers can be equipped with various different feed systems.
However, in principle, the basic machine structure, with a hopper, vacuum system, feeding device, machine base, lifting device, control system, is somewhat similar. Vacuum filling technologies include piston pump technology, double screw pump technology, rotary gear pump technology and rotary vane cell pump technology. Depending on the application, each type of feed system has advantages and disadvantages. These all function on a volumetric feed principle, which means that a certain weight is defined via a specified volume. All technologies have specific characteristics for transporting product from the holding reservoir (i.e. the hopper) to the outlet (i.e. the nozzle of the vacuum filler).
With all these systems, one common point is that transportation is achieved via volume expulsion under a vacuum. The terminology “vacuum stuffing” should be qualified with some general description. Vacuum stuffers have been available to the meat industry for many years. To some processors, the term “vacuum stuffer” is thought to mean that air will be removed from the meat throughout the filling process. On the contrary, the key element of a vacuum filler is the vacuum filling principle. The sausage batter is fed into the feed system mechanically via a hopper with an actively driven feeding auger, as well as via vertical vacuum suction or with the aid of a vacuum. The pressure difference relative to the ambient pressure (under pressure) caused by the evacuation ensures that the feed system is filled with product. The feed system moves continuously, thus generating a continuous filling flow. Due to the fact that the sausage batter is drawn into the transport system via a vacuum, it is commonly referred to as a “vacuum stuffer” or a “vacuum filler.” The main function of a vacuum filler is therefore not primarily to evacuate the air from the sausage batter, but to ensure optimum feeding of the product into the meat pump.
Video 4.1 (Watch online here)
While the evacuation of air from the sausage batter is not the objective of a vacuum stuffer, the positive side effect of a vacuum stuffer is that the air quantity can be reduced by a maximum rate 3%-4% (depending on the consistency and initial air content of the sausage batter).
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 (smoked/cooked sausage product). 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 more controlled throughout processing and the initial air content is 7%-10%, the final product has even less air content. Conservatively, 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 or air bubbles are generally so small and well distributed that the product is typically considered to be well evacuated.
An auger and counter-auger system assist in the feeding of the product into the transport/ conveying system. Due to the geometry of both augers and the parallel rotation movement, the sausage batter is moved vertically in the direction of the conveying system. The hopper scraper also enhances the feeding of the sausage batter. The counter auger works with the auger to feed the sausage batter into the conveying system (i.e. vane cell, double-screws, piston).
The required feed intensity depends on the viscosity of the product being filled. Less active feed is needed with low-viscosity product (e.g. frankfurter emulsion batter) in comparison to high-viscosity product (e.g. dry sausage batter). There are a variety of combinations or versions of scrapers, augers and counter augers available that are involved in the conveying process to match the application (e.g. emulsion sausage, coarse sausage and dry sausage).
The vane cell feed system mainly consists of a rigid pump housing with attached side plate that is fixed to the pivoting hopper and a removable rotor with pump vanes and cam. Depending on the machine size and the application for the meat processors, there are different sizes of vane cell feed systems with parts with appropriate dimensions. The driven rotor with an appropriate number of slots is located in the pump housing, in which pump vanes form cells with defined volumes when the machine is closed, supported by the cam. Induced by servo-driven technology, the rotor movement is activated and the cells move in the direction of the vane cell feed system outlet and therefore ensure that a defined product flow is achieved. The product is portioned by means of cyclic movements of the feed system. Each cell of the feed system has a particular volume. The portion is defined by the rotation distance of the rotor. The portioning volume is therefore set in the control system by multiplying the rotor’s rotation distance by the number of the feed system cells within it. The portion weight must be determined in the control system via the portion volume parameter with the aid of scales. The weight accuracy of a feed system is partially dependent upon the production precision of the parts and their degree of wear.
Example of vane cell technology with 12 vanes.
Source: Handtmann Maschinenfabrik
In recent years, true vacuumized stuffing systems have been developed for dry and semi-dry sausage production (e.g. salami and summer sausage). Many processors of high-quality dry and semi-dry sausage products have chosen to utilize high-vacuum technology, which provides an opportunity to further control the amount of air in the final product. Traditionally, during the production of these products, air is unintentionally incorporated into the meat batter during grinding and mixing. Unless mixing is to done under vacuum, processors must have a means to remove the air prior to stuffing the product into casings.
High-vacuum technology adds a whole new dimension in regard to performance, product quality and economic efficiency. This is another technology that is different from conventional vacuum fillers because it provides the ability to continually load the vacuum filler hopper. The floor reservoir is attached to the vacuum filler hopper with a suction pipe.
The vacuum filler hopper vacuum guarantees the supply of sausage batter into the filling hopper and provides an external filling tube vacuum. With the assistance of the pressure difference between the vacuum filler hopper and the environment, the sausage batter is transported into the filling hopper from the reservoir ground hopper via the inlet valve. This pressure difference is generated by the vacuum filler hopper vacuum system and the vacuum filler hopper is filled automatically via a filling level sensor. The continuously controlled inlet valve ensures the vacuum filler is filled uniformly and carefully. When open, the valve head forms a gap opposite the intake fitting. The width of the gap is set on the control unit depending on the product (e.g. small gap for smaller uniform meats such as semi-dry sausage batter versus a large gap for whole cuts of muscle). The selection of the gap width has a direct impact on the quality of the evacuation and how intensely the meat is cut into pieces. The filling level sensor is in the hopper lid. The filling level is continuously measured by means of a laser. This is a completely closed system, which minimizes the potential of air being introduced into the product.
The feed into the meat pump is supplied via the meat pump vacuum system supported by a servo-driven feed screw and auger. Technology is available for the feed screw to assist “small pieces,” which increases the weight precision of the final product. On the other hand, there is also another feed screw available for “large pieces,” which conveys the sausage batter more gently. The double feeding auger increases the weight precision of the final product if portion control of the final product is a requirement.
Research has shown that cooked sausages produced with high-vacuum filling systems have increased reddening after a reduction in the residual air, as less metmyoglobin and metmyochromogen is formed. Furthermore, it has been claimed that using a high vacuum has a positive effect on fat stabilization, as there is more protein available for encapsulating the fat particles, thus giving a certain amount of protection against oxidation reactions.
From the results of the residual air content measurements, it was concluded that the filling process under high vacuum had a positive effect on product quality with respect to the reduction of air pockets. Firmness measurements supported the theory that high vacuum technology compresses the dry sausage product more intensively, which virtually eliminated air pockets and increased the firmness of the dry sausages according to current research. Dry sausage produced under high vacuum was determined to have a clear, appealing product appearance and it was rated by a sensory panel as having a slightly coarser grain size than the control product (i.e. dry sausage produced utilizing non-high vacuum filling technology).
Some processors of dry and semi-dry sausage products relate this increased compression/firmness of the sausage to the production of a sausage that is much more dense. This increased density also is related to decreased casing usage, as well as increased capacity within the drying rooms. Essentially, the same amount of product can be produced in less physical space because it is more dense.
Depending on the product, processors should determine the correct vacuum filling technology, meat pump, rotor and vane configuration that best match the application. A standard rotor provides the utmost weight precision when configured with the full number of vanes. Processors also should include a metal detection system within the production system to avoid potential metal contamination of the product.
Traditionally, the sausage batter of dry and semi-dry sausage products is stuffed at extremely cold temperatures (e.g. 25°F to 30°F/-3.9°C to -1.1°C) to maintain the particle definition of the final product. With a product such as pepperoni, the sausage batter temperature may be colder (e.g. 20°F to 25°F/-6.7°C to -3.9°C). These colder temperatures are needed to reduce protein extraction of the sausage batter. Decreased protein extraction assists processors in avoiding the production of pepperoni product that will curl and/or cup during the high-temperature cooking of American-style pizza. Also, if in-line grinding is used, processors should expect a minimal temperature rise (i.e. 1°F to 2°F/-17.2°C to -16.7°C) throughout the process.
These colder temperatures may require a vacuum filler with increased pump pressure. Therefore, processors should consult with capital equipment suppliers of vacuum fillers to determine the best technology that suits the application.
During the stuffing process, the casing must be able to withstand the forces of stuffing and closure (i.e. clipping). Casing diameter and linear stuffing speed are the main control variables for the sausage batter flow during the stuffing operation. Sometimes, especially at higher stuffing pressures, the fat may be smeared along the stuffing nozzle and along the inside surface of the casings. This will negatively affect dry capabilities of the sausage, as well as reduce the eye appeal of the exterior of the sausage products. This is why stuffing speed and sausage batter temperature must be closely controlled. Without the use of high-vacuum filling technology, there is a potential for air in the sausage batter to cause air pockets/ voids that will clearly be visible in the finished product. This causes non-uniformity of the product as well as potentially increased oxidation of myoglobin and fats and other undesired quality defects.
Stuffing pressure is transmitted undiminished (following Pascal’s Law) to every portion and each direction into the sausage casing. Viscosity is the deciding factor influencing the speed and character of the sausage batter flow through the stuffing nozzle and casing. Viscosity is the internal friction in which viscous forces oppose the motion of one particle relative to another. As previously described, low-viscosity product (e.g. frankfurter emulsion batter) flows easier in comparison to high-viscosity product (e.g. dry sausage batter).
The linear speed at which the sausage batter moves as it is filled and the diameter of the casing are two variables controlling the quantity of sausage batter in each increment of the filled sausage. High-viscosity sausage batter, such as a stiff dry and semi-dry sausage batter, clings to the internal surface of the casing. During stuffing, all structural elements of the sausage batter move along straight lines parallel to the axis of the stuffing nozzle and casing (Figure 4.4).
In laminar flow, there is a parabolic profile of velocity within a nozzle and/or casing in which the velocities of individual meat batter layers are non-uniform with the minimum velocity found at the sausage periphery and the highest velocity at the center of the sausage (Figure 4.5).
The parabolic profile develops because the layer of sausage batter adjacent to the stuffing nozzle or casing adheres to the casing wall and does not move. The next layer of batter (toward the center of the sausage) moves slightly faster. Each layer of the sausage batter toward the center of the sausage moves faster, with less adherence to the adjacent sausage batter layers. Thus, the velocity of the flow at the casing wall is zero and the velocity at the center of the sausage is at its maximum.
Laminar sausage batter flow (see “Definitions”) conforms to this orderly parabolic profile. The consequence of the varying velocities is frictional forces acting between the individual sausage batter elements. Low-viscosity sausage batter warrants a faster distribution of product within the casing.
Definitions
Laminar flow: In fluid dynamics, laminar flow occurs when a sausage batter fluid flows in parallel layers, with no disruption between the layers. At low velocities, the product tends to flow without lateral mixing, and adjacent layers slide past one another like playing cards. There are no cross-currents perpendicular to the direction of flow or swirls. In laminar flow, the motion of the particles of the product is very orderly with all particles moving in straight lines parallel to the pipe walls.
Parabolic profile: This is the phenomenon that creates the curved profile of the sausage batter as it exists the pipe and describes how certain products don’t flow at the same rate.
Modern vacuum filling technologies allow for the adjustment of stuffing pressure during the filling process. High-viscosity sausage batter (i.e. dry and semi-dry sasuage batters) are normally stuffed at relatively high pressures. Sausages must be stuffed to the recommended casing capacity. Processing problems are associated with over-stuffing and under-stuffing casings. Over-stuffing sauage casings lead to finished product caliber deviations, wrinkling, peeling complications and elongated sausage ends. Under-stuffing sasuage casings lead to lack of firmness of the sausage, wrinkles, potetnial development of fat packets and deviations in dry times.
Casings
Casings have been utilized throughout the years in the production of sausage and processed sausage batters. Casings have been referred to as the oldest form of packaging materials for sausage. Casings determine the final size and shape of the sausage product. Casings serve as processing molds, containers during handling and shipping and as merchandising units for display.
The casing is an integral part of the sausage product, separating it from the surrounding environment and providing unique functional properties. The function of the sausage casing begins at the moment of stuffing. The casing plays a role in the volumetric, structural and chemical changes that occur in the sausage through the processing procedures (Figure 4.6).
So the function of casings are not only to protect the sausage integrity and provide sausages a desired shape and size, but also to assist in the conversion of the meat batter into the final desired sausage product.
The most essential functional properties of casings remain their permeability of water vapor and gas, also referred to as barrier properties (i.e. moisture vapor transmission, gas transmission, aroma transmission) (Figure 4.7, 4.8). The degree of casing permeability regulates passage into and out of the sausage, thereby controlling the development of desired processes.
The mechanical properties of sausage casings are another basic casing function, which determine major physical features of the final sausage products (i.e. size, shape, appearance, structural integrity).
Permeability or barrier properties of casings refer to the movement of substances through these materials. During the production of dry and semi-dry sausage, the transmission of water out of the sausage product is essential.
Definitions
Capillary flow phenomena: This is the ability of a liquid to flow in narrow spaces without the assistance of, and in opposition to, external forces like gravity.
Diffusional flow phenomena: This is the net movement of a substance (e.g. a liquid such as water) from a region of high concentration to a region of low concentration.
The reduction of sausage moisture content during the drying process occurs through radial outward motion of water (i.e. away from the sausage center and toward the surface of the casing). During the early phase of a sausage drying, the capillary flow phenomena, while the later drying phases are controlled through diffusional phenomena.
Optimally, the rate of moisture removal from the sausage surface should equal the rate of interior moisture migration toward the outside boundary of the sausage. Casings have a role in regulating the amount of water that is removed from the sausage. In some instance, they prevent water loss (e.g. the use of cellulose casings used in the production of frankfurters). In some applications, they control the water loss (e.g. the use of collagen casings used in the production of smoked sausage). On the other hand, other casings are used for controlling a suitable rate of dehydration (e.g. casings used in the production of dry and semi-dry sausage products). The transfer of moisture from the sausage is a two-step process involving transport of water through the sausage surface and evaporation of the transported water from the surface exterior (Figure 4.9).
The science of sausage drying is a complex relationship between the casings used, the properties of the sausage batter and the ambient conditions. The evaporation of water from the sausage surface is invariably linked with the corresponding flow of heat, relative humidity and airflow within the oven and/or drying chamber.
Sausages must be stuffed to the recommended casing capacity to avoid wrinkles and formation of jelly pockets. Conversely, overstuffing sausages also leads to problems (e.g. casing removal, caliber deviations, wrinkling or elongated sausage ends). The correct closure (i.e. clipping) also is important. The mechanical strength of a casing includes stretchability (extensibility), elasticity, shrinkability, toughness and the likelihood of a casing to burst.
There are a variety of casings available to the meat industry. It is essential to select the casing that completely corresponds to the overall requirements of the type of sausage being produced. It is not possible to produce an all-purpose casing suited to all types or groups of sausages. Different casings will have different properties, each appropriate for a particular type of sausage and processing procedures. Casings used in the production of dry and semi-dry sausage production include natural animal casings, collagen casings and fibrous casings. In some instances, cloth bags are still used in the production of unique semi-dry sausages (e.g. Lebanon bologna). Sausage casings have evolved from old world innovation and applied to today’s high-paced processed sausage batter.
Natural casings come from the gastrointestinal tract of animals. Natural casings (Figure 4.10, 4.11) are made from the submucosa, a largely collagen layer of the intestine. The fat and the inner mucosa lining are removed. Natural casings have the advantages of traditional appearance, traditional texture and cooking performance that is expected of dry and semi-dry sausage products. A few disadvantages are noted as decreased machinability, reduced uniform weight or length and cost. Natural casings used in the production of dry and semi-dry sausage products are produced from the intestines of cattle and hogs.
The three most widely used natural beef casings are: beef bung caps, beef rounds and beef middles.
Beef casings come in a variety of sizes depending on which type is used (e.g. bung caps, rounds or middles). Beef bung caps are used for large diameter sausage such as bologna and salami.
Beef casings come in a variety of sizes depending on which type is used (e.g. bung caps, rounds or middles).
Source: International Natural Sausage Casing Association
Beef rounds have the characteristic ring or round shape that are used in the production of ring bologna and polish sausage. Beef middles can be sewn so that the final product will have a uniform diameter and uniform length. Beef bladders can also be used in the production of large diameter sausages such as specialty sausage (e.g. souse or head cheese). Bladders are the largest diameter of casings from cattle and are oval in shape.
Natural pork casings are used for smaller diameter (30-44 mm) sausages. These casings can be used for fresh sausage, fully cooked smoked sausage, as well as dry and semi-dry sausage (e.g. pepperoni). Larger diameter natural hog casings (e.g. 50-54 mm) also may be sourced by processed meat companies for the production of dry salami. After cleaning hog casings are measured/sized to ensure a more uniform size and shape and achieve uniform portion control of the final product. The casings may be trimmed to be sold as “whisker free,” which increases the consumer eye appeal and are slightly easier to link without casing breakage. They are transparent so that the consumer can see the particle definition of the meat and the ingredients used in the sausage. Regular hog bungs are also sold as individual pieces and are used primarily for liver sausage and braunschweiger.
Natural pork casings are used for smaller diameter (30-44 mm) sausages.
Source: International Natural Sausage Casing Association
The large diameter beef and hog casings can be split and sewn together to provide uniform diameter and particular shape to the finished product. The sewn casings are available in double-walled and single-walled varieties to obtain a larger, more uniform finished product. For example, hog bungs can be combined with beef middles and used in the production of Genoa salami. Sewn casings are suitable for long drying and long cold smoking sausage procedures. Therefore, sewn hog bungs are recommended for dry sausages (e.g. salami cervelats). Sewn beef fat ends are used for other dry sausages (e.g. hard salami, hard cervelats and Genoa salami). The development of high-speed meat processing technology (i.e. vacuum fillers, clippers) provided a stimulus for the casing industry to develop new alternative types of casings from natural and man-made materials.
Regenerated collagen casings have many of the physical properties of animal casings (Figure 4.12). Collagen casings are being used to simulate natural animal casings. Collagen casings are essentially produced from the same material “chemically” as natural casings, this material being collagen. The collagen originates from the corium layer of the hide of beef animals.
The corium is extracted with alkaline solution to remove the soluble components and washed with potable water. The collagen is then swollen with acid to give a viscous mass of acid collagen that is pushed through an annular die to form a tube. The tube is fixed by moving it through an alkaline bath, and the neutralized collagen returns to its original state. The tube is dried and cut to size. The casings can be shirred into sticks/slugs for faster production. A perfect example of shirred collagen casings is the casing that is commonly used in the production of U.S. meat snack sticks, a semi-dry sausage product.
The advantages of utilizing collagen casings relates to the availability of these casings in a variety of sizes. The collagen casings work well when machine handled because they can produced uniform diameters to reduce the “give-away” of sausage, which in turn affects final profits. Collagen casings are edible which means that the sausages do not need to be peeled after thermal processing.
Collagen casings are available in a variety of sizes. Collagen casings range from the small-diameter edible varieties (i.e. 13-22 mm) used for such items as fresh pork sausages, meat snack sticks, landjaeger, smoked sausages or frankfurters up to larger-diameter (>80 mm) casings used to produce a variety of cooked, dry and semi-dry sausages.
Many of the collagen casings available simulate animal casings. Some collagen casings are designed to have curves that mimic the curves of natural casings. Collagen casings have also been produced with built-in string to give an “old world” appearance to the finished product. Collagen casings lend themselves to machine handling because they can be produced with uniform sizes.
Fibrous casings, also known as large diameter cellulose casings, are made by impregnating a strong paper-like material with cellulose fibers. Fibrous casings have good machinability and uniformity, which adapts well to high-speed operations. Fibrous casings are manufactured in such a manner that they adhere to the sausage surface, which is important in the production of dry and semi-dry sausage. A high water vapor permeability of fibrous casings warrants a gradual uniform moisture release. There are a variety of fibrous casing sizes which give processed meat companies a great number of choices to fit market preferences.
Peelability, adhesion and shrinkability of fibrous casings can be tailored by special treatments and smokehouse schedules. Easy release fibrous casings are peeled readily from the sausage without disrupting the sausage surface. While fibrous casings lack the bright luster of cellulose casings, they can be well printed and give usually a quite attractive sausage appearance.
Fibrous casings can also be purchased with an internal protein coating. The proteinaceous coating material is prepared from cattle or hog connective tissues (i.e. hides, cartilages, tendons, ligaments). The gas and water vapor permeability of these casings are often optimal due to the swelling of the collagen layer. The casings are “respiration-active” and are particularly suitable for dry and semi-dry sausages, whose sausage batter is coarsely ground and relatively dry.
Both collagen and fibrous casings can be “pre-stuck” – a process in which the entire casing is punctured with small holes, which helps the surface air to escape and allows the casing to be more water vapor-permeable. This transmission of moisture speeds moisture loss without separation from the sausage surface. Also, it provides a more complete drainage for any water and fat pockets from the sausage surface, which also aid in enhanced smoke penetration.
There also are a variety of ornamental fibrous casings available to the processed meat industry. These casings are sewn into specific shapes to allow processors to produce uniquely shaped products. Common ornamental fibrous casings are available in the form of baseball bats, footballs, beer bottles, pigs and cows.
A variety of specialty type casings are available to processors of dry and semi-dry sausage products. One company offers casings with a thin collagen film combined with a fine silk tube. The silk provides strength to the casings, required in the process of stuffing and other sausage making operations. The thin collagen layer (due to its smoking and water vapor permeability) enables salami smoking and air-drying. Furthermore, the casings are available in a variety of patterns that have a particularly unique appearance that is visually appealing to the consumer.
In recent years, spice-coated casings are becoming more readily available to the processed meat industry. The spice range also has grown over the years, now making a variety of more than 100 standard spices available in the casing. Prior to the availability of spice-coated casings, processors were left with primitive coating methods such as the removal of the traditional casing, dipping the sausage in a gelatin dispersion and coating the sausage surface with the selected spice blend. This methodology raises food safety concerns. Therefore, the spice-coated casing utilizes sterilized spice blends (as is typically used in the production of sausage) and the product goes through other food safety parameters to ensure the production of a safe processed sausage batter. The casing is then easily peeled off from the finished sausage, and the spice layer remains fixed on the surface of the product. Since the spice particles are deeply embedded in the surface of the sausage, sausages can be sliced without removing the spices.
In 2001, the Food Safety and Inspection Service (FSIS) published the final rule regarding the labeling of sausage casings in the Federal Register (9 CFR §317 and §381). A subsequent notice was released one year later to clarify the final rule by publishing a list of frequently asked questions and answers regarding the new regulations concerning the use of natural or regenerated collagen sausage casings.
The notice states that collagen casings on sausage products need to be identified on the label if the collagen is derived from a species other than that which is in the product or if the source of the collagen is unknown. This final rule also applies to sausage-like products (i.e. meat sticks), co-extrusion technology, as well as natural casings.
If the type of casing is placed on the ingredient statement, it does not have to be in the proper order of predominance. The type of casing may be placed at the end of the ingredient statement. For example, the statement may read “packed in sheep casing,” “encased in collagen casing,” “in hog casing,” or “formed in collagen casings.” The reasoning behind the new labeling protocol is to notify the consumer of species content in the sausage product (i.e. beef sausage stuffed in natural hog casings).
Although casings have been utilized in the production of dry and semi-dry sausage products for many years, each casing has various properties that need to be understood prior to manufacturing. Prior to processing sausage batter, processors should accumulate as much information as possible concerning the casing being utilized. Furthermore, they should be in contact with casing suppliers and distributors for specific information regarding the casings that have been chosen.
Clipping
The casing and clips must work together to maintain diameter and prevent damage during the hanging process (Figures 4.13, 4.14). There are three types of casings – each of which requires a slightly different approach when clipping the product.
Processors should match the clip, the product and the casing before production begins. Since both the product and the process differs, even slightly, that matching process may take some experimenting. It can be beneficial to test batches of the same product with varying casings and clips in the smokehouse to measure performance.
Dry sausage
Natural casings from 38 mm to 46 mm are typically used with sausages produced in rings or halfrings. Although the product can be run on several types of dedicated automatic or semi-automatic equipment, the most popular method is with bench model clippers because the operator has more control over the filled casing. When using automatic equipment only graded and sized casings should be used to ensure that the machine sizes and clips consistently. This also helps to keep a uniform size across production lots.
Collagen casings are easier to automatically clip. Their size typically ranges from 38 mm to 100 mm in diameter, and green weights are typically less than 9 pounds. They are weaker than fibrous or plastic casings, and a heavier product such as an 8-pound salami is likely to tear away if it is hanging with a collagen casing. One solution is to crimp the product before clipping to provide a better grip, but the most sensible solution is to match the clip, product and casing before production. That will take some experimentation, since every product – and production process – is different. The easiest way is to test batches of the same product with varying casings and clips in the smokehouse to measure performance.
Additionally, the heavier weights are usually netted for drying; lighter weights do not require any netting. These casings are usually soaked in cool or cold water with high salt content – ideally as much salt as the water will absorb (typically about 8% of the solution). Some sausage makers prefer to allow some undissolved salt at the bottom of the tub to ensure more transparency in the casing – and as a result better clipability. One reason that casings lose their clipability is over-soaking. Following recommended storage procedures will stop the casing from becoming too brittle prior to use.
Fibrous casings are by far the easiest to run since they are stronger, easier to size and can hang more weight than other casings. They allow sausage makers to hang up to 15 pounds without netting the product when running shirred casing and to approximately 25 pounds when using pre-tied casings. The soaking procedure for shirred casings is at least 45 minutes in hot water. When clipping shirred fibrous casings it’s important to make sure the clip is as tight as possible without damaging the casing under it. This may be accomplished by removing some clips from the casing and inspecting them periodically – at least at startup on the stuffing table and then hourly. The fully soaked casings will be thicker than pre-moisturized, but both will lose moisture during incubation and drying. Driven largely by economic factors that result in shorter drying times (and therefore more product changes throughout the year), commercial drying techniques are much more aggressive in the United States than in Europe. Expansion during the first 24 hours is a larger problem with the shorter, more aggressive curing; additionally, the desire to overstuff the casing to reduce wrinkling makes hanging heavier products a challenge. During the past three decades, fibrous casings have become thinner and more sensitive, due to industry pressure to keep costs down. The need to keep product affordable has resulted in shorter processing times and the desire to maximize drying room capacity, placing greater demands on sizing and clipping equipment.
Due to the lighter weights and shorter cure times semi-dry products are much easier to run
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Processors need to be diligent about stuffed diameters and clip tensions to minimize drops or splits. To ensure consistent diameters and clip tension, it’s best to monitor clip dimensions on the casing with calipers or “go/no-go” gauges. Operators also should perform pull tests hourly using a digital fish scale or similar device. It is recommended that they carefully remove the clip from a filled casing and inspect under the clip for damage; when using sheared casings, the tails should be the same length when filled as they are when cycled without product. The need to increase frequency increases as processors further push the limits: When using pre-tied casings the clip typically slips about 4 millimeters during processing without causing a problem, but some small-diameter products may “grease out” if the clip slips too far.
“Butt-to-butt” closures are used with natural casings.
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V-shaped “wraparound” closures are used with plastic casings.
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Semi-dry sausage
This type of product is normally produced in fibrous casings ranging from 36 mm to 75 mm in diameter, and from 5 ounces to 5 pounds in weight. The total processing time is typically less than 24 hours – compared to up to three days in previous decades.
Due to the lighter weights and shorter cure times semi-dry products are much easier to run, but all of the principals of dry sausage filling and clipping apply. Simply put, lighter products simplify the process.
Proper clipping applications
In the following section we will provide some examples of proper clipping applications, including the proper location of the clip as well as ideal clip positions (Figure 4.13).
For automatic double-clippers and single-clip machines
• Single-clips (S-Clip)
• Clips on sticks or available on rolls
• Aluminum (standard) and four standard colours (more on request)
• Two types of closures: “W” und “V”
• “W” is most commonly used
Fermentation
Fermentation is an important process that helps distinguish dry and semi-dry sausages from all others. The process originally was accomplished by indigenous bacteria present on the meat that spontaneously fermented sugar and was first primarily used to preserve sausage batters before the discovery of refrigeration. Today, the process of fermentation, through scientific advancements and a better understanding of the process, has developed into a refined practice rooted in science but implemented with a heavy dose of practical experience. Although the process of fermentation to preserve foods has been practiced for centuries, the microbial basis for fermentation in dry and semi-dry sausage production was not realized until 1900, with the first patent issued for the use of starter cultures in semi-dry sausage occurring in 1940, and the first commercial starter cultures were not available until 1958.
Purpose of fermentation
Dry and semi-dry sausages undergo fermentation for three primary reasons:
1. Shelf-life & food safety: The original reason for fermenting sausages was for preservation via extending microbiological shelf-life. The acid produced during fermentation can have a bactericidal effect on microorganisms while also creating an acidic environment inhibiting growth.
2. Improve manufacturing process: The main product of fermentation is the generation and accumulation of lactic acid, which lowers the pH toward the isoelectric point of that meat system. As the pH approaches the isoelectric point (which for salted meat is approximately 4.8-4.9), the water holding capacity gradually decreases. This is due to a change in the ionic charges, whereas the net charge of the meat system approaches zero as the pH moves closer to the isoelectric point. When the meat system pH and the isoelectric point are the same (representing an equal number of negative and positive charges), the proteins are at a point of their lowest water binding capability and as such easily give up moisture during later production (i.e. cooking and drying) phases Figure 4.16).
3. Flavor, aroma and color: Through the generation of lactic acid and other metabolites, as well as the proteolytic and lipolytic activities of the specific starter culture, fermentation creates acidic/tangy flavors as well as unique “fermented” flavors and aromas (dependent on the starter culture, product, and process), and it can improve color and color stability.
Fermentation process
The fermentation process is merely managing selected bacteria and is the opposite of what the meat industry typically tries to do, which is preventing bacterial growth and survival. Thus, successful fermentation can be accomplished with efforts to nurture the survival and growth of desirable bacteria.
Bacteria are living organisms and have specific requirements for survival including, food, water, oxygen and ideal survival/growing conditions. As such, successful fermentation can be attributed to understanding the specific needs of the bacterial starter culture while providing environments resulting in the most conducive survival/growth conditions.
Critical steps for fermentation
For the fermentation process to be successful, there are five considerations and best practices that must be realized and followed:
1. Care and control of bacterial starter culture: Starter cultures are available in frozen or freeze-dried (powder) forms and the manufacturer’s handling and storage instructions should be closely adhered to. Since the starter culture is essentially dormant during frozen storage, any temperature fluctuations during this time can damage the viability of the bacteria. Further, the viability of the bacteria does slowly decrease over storage time (which also may be affected by storage temperature), so recommended storage and use instructions are designed to allow the best performance possible by the starter culture.
2. Raw material quality: The “freshness of the raw materials” is a phrase commonly made in discussion about the raw material requirements for fermented meats. “Freshness” refers to the microbiological quality of the raw materials, which is often attributed to the age and condition of the raw materials. Fermentation is successful when the high populations (10+ logs) of the bacterial strain(s) in the starter culture can out-compete the bacteria already present on the raw materials. If high concentrations (e.g. 4 or 5 logs) of bacteria are present on the raw materials, the ability for the higher populations (10+ logs) of starter culture is diminished. This concept is especially important once fermentation has started and both populations of bacteria are growing and trying to out-compete one another. Advancements in starter cultures have resulted in more robust strains yet this is still a critical concept for understanding.
3. Starter culture handling during manufacture: Once starter cultures are removed from storage, their dormant state begins to transition to an active state. During this period, the bacteria are very sensitive and can be injured (or even killed) more readily than at any other time. To address this, starter culture manufacturers provide additional instructions, which should be closely followed with technological safeguards to minimize any negative impact during this sensitive period. For example, starter cultures are manufactured to contain highly nutrient-dense foods to minimize bacterial stress; allow the transition of dormant to active to be more successful; and allow for an overall more robust culture. Still, great care must be taken during thawing (if a frozen starter culture is used), preparation (dissolved in potable water without any contaminants such as chlorine, sanitizer and heavy meats), and incorporation (avoiding contact with salt and sugar during non-meat ingredient addition).
4. The fermentation process: Success during the fermentation process is highly dependent on the steps leading up to the actual fermentation step. During fermentation, adequate food, temperature, and time are required to achieve desired results. Dextrose, a simple sugar, is the most common food source used, as it is the most easily metabolized by bacterial starter cultures. However, other forms of sweetener also may be used, but it can affect the rate of metabolism with potential impact on fermentation times. Although dependent on a number of other variables, the following can be used in determining the amount of dextrose to be used and the expected final pH. All bacteria have specific minimum, maximum and optimum growth temperatures that are provided by the manufacturer and should be followed. The time required for fermentation (either measured by acidity for the production and accumulation of lactic acid or by the development of fermented aromas and flavors) is starter culture-strain specific and dependent on the shelf-life, safety and quality-related needs for the specific product being produced.
5. Fermentation safety: Since, micro-biologically speaking, fermentation is a race in which the good bacteria need to out-compete the bad bacteria, controlling the appropriate bacteria is important for ensuring food safety. Although the “race” approach is effective for controlling most of the microflora present, one pathogenic bacteria, Staphylococcus. aureus, needs addition control. S. aureus can easily grow during fermentation as the mechanisms effective for controlling other bacteria have little to no effect. If allowed to grow to high enough levels, S. aureus can produce a heat-stable toxin, which can cause food-borne illness. As such, the concept known as “degree hours” must be utilized to prevent S. aureus from growing to levels high enough to produce toxins. The degree hour concept is outlined in the “Good Manufacturing Practices for Fermented Dry & Semi-Dry Sausage Products” published by the North American Meat Institute Foundation. This document provides guidance for how long (hours and degree-hours) a product may be fermented at a given temperature to control S. aureus growth. The fermentation end point for controlling S. aureus is a pH of 5.3, as S. aureus will not grow below this pH.
Product-specific reasons for fermentation The goals of fermentation also are directly related to the product type. That product type may be connected to a standard of identity, a consumer expectation or a specific characteristic for that product. Most semi-dry sausages in the United States are fermented for either shelf stability or for the “tangy” and sharp acid flavor (which varies regionally across the country).
As such, a lactic acid starter culture with specificity for rapidly consuming food (i.e. dextrose) and producing lactic acid is commonly selected. These bacterial strains typically have optimum function temperatures of 95°F to 105°F/35°C to 40.5°C and may achieve fermentation in as little as 6 to 12 hours (depending on product diameter). For many dry sausages where a pH reduction is needed to generate complex fermented aroma and flavors, a starter culture with the ability to break down fat, protein and carbohydrate would be used. Because the generation of these compounds takes much longer, bacterial strains used for this purpose might achieve fermentation (in this case defined as when the pH reaches 5.3, which is when pathogenic S. aureus will no longer grow), in 50 to 60 hours with aroma and flavor development continuing well beyond this time period.
Thermal processing
Thermal processing for dry and semi-dry sausages includes both the fermentation (if using a starter culture) and application of heat to achieve a target quality and lethality. Fermentation itself normally improves quality by helping acid-coagulate proteins, which improves the stability of the meat matrix.
Inside a sausage, an increase in product temperature during cooking results in fat liquefying and swelling: proteins unfolding and shrinking; and collagen converting to gelatin. In a sausage with high amounts of protein extraction and a strong meat matrix, such as some semi-dry sausage (e.g. summer sausage), these events, in total, are much more tolerable than in a dry sausage batter where protein extraction has been minimized to encourage water loss during subsequent drying and to contribute to the associated texture. As such, thermal processes must be carefully developed keeping in mind the changes occurring inside the casing during thermal processing and what type of product is being thermally processed.
Thermal processes
Thermal processes can be designed in a variety of different ways and are often tailored to provide a balance between productivity, product quality, and food safety. Fermentation is typically a low temperature (75°F to 105°F/24°C to 40.5°C), high humidity (80% to 95% relative humidity) step in a thermal process. Because a high amount of moisture may be absorbed in the casing during fermentation, a short drying step immediately following fermentation is sometimes included.
The purpose of this post-fermentation step is to remove enough moisture from the casing and product surface to allow for proper casing adhesion and/or to help stabilize the batter inside the casing during the following cook steps from a slight amount of surface dehydration. The thermal process should then follow gentle ramp steps with no more than 10°F to 15°F/-12°C to -9°C in wet bulb temperature increments from step to step to prevent meat system stresses from the fat, protein, collagen and moisture changes occurring inside the casing.
If the sausage will go through a drying process following the thermal process, additional care must be taken to ensure case-hardening does not occur during the fermentation or cook parts of the thermal process. Case-hardening is caused by dehydration of the surface (primarily proteins) of the sausage. If the dehydration is severe enough, moisture transfer can be severely minimized and even prevented.
Case-hardening often is considered a problem that originates in drying rooms, but this is only partially true as it can also originate during the thermal process. Consequently, it is important to control the relative humidity inside the smokehouse to ensure case-hardening is being minimized or prevented. Periodically, the surface of a sausage should be evaluated for the appropriate pliability. The objective, throughout fermentation and cooking, is to maintain a product surface that is soft and pliable (determined by pressing into sausage surface with your fingernail) with no beaded moisture on the surface. Achieving this typically requires a higher relative humidity than would be normally utilized.
Humidity, however, should be closely monitored as excessive surface moisture can create a host of problems such as surface greasing (from the rendering of surface fat), color loss (from the washing effect of proteins and the protein color masking effect from fat that has “greased”), casing separation (if casing/product adhesion was significantly compromised), and even splitting of casings (if the pressure generated inside the casings caused pressure on the casings which could not be withstood). Conversely, in low-humidity processes and in addition to case hardening, surface greasing can also occur (from high temperature induced surface rendering), color fading (from the rendering impact) and product wrinkling may occur.
Thermal processing considerations
Dry and semi-dry sausages may be cooked in a variety of ways. Which process is chosen depends on a multitude of variables, such as formulation, need for addressing pathogens and ensuring desired finished product quality attributes. These go beyond the more obvious size, shape and basic safety requirements. Beyond those already mentioned earlier (i.e. fat, protein, collagen), the application of heat also affects important quality and safety-related properties of dry and semi-dry sausages; It affects dry sausages more since the cooking processes for semi-dry sausages are more similar to a cooked sausage.
The thermal process that is used may affect particle definition, texture, internal color, internal appearance, the aroma and flavor and the degree of lethality. Therefore, it is important to understand which thermal process should be used for each particular product.
High vs. medium vs. low temperature processes
Uncooked dry sausages won’t be covered in this discussion since they wouldn’t technically undergo a thermal process (except for fermentation).
Low-temperature cooking processes may be classified as sub-135°F/57.2°C final internal temperature processes. The lower end of the internal temperature (i.e. 130°F/54.4°C for 121 minutes) of USDA’s Food Safety and Inspection Service (FSIS) guidance material parameters (Appendix A “Compliance Guidelines for Meeting Lethality Performance Standards for Certain Meat and Poultry Products”) or following the Hinkens et al. study of maintaining an internal temperature of 128°F/53.3°C and holding products for 60 minutes are two very common processes that are used to achieve a “low temperature cook process.”
Medium- and high-temperature processes are readily and commonly achieved following time and temperature combinations prescribed in USDA/FSIS Appendix A (e.g. internal temperature of 145°F/62.8°C and held at that temperature for 4 minutes).
Several key factors affect the chosen final temperature level (low, medium or high). The following outlines a set of criteria and product expectations related to a high-temperature cooking process.
With higher temperature cook processes:
1. Less particle definition in the cut surface may exist due to more protein denaturing of sarcoplasmic proteins and the color of fat changing as a result of the rendering effect;
2. A lighter meat color may exist for reasons already explained along with a “washing out” effect from fat rendering occurring within the sausage;
3. A denser texture exists due to a greater extent of myofibrillar protein unfolding with increasing temperatures;
4. More collagen and sinew breakdown occurs with increasing temperatures (this is one of the main arguments to use high-temperature cooking processes – especially if high amounts of connective tissue containing raw materials are used in a formulation); and
5. A greater breakdown of complex fermented aroma and flavors will occur as heat destroys these volatile compounds with greater destruction as temperatures increase.
For lower temperature cook processes, the parameters in the outline above would be reversed due to less denaturation of the proteins, less heat-related fat, flavor and aroma damage, and less impact on the ability to break down collagen and sinew.
In addition, evaluations also should include topics such as Trichinae control (Trichinella spiralis; outlined in 9 CFR §318.10) and the ability of a specific formulation to withstand medium- or high-temperature cooking processes (e.g. high fat or low bind formulations) or produce a desired end product (if high collagen/sinew levels were present) following a low-temperature cooking process.
There are many considerations to take into account when determining the right approach. When manufacturing a semi-dry sausage possessing a strong meat matrix or a product with a higher-than-normal collagen content, a high-temperature cooking process is likely the best choice.
When producing a dry sausage in which unique aromas and flavors are intentionally created, a lower temperature process (which would have a less destructive effect on fermented aroma and flavor compounds) is more desirable. These are decisions that must be made on a case-by-case basis.
Drying
Drying is often the last step in the production process of dry and semi-dry sausages. The concept is straightforward, yet the application can take a career to master proficiently. Drying can be part of both dry and semi-dry sausage production, and in both cases, the same concepts apply (Figure 4.17).
There are, however, cases in which the definition of drying in the case of certain semi-dry sausages may be described as an additional high-temperature/low-humidity step at the end of a cook schedule in which a small amount (approximately 5% to 8%) of moisture is removed at the end of the cooking process. In this section, the concept of drying is aimed at dry and semi-dry sausages in which the process is a separate activity focused on removing larger amounts (20% to 35% or more) of moisture.
There are four primary objectives of drying:
1. To reduce moisture content;
2. To achieve the desired/required labeling criteria for shelf stability and product standard of identity;
3. To address product safety (i.e. Trichinae for low cook temperature processes); and
4. To achieve desired textural and other related quality attributes.
The goal of drying is to remove the moisture from the interior of the sausage in an orderly way by the moisture migrating from the center to the surface and then evaporating from the surface at the same rate as it reaches the surface. The closer the process is in achieving this goal, the shorter and more successful the drying process will be.
Drying is accomplished (and improved) by controlling the following:
Temperature: Most drying occurs between 55°F to 60°F/12.7°C to 15.5°C. There are some instances in which the drying temperatures might be higher or lower and it should be pointed out that drying may take place at any temperature. The main reasons why a particular temperature may be chosen are food safety concerns (pathogenic S. aureus won’t grow below 60°F/15.6°C, and this temperature provides another food safety hurdle) and rate of drying. As the temperature of air increases, the saturation mixing ratio (amount of water vapor that can be held in a kilogram of dry air at saturation) also increases. Therefore, with all other drying variables constant, fast drying can take place as ambient temperatures increase. The trend is often not fully realized as exceedingly high saturation mixing ratios above 70°F/21.1°C for many products can result in case-hardening situations. As such, lower temperatures (approximately 50°F/10°C) are sometimes used early in drying processes to manage the early phase of drying when moisture loss can be accelerated and the chance of casing hardening is greater.
Humidity: Humidity is a measurement determined using either wet-bulb and dry-bulb readings or a relative humidity sensor. Relative humidity is a measurement of the amount water vapor in a mixture of air and water vapor. Relative humidity during the drying process can range between 60% and 80% and is the most important factor for effective drying. Relative humidity may be incorporated into drying schedules and production systems in several ways. The basic approach for using relative humidity effectively is to correlate the environmental relative humidity level to the rate at which moisture from inside the sausage is migrating to the surface. If this is matched perfectly, the environmental relative humidity will allow the moisture to be removed from the sausage surface at the same rate at which it is arriving at the surface. If moisture is being removed faster than it is being supplied to the surface, often attributed to too low of relative humidity, casing hardening and even product wrinkling/collapse can occur. If the opposite occurs, prolonged moisture build up at the surface can allow for mold growth due to prolonged wet surface conditions. Because the product is living and changing during the drying process, achieving ideal drying conditions at any point in the process is rarely possible and through the entire process is impossible; but pursuing this can provide significant drying benefits. The approach for implementing relative humidity concepts into drying programs is achieved by establishing drying steps where the relative humidity in each step follows the moisture content inside the sausage. A suggestion is to start with a relative humidity that is no more than 5% below the water activity of the sausage. Thus, if a sausage is placed in the dry room with a water activity of 0.90, processors should maintain a drying room humidity of 85%. As the product loses moisture and the water activity decreases, additional drying steps can be developed to track with the moisture loss by decreasing the relative humidity of the drying room accordingly and maintaining a 5-point difference. As drying ensues, the rate of moisture loss typically decreases so the differential between room humidity and product water activity is sometimes increased. The figure below outlines a drying schedule with these concepts (Figure 4.17).
Three different drying approaches commonly exist for dry and semi-dry sausages, but particularly for dry sausages:
1. Batch drying is an approach in which all product in a lot is dried in the same room from start to finish following a multi-step (relative humidity/product water activity tracking) process. Significant opportunity exists to maximize drying efficiency and product uniformity but the greatest opportunity for process failure (e.g. it can be easy to case-harden) can also exist due to the tight parameters.
2. Interval drying (also known as pulse drying) is the practice of drying a single lot similar to batch drying. The primary distinction is with the process itself. A repeating pulsing on/off drying schedule is developed and followed to “pull” moisture to the surface (very low relative humidity when “on” followed by “off” when moisture migrates to surface), and then followed by the moisture being removed from the surface. This on/off process is repeated until the drying is completed. This can be a very effective drying process, but equipment and controls to accomplish this limit its application.
3. Rotating drying is an approach where multiple lots of products representing several production lots (dates) and at different stages in the drying process are dried together in the same room with a constant relative humidity set point (often 70% to 75%). Because product in the drying room is at different stages of drying, different lots impact the overall environmental relative humidity and create natural fluctuations. For example, “young,” high-moisture product will contribute to the environmental relative humidity differently than “older,” dryer lots with this dynamic continually changed as lots are added to and other lots being removed from the drying room. The continually changing environmental relative humidity creates is a gentler approach to drying than the batch or interval approaches with adequate drying efficiency and less drying failure caused by overly tight parameters.
Air flow / balance / loading pattern: Air flow in a drying room is what will carry the moisture on the surface of a product away to allow more moisture to be brought to the surface. Generally speaking, more airflow is needed if the drying process doesn’t have a great ability to maintain relative humidity set points. Proper airflow is important to help prevent mold growth (especially if overall drying is slow with moisture removal from the surface slow) while too much can cause case-hardening if accelerated moisture loss is occurring. Ensuring drying rooms are balanced with uniform airflow (patterns and velocity) also is important for drying efficiency. In addition, how rooms are loaded will affect drying rates. Densely loaded rooms may inhibit airflow while also creating pockets of high relative humidity while less densely loaded rooms may create the opposite conditions.
Product condition: A broad list of factors related to the actual product itself, which may be traced to the raw materials themselves, may affect drying as well. Following is a list of a few of these factors:
1. Product diameter: Larger products take longer to dry, as the distance for water to migrate from the center to the surface is greater.
2. Product density: Denser products (normally those vacuumized) may dry faster as more air (acting as an insulator) has been removed from the product allowing the moisture migration to be more efficient.
3. Casing condition: If the casings have separated from the surface of the product before or during the drying process, the drying will slow as the air between the sausage surface and the casing will serve as an insulating barrier.
4. Case-hardening: If the surface of the sausage has cased-hardened prior to or during fermenting, cooking or drying, the physical barrier caused by the dehydration at the sausage surface will prevent moisture migration and subsequent moisture removal from occurring.
5. Fat smearing: The smearing of fat during the manufacture of dry and semi-dry sausages is never prevented but rather minimized. The greater extent to which this is minimized, the faster drying that will ensue. Fat smearing can occur at the surface (e.g. during stuffing) and it can also be found inside the sausage around proteins (e.g. during grinding or chopping). A thin layer of fat will create a physical moisture impermeable layer which is inhibitory for moisture removal.
6. Formulation fat content: Formulations containing higher amounts of fat will generally dry lower than leaner formulations (even though the moisture content is higher in lower fat formulations) due to the fat smearing effect being proportionally higher in higher fat formulations.
7. Proper meat system pH: The closer the pH of the sausage is to the isoelectric point (when neutral charges from the proteins exist and the proteins are most willing to “give up” moisture),
For medium- and low-cooking-temperature dry and semi-dry sausages in which the final internal temperature does not exceed 144°F/62°C, (this temperature provides instant kill of trichinae) several options (called “Methods” in the actual regulation) exist to address trichinae during the drying process. Trichinae control during the drying process utilizes a minimum number of drying days concept in which the number of days is adjusted by salt content, product diameter and drying temperature.
The drying process also has been attributed to improving both flavor/aroma as well as product texture. More common in uncooked dry sausages in which the enzymatic acidity of bacterial starter cultures is still active during drying, this phenomenon also occurs in heat-treated products. Further, flavors become more concentrated as moisture loss increases in dry sausages. Similar effects occur regarding texture as moisture removal creates shrinking and compaction of the product and as a result the texture changes with increasing levels of firmness, cohesiveness and overall product bite.
Slicing
Slicers come in a multitude of shapes, sizes and configurations – although they all achieve the same task: Separating large pieces into smaller ones. More important is the function and the theory behind using slicers appropriately.
It is recommended that the slicer blades be changed after 3 to 4 hours of continuous slicing.
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All slicing systems use blades and knives of some type. Sharpening or honing the blades and ensuring proper maintenance of those blades are critical to food safety. How often blades are changed really depends upon volume and type of product sliced, but it is recommended that the slicers be changed after 3 to 4 hours of continuous slicing.
Slicers are full of difficult-to-clean niches and provide ideal harborage sites for bad bacteria such as Listeria monocytogenes. Although this is certainly true of slicers, it is also true of many other pieces of equipment. Still, slicers should have additional food safety focus placed on them through specific sanitation programs and microbiological sampling schemes.
Slicers typically are the last food contact surface that a product touches prior to packaging, so the slicing step should have extra emphasis to prevent microbial contamination as well as cross-contamination. More robust sanitation protocols including “tenting,” “cooking” or other focused sanitation practices are essential in ensuring the slicer does not become the point of contamination. If there is any area in a facility to develop a “search and destroy” microbial sampling program, the slicing and packaging areas will receive the greatest benefit.
The lengthy drying period of salami is desirable to obtain a firmer product that will slice well.
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A warmer product temperature has the tendency to lead to a decreased slice and portioning quality (with fat remaining on the blade). Grippers, blades and pre-formed shear edges should be considered if the temperature range is consistent.
Depending on the end product, the length of the drying period will affect the sliceability of that product. For example, since one common characteristic of most salamis is that no water is added to the formulation during processing (except in the case of some cooked salamis, like cotto), the lengthy drying period is desirable to obtain a firmer product that will slice well.
Correct product loading is important to minimize waste. Improper product loading can lead to a complete loss of the product log (100%) if grippers can’t hold the product.
Packaging
The more attractive the product and the higher the quality of the dry and semi-dry sausage, the more successful the product is likely to be. Therefore, the packaging a processor chooses will play a crucial role. The packaging of dry and semi-dry sausage is necessary not only to protect the contents during transportation, but also to provide optimum product presentation in-line with the quality of the product, stimulating the customer demand.
Along with the advantage of a longer shelf-life, retail packaging provides the opportunity to communicate directly with the consumer through printing or labeling applied directly to the packaging. The diversity of foods and the form of presentation are continually increasing on the supermarket shelves. Running parallel with this is the range of pack types and the material structures.
There are many packaging material options for processors to “best” present their product. Some of these include thermoformable flexible, semirigid and rigid materials, preformed rigid trays, premade pouches or shrink bags. With modern packaging equipment, such as thermoformers, traysealers or pouch/bagging equipment, processors are able to create their unique brand package while reliably producing high quality and safe packages day in and day out. Another key benefit is the dependable operating costs while meeting high production demands.
Package atmosphere
Each processor must decide on the condition and presentation required for the specific product. This includes the use of modified atmosphere, which allows the processor to choose between vacuum and gas flushing.
The particular gas used is product-dependent, but with dry sausage, nitrogen typically is used as an inert gas to replace the original atmosphere.
If your product is able to withstand the pressures of vacuum, it can be packaged simply while being presented in a high quality manner with a vacuum or “skin” packaging technology. With vacuum packaging, all the air, and thus oxygen, is removed from the package. Next, the package is hermetically sealed, assuring freshness while greatly extending the shelf-life of the product throughout distribution. Generally, this is the most economical packaging solution while allowing for reliable results, even at very high production levels. Another key benefit with this process is that it requires less complex quality control and packaging inspection.
If a product is sliced, softer or more delicate, it will not be able to withstand the pressure of vacuum. This does not mean the product is not able to enjoy the benefits of a longer shelf-life in a safe, tamper-resistant package. For these products, gas flushing or modified atmosphere packaging (MAP) is recommended. Once the initial evacuation of atmosphere is complete, harmless inert gases are fed back into the pack. These gases can include carbon dioxide (CO2) or nitrogen, which are naturally present in the air that surrounds us.
Equipment types
If you would like to produce large volumes of customized packages with the lowest packaging materials and labor, a thermoformer is likely to be the best machine for packaging dry or semi-dry sausage. When products can be automatically fed through the packaging line, thermoformers provide the opportunity for excellent control of modified atmosphere, but also features very high output with minimal labor involvement.
A thermoformer also features the ability to create a unique package with the option of all varieties of packaging materials (flexible, semirigid, rigid, paper, foil or skin). Another distinct advantage is the excellent flexibility with changeover or adaptation of the packaging, based on the product volume, size and shape. All these benefits allow for a truly unique package and an easily identifiable brand.
If a rigid container is desired, the use of a traysealing packaging line is the best option. Traysealing equipment can also add great flexibility and quick changeover of products. This product is placed into a rigid tray and brought to the traysealing line for final packaging. With dedicated packaging lines, traysealers can also provide high output with minimal labor. Traysealers are not quite as flexible as thermoformers, requiring some form of rigid container. Traysealers are more often associated with MAP packaging, although the use of traysealing lines for vacuum “skin” packaging on rigid trays has seen a great deal of growth.
If a lower volume is required, coupled with many package sizes, a vacuum/MAP pouch sealing machine might be more appropriate. These units are highly flexible and require a low initial capital investment. These machines are capable of producing safe packages with the same package atmosphere opportunities as the thermoforming and traysealing lines.
Package features
Package details and features gain the most attention of the consumers. It is commonly these “brand unique” package details and features that make the consumer loyal to a specific product/brand. A great deal of attention should be placed on things that make a package stand out to the consumer. Some of these details/features include product messaging, size of package, shape, uniqueness of package, opening features, reclosability and use of material structures. For instance, if a package can be opened conveniently, simply, without knives or scissors and without great force, that can make a consumer more loyal to a brand.
Buying habits may also demand multiple portion packages that offer the consumer a reclosable or “multi-portion” package that provides the assurance the product will stay fresh and safe in the home. The size and shape of a package could also play a role in separating a product from its competition. It is highly important that a package is designed to accommodate the positioning or presentation at the retailer. For instance, if a product is to be displayed on a peg, it is important that the appropriate hanger hole is designed into the package.
Package quality control
Brand protection and consumer safety are the most important aspects of a package, gaining in significance every day. It is vital that companies provide efficient and reliable packaging. Quality control equipment ensures the portion size is accurate and the package is hermetically sealed, free of foreign materials and labeled for accuracy.
Modern quality control equipment plays a critical part of any packaging line. With clear communication between the packaging line components, a company is able to ensure its operation is efficient and reliable.
Metal detection and X-ray systems assure there are no foreign materials in the finished product packaging. The advancement of optical inspection systems allows for automatic inspection for quality or appearance of product condition, labels, printing, code dating or package seal integrity.
Dr. Jay Wenther, director of meat technology at Handtmann Inc.
Equipment design
For many years, the U.S. Department of Agriculture (USDA) required the meat and poultry industry to submit a list of the equipment that would be utilized during the processing of meat and poultry for approval. That policy was rescinded and replaced with the Code of Federal Regulations (9 CFR §416.3 – Equipment and utensils), specifically, 9 CFR §416.3 (a) and (b) that state:
(a) Equipment and utensils used for processing or otherwise handling edible product or ingredients must be of such material and construction to facilitate thorough cleaning and to ensure that their use will not cause the adulteration of product during processing, handling, or storage. Equipment and utensils must be maintained in sanitary condition so as not to adulterate product.
(b) Equipment and utensils must not be constructed, located, or operated in a manner that prevents FSIS inspection program employees from inspecting the equipment or utensils to determine whether they are in sanitary condition.
As regulations and legislation evolve, the meat industry and suppliers of capital equipment will continue to innovate in the never-ending race to reduce pathogens and contamination events. Since 2003, the (North American Meat Institute’s) NAMI 11 Sanitary Design Principles for Facilities also has guided processors looking to upgrade their facilities.
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.
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.
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 to facilitate sanitary conditions: These include exterior ground maintenance, lighting, grading and water management systems and a measure of control of access to and from the site.
7. Design and construct all openings in the building envelope to enable easy cleaning and inspection: All doors, fans, louvers and utility penetrations should be built to prevent insects and rodents from finding safe harbor around the building perimeter, an easy route into the building or safe passage inside the facility.
8. Provide interior spatial design that promotes sanitation: The design should ease the process and efficiency for cleaning, sanitation and maintenance of building components and processing equipment.
9. Design building components and construction to prevent harborage points through sealed joints: These components should be possess no void spaces and facilitate sanitation by using durable materials and through the isolation of utilities with interstitial spaces and stand-offs.
10. Design and install utility systems to prevent contamination: These efforts will prevent the introduction of food safety hazards by providing surfaces that are clean-able to a microbiological level. Appropriate construction materials should be used that provide access for cleaning, inspection and maintenance. In addition, they should prevent water collection points and prevent niches and harborage points.
11. Provide proper sanitation systems: Once installed, these systems can eliminate the chemical, physical and microbiological hazards that exist in a food plant’s environment.
With the assistance of the meat industry, the American Meat Institute (NAMI) Foundation formed the Equipment Design Task Force (EDTF) in 2012 that was charged with developing equipment sanitary design principles that meet the expectations of the meat and poultry industries. These expectations exceeded the general regulatory requirements of USDA’s 9 CFR §416.3 (a) and (b) and were revised and published by NAMI as an industry model in 2014.
That allows processors to successfully meet customer expectations and operate within differing standards and layers of local regulation while capital equipment manufacturers remain very focused on sanitary design and easy maintenance of the equipment sold into meat and poultry establishments. The NAMI guidance document incorporates a checklist that equipment manufacturers and processors can use to ensure their equipment meets 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.
As technology evolves and sanitation principles are enhanced, continual improvements are made by both the meat/poultry industry, and the manufacturers of capital equipment. To access the most recent version of the NAMI document on Sanitary Equipment Design Principles, click here.
Hazard Analysis and Critical Control Point (HACCP)
The Hazard Analysis and Critical Control Point (HACCP) concept is a systematic, science-based-process-control system for food safety. This concept forms the basic structure of a preventative system for the safe production of fresh and processed meat and poultry products. Note, as a preemptive tool, HACCP is designed to prevent potential biological, physical, or chemical food safety hazards from occurring. Whether found naturally in food, being contributed by the environment, or being generated by a deviation in the production process, a properly designed and successfully implemented HACCP process prevents, reduces or eliminates all hazardous inputs to assure the production of safe products.
On July 25, 1996, the USDA/FSIS mandated requirements in efforts to reduce the occurrence and numbers of pathogens on meat and poultry products, reduce the incidence of foodborne illness associated with consuming these products, and provide a framework for modernization of the meat and poultry inspection system. The new regulations initially required establishments to comply with four new programs:
1. Establishments must develop and implement written sanitation standard operating procedures (Sanitation SOPs).
2. Slaughter establishments must conduct regular microbial testing to verify the adequacy of an establishment’s process controls for the prevention and removal of fecal contamination and associated bacteria.
3. All slaughter establishments and establishments producing raw ground products must meet pathogen reduction performance standards for Salmonella.
4. All meat and poultry establishments must develop and implement HACCP programs.
USDA/FSIS established dates for implementing these programs in plants. All inspected establishments were expected to implement sanitation SOPs and E. coli process control testing by Jan. 27, 1997. Further HACCP implementation dates were based on establishment size:
Jan. 26, 1998
Large establishments, defined as all establishments with 500 or more employees.
Jan. 25, 1999
Small establishments, defined as all establishments with 10 or more employees but fewer than 500.
Jan. 25, 2000
Very small establishments, defined as all establishments with fewer than 10 employees or annual sales of less than $2.5 million.
A variety of HACCP categories were determined by USDA/FSIS and establishments were tasked with determining which products would best fit into specific HACCP categories. The category of dry and semi-dry sausage products is not exclusive to any one HACCP category. Depending on what the processor chooses and on the processing techniques utilized, dry and semi-dry sausage are typically produced under one of the following HACCP categories:
• Heat-treated, shelf-stable meat and poultry products
• Not heat-treated, shelf-stable meat and poultry products
• Fully cooked, not shelf-stable meat and poultry products
HACCP plans are very detailed documents that critically review and analyze the production process. Within the HACCP plan, establishments must determine their own critical control points (CCP); or steps at which control is essential and can be applied to prevent or eliminate a food safety hazard or reduce it to an acceptable level. In general, common CCPs of dry and semi-dry sausage could include, but are not limited to, lethality, stabilization, water activity and pH.
For processors to determine that hazards are controlled at the individual CCPs, establishments must provide scientific supporting documentation demonstrating that particular process control measures can address specific issues identified as critical to process integrity and product safety within the HACCP system. Scientific support is defined as: theoretical principles, expert advice from processing authorities, scientific data, peer reviewed journal articles, regulatory requirements, pathogen modeling programs or other pertinent information. According to USDA’s FSIS, all supporting documentation must closely match the process and product.
Although dry and semi-dry sausage is most often produced to be shelf-stable, not all products made in the process category are exclusively shelf stable. For example, U.S. processors may produce semi-dry product (e.g. summer sausage) under the HACCP-mandated rules covering fully cooked, not shelf-stable or heat-treated, shelf-stable sausage. Since the product is thermally processed, it is much more manageable to produce this product from an inspection perspective.
Processors producing meat snack items (e.g. meat snack sticks) generally use a heat-treated, shelf-stable HACCP plan because the product is thermally processed and dried for the purposes of making the product be shelf-stable for many months.
On the other hand, other establishments that produce dry sausage products (e.g. traditional salami) may choose to produce the product within the not heat-treated, shelf-stable HACCP plan category. Some premium salami processors believe their distinctive product must be produced traditionally to maintain its unique flavor and texture profile. Oftentimes, these processors want to avoid a thermal processing or lethality step in their production methodology. The production of these products without a lethality step is becoming more difficult under current USDA/FSIS regulations and inspection standards, as expensive and exhaustive product specific validation studies along with extensive and continual microbial testing are often needed.
Food safety (lethality)
There are many steps (e.g. conditioning, drying and smoking) within the process of thermal processing that occur before the desired final internal temperature or lethality is achieved. Although many different combinations of these cooking steps are commonly used, and certain steps are often added or deleted, the basic purpose for each step is to produce high-quality, safe, ready-to-eat (RTE) products.
Definition
Lethality: The lethality treatment is defined as the process step or steps used to destroy pathogenic microorganisms on or in a product to make the product safe for human consumption at any point during its shelf life. The lethality treatment is considered to include the time when the thermal processing begins (e.g. the product is placed in the heated oven) until the point at which the product reaches the desired lethality time/temperature combination (also referred to as the “cooking time”).
Thermal processing accomplished in meat and poultry processing establishments is still one of the most useful tools to effectively eliminate or reduce to acceptable levels any pathogenic bacteria that may be potentially present in meat and poultry products. The one step in thermal processing that is critical in controlling foodborne pathogens in RTE meat and poultry products is the lethality step. Because thermal processing has historically been so effective and, in many cases, regarded as the ultimate “safe harbor” for food safety, it can easily also be one of those technologies where a critical understanding and appropriate application of the product-specific thermal processes can be unintentionally overlooked.
Due to stringent regulatory oversight, American meat processors have found it more difficult to produce dry and semi-dry sausage products without some sort of lethality step (temperature, time and temperature combinations, for example) included in their processing procedures. The lethality treatment is considered to include the time when the product is placed in the heated oven (including surface preparation and color setting) until the product reaches the desired lethality time/temperature combination (also referred to as “the cooking time”). In order to achieve adequate lethality, it is important that an establishment’s actual process adheres to their critical thermal operational parameters.
There are, however, three additional nuances of lethality treatments that must be included for practical thought and consideration:
1. The pathogen of concern must first be present for lethality to be effective, and since raw product microbial sampling is not conducted in a way to efficiently or effectively validate presence or absence, processors should inherently consider the pathogen is present in their raw meat/poultry materials.
2. The lethality process must be effective in reducing pathogen numbers to a safe level. This can be a somewhat controversial point as most lethality requirements are established to achieve at least 5-log colony-forming unit (CFU)/g or higher reductions. These “high” log levels are chosen to achieve a very conservative log reduction, as these levels would almost never be present on raw materials. However, if considering potential growth during the thermal processing come-up time (time prior to lethality temperature conditions) and the potential for any pathogenic survivors of the thermal process and the necessary control post-thermal processing, these “high” lethality requirements may be well-justified.
3. Any variation within the manufacturing process such as differences in product thickness or variation incurred during the thermal process, such as from oven hot spots or cold spots, also supports the idea of a more conservative approach, and should be considered when designing lethal thermal processes.
Due to today’s microbiological concerns, particularly Escherichia coli (E. coli) O157:H7, Non-O157 Shiga Toxin-Producing Escherichia coli, Salmonella, Listeria monocytogenes, and Staphylococcus aureus; thermal processing treatments are typically designed to address the pathogens that are commonly associated with protein (i.e. beef, pork, poultry, etc.) used for the production of the product. The contamination may be linked to inadequate lethality treatment during processing.
The lethality treatment of most RTE products should achieve at least a 5.0-log10 reduction of Salmonella spp. and at least a 5.0-log10 reduction for shiga toxin-producing E. coli (STEC) for products containing beef as recommended in USDA’s “Salmonella Compliance Guidelines for Small and Very Small Meat and Poultry Establishments that Produce Ready-to-Eat (RTE) Products.” The lethality treatment of products containing poultry should achieve at least a 5.0-log10 reduction of Salmonella spp. Although poultry products are considered to fall under the performance standard in 9 CFR §381.150 (i.e. a 7.0-log10 reduction of Salmonella spp.), the regulation allows for the use of an alternative lethality that achieves an equivalent probability that no viable Salmonella organisms remain in the finished product.
In addition to Salmonella spp., the lethality treatment of RTE meat and poultry products should achieve a minimum 3.0-log10 reduction of Listeria monocytogenes, although a 5.0-log10 reduction or greater is desirable for providing an even greater safety margin for ensuring that Listeria monocytogenes does not grow to detectable levels during a product’s shelf life. However, establishments are not required to validate that their process achieves reduction in Listeria monocytogenes (or STEC for products containing beef) if it achieves sufficient reductions in Salmonella because Salmonella is more heat resistant than other pathogens and is, therefore, considered an indicator of lethality.
In addition to the product temperature, the amount of time the product is held at this temperature is also critical to ensuring that adequate lethality is achieved. It is important for the establishment to understand how the actual internal temperature of the product was taken, the time it takes the product to reach the target temperature and the amount of time the product is held at the target temperature compared to the scientific support documentation. If the product is held at the target lethality treatment for less time than what was used in the scientific support, then adequate lethality may not be achieved.
Many establishments have chosen to use the USDA/FSIS document commonly referred to as Appendix A guidelines (“Compliance Guidelines For Meeting Lethality Performance Standards For Certain Meat And Poultry Products”) as their supporting documentation for their lethality treatment. This document has been extensively used by the meat industry and universally accepted by regulatory bodies as a safe harbor to provide lethality of harmful, pathogenic bacteria in RTE meat and poultry products for many years.
To provide additional thermal processing tools for the meat industry, numerous research studies have been published over the past several decades to provide lethality criteria for pathogenic bacteria, but with the exception of Appendix A, these data have not been translated into tools the industry can easily use. Reasons for this lack of adoption include inability of laboratory studies to be translated into an industry practice/setting, study results not validated in commercial systems or in products outside the scope of the tested product (i.e. studies performed in pathogen tests) and shortcomings identified in research designs (i.e. depth or complexity of experimental design). Even relevant studies are often overlooked or have only limited adoption due to the need for laborious searches and highly skilled interpretations of scientific articles. In other cases, little benefit can be realized if the scope of information is too narrow, resulting in self-restricting data.
Regardless of the scientific support document used to justify an establishment’s thermal processing lethality treatment, it is important that an establishment’s actual process and procedures relate and adhere to the critical operational lethality parameters in the scientific support in order to achieve adequate lethality.
Definitions
Shelf-stable: Shelf-stable means the condition that is achieved when meat and poultry products can be stored under ambient temperature and humidity conditions; if the package integrity is maintained during storage, shipping, and display at retail and in the home; and the product will not spoil or become unsafe throughout the manufacturer’s specified shelf-life.
Water activity (aw): Water activity, also referred to as aw, is a measure of the concentration of moisture (i.e., water) and its availability in a food. The amount of water available in a food depends on the total concentration of all dissolved substances in the product because they bind water. Thus, if ingredients such as salt or sugar are added to food, they compete with the bacteria for available water.
Moisture:protein ratio (MPR): Moisture:protein ratio (MPR) expresses the percent moisture divided by the percent protein. MPR is commonly used in the United States to classify dried sausages and other meat products. Although MPR values indicate the degree of product drying, they are not necessarily indicative of microbial safety or product shelf-stability because they do not take into account availability of the water.
pH: The term pH is related to the acidity of the product. In scientific terms, p (potential of) H (hydrogen) or pH is the negative log of the hydrogen-ion concentration in gram atoms per liter. The pH scale values range from 0 to 14. A neutral solution has a pH of 7. A pH less than 7 indicates an acidic solution while a pH greater than 7 indicates an alkaline (basic) solution.
Some processors have decided to not include a lethality step during the production of their uncooked or heat-treated sausage product (e.g. salami). This decision can be somewhat challenging to defend when questioned by USDA/FSIS. For the production of dry and semi-dry sausage products only containing pork (i.e. no beef added), ironically, there are no regulatory requirements for Salmonella reduction or control. The only regulatory requirement is that Salmonella cannot be present in the finished product. That is to say, establishments do not have to demonstrate a log reduction for Salmonella in these products. USDA/ FSIS would like to ideally see a validation for Salmonella reduction/control, but there is no set log reduction minimum.
Food safety (shelf stability)
One of the oldest forms of meat preservation is represented by the product category currently known at shelf-stable meat products. Historically, the development of dry and semi-dry sausage technology was discovered several thousand years ago. Simply stated, the application of salt on meat (whole muscle or comminuted) and the process of drying were found to preserve meat for months under normal climatic conditions. Currently, the meat industry now understands preservation is much more complex with many more parameters (such as free moisture in the meat and acidity) that need to be managed in order to create a reliably shelf-stable meat/sausage product.
In basic terms, a product that is shelf-stable requires no refrigeration and will not support pathogenic or spoilage bacteria at room temperature throughout its shelf life.
While shelf-stability is a concept that has been utilized for thousands of years, only in recent decades has it become more scientifically understood with factors like moisture:protein ratio (MPR), pH and water activity that have allowed for the development of more precise critical parameters for achieving shelf stability.
For many years in the United States, the moisture:protein ratio (MPR) was used to define the shelf stability of meat products (Figure 5.1). This is no longer the case and MPRs are only to be used to define the standard of identity of certain processed meat products. Moisture:protein ratio is an inappropriate indicator of food safety shelf-stability. The regulations published in the Food Standards and Labeling Policy Book are for labeling purpose only. Simply stated, food standards and labeling policy were developed to regulate the industry based on consumer expectations of certain processed meat products upon purchase. Therefore, the MPR referenced here is only related to product characteristics expected by the consumers.
A moisture:protein ratio refers to the quantity of moisture in a product in relationship to the quantity of meat protein, expressed as X parts (or percent) of moisture for each part (or percent) of meat protein. Years ago, it used to be common for meat processors in the United States to base the degree of drying on MPR. Nowadays, it has become common practice to measure the water activity (aw) of a product to ensure a product’s shelf stability from a food safety perspective. In order to achieve shelf stability for food safety purposes, certain intrinsic parameters must be met. Commonly, these intrinsic parameters include water activity and pH.
Water activity is defined by the ratio of the water vapor pressure of food substrate to the vapor pressure of pure water at the same temperature. In other words, water activity refers to the available water in a product upon which microorganisms depend on for growth. The preservation of foods by drying is a direct consequence of removal or binding of moisture, without which microorganisms do not grow. The water activity of some common foods is illustrated in (Figure 5.2).
Microorganisms need water in an available form to grow in food products. The control of the moisture content in foods is one of the oldest exploited preservation strategies. Food microbiologists generally describe the water requirements of microorganisms in terms of the water activity of the food or environment. The water activity can be manipulated in foods by a number of means, including addition of solutes such as salt or sugar, physical removal of water through drying or baking, or binding of water to various macromolecular components in the food.
The term pH is related to the acidity of the product. In scientific terms, p (potential of) H (hydrogen) or pH is the negative log of the hydrogen-ion concentration in gram atoms per liter. The pH scale values range from 0 to 14. A neutral solution has a pH of 7. A pH less than 7 indicates an acidic solution while a pH greater than 7 indicates an alkaline (basic) solution. The pH of some common foods is illustrated in Figure 5.3. As described previously, a reduction in pH can be achieved through the use of starter cultures (e.g. lactic acid) or acidulants (i.e. encapsulated citric acid, encapsulated lactic acid). Increasing the acidity of foods (i.e. decreasing the pH), either through fermentation or the addition of weak acids, has been used as a preservation method since ancient times. It is well known that groups of microorganisms have pH optimum, minimum, and maximum for growth in foods.
With common shelf stable meat products (e.g. meat snack sticks or summer sausage), shelf-stability requires the management of decreased water activity, decreased pH and lethality.
Because of today’s microbiological concerns, particularly E. coli O157:H7, non-O157 Shiga Toxin-Producing E. coli, Salmonella, Listeria monocytogenes, and Staphylococcus aureus, meat processors must be careful to control the growth of certain pathogens. In order to comply with HACCP standards, meat processors must also justify the critical limits they are using as critical control points with “scientific documentation.” The following tables describe the characteristics of biological hazards that concern processors of shelf-stable sausage products.
Microorganisms generally have optimum and minimum levels of water activity (Figure 5.4) and pH (Figure 5.5) for growth depending on other growth factors in their environments. Depending on the scientific supporting documentation used, processors may discover varying values.
Although it is strongly believed that multiple hurdles function together to control, reduce, or eliminate harmful pathogens; processors must understand pathogenic microbiological tolerances as described in their supporting documentation. While the final pH of dry and semi-dry sausage products is oftentimes considered a hurdle, the reality is that many pathogenic bacteria cannot be solely controlled by pH unless the pH of the product is extremely low.
The main objective in the formulation and processing of a shelf-stable, dried meat product is to arrive at a combination of hurdles that favor desirable microorganisms over undesirable microorganisms while also maintaining a consumer-acceptable product. There are many combinations of hurdles that can achieve product shelf-stability.
Food quality (shelf-life)
Processors must also have a clear understanding that there is a significant difference between a product’s shelf stability and a product’s shelf-life. Fundamentally, a product’s shelf stability relates to the food safety parameters that are established, controlled and achieved through a functioning HACCP program to ensure that pathogenic biological hazards are eliminated and that conditions exist in which post-processing contamination does not allow growth to reduce the incidence of foodborne illness associated with these products. On the other hand, shelf-life relates to the product’s quality characteristics that determine a time point at which a product is longer fit for consumption from an organoleptic perspective. Therefore, a product that has exceeded its established shelf-life may be perfectly safe to eat from a food safety perspective, but may not taste as good as the same product within its shelf-life period.
Definitions
Product shelf stability: The condition achieved when meat and poultry products can be stored under ambient temperature and humidity conditions; if the package integrity is maintained during storage, shipping, and display at retail and in the home; and the product will not spoil or become unsafe throughout the manufacturer’s specified shelf-life.
Product shelf-life: The point in a product’s life at which it is no longer considered acceptable (by the manufacturer, consumer, or another party) from a quality perspective according to pre-determined thresholds developed for that specific product. Practically speaking, shelf-life is defined as the amount of time (in days) during which microbial and chemical changes are delayed long enough to extend the post-processing life of a product to the fullest extent.
The determination of a product’s shelf-life is both product and process related. So, dry or semi-dry products of the same name produced by different processors will often have a different shelf-life. The shelf-life of products made in the dry and semi-dry sausage category can be as varied as the products themselves. For example, a shelf-stable snack stick may have a one year shelf-life whereas a sliced, non-shelf stable salami product may have a three-month shelf-life.
Many factors affect shelf-life, including: the age and quality of raw materials, added ingredients (i.e. antimicrobials, antioxidants), the level of lethality attained during cooking (for cooked products), the level of dryness or water activity for shelf-stable products, the quality of facility, equipment and employee sanitation, as well as finished product packaging type, lighting exposure and storage temperatures, among other variables.
A variety of methods are used to determine shelf-life of meat products. Microbiological (total viable count) and chemical/instrumental (i.e. TBARS, gas chromatography) methods have been used to evaluate the shelf-life of various products. However, since oxidation and other sensory defects have become more prominent with modern processing, ingredient and packaging technologies, new sanitation standards and the rise of automation, sensory evaluation remain a crucial element of all shelf-life programs. Often, processors are the most critical audience – and best evaluators – of their own products. In other instances, a trained sensory panel may be used to determine any differences between the control and older product near the end of its shelf-life.
Understanding the microbial, sensory, and chemical parameters of dry and semi-dry products and how to determine product quality based on specific sensory or analytical parameters is helpful to effectively determine a product’s shelf-life.
Post-thermal processing concerns
Due to today’s microbiological concerns, particularly E. coli O157:H7, non-O157 Shiga Toxin-Producing Escherichia coli, Salmonella and Listeria monocytogenes, meat processors must determine how they will control the growth of certain pathogens. While properly validated thermal processing techniques can provide confidence to processors that harmful pathogens (e.g. E. coli O157:H7, Salmonella, etc.) are controlled, eliminated or reduced to acceptable levels, there is a continuing concern for post-thermal processing contamination and/or growth of harmful pathogens.
For ready-to-eat (RTE) processed meat products, Listeria monocytogenes contamination is a significant concern in the period after the product has been thermally processed and before it has been packaged. This concern can be mitigated through a variety of methods such as sanitation programs, food safety programs, antimicrobials, etc. This pathogen can also be controlled by reducing the water activity of the product to a level that doesn’t support the growth of Listeria monocytogenes post-thermal processing (Figure 5.6).
Definitions
Aerobic conditions: Conditions under which molecular oxygen is present (e.g. product displayed in an open meat case without packaging).
Anaerobic conditions: Conditions under which oxygen is not present (e.g. vacuum-packaged product).
Another pathogen of concern to shelf-stable meat products is S. aureus (both growth of the viable cells and production of toxin if high enough populations were reached during growth). This and other pathogens can be effectively controlled from growing by drying the meat below a certain water level, especially toxigenic microorganisms such as S. aureus. According to the International Commission on Microbiological Specifications for Foods (ICMSF), the water activity limit for Staphylococcus aureus growth is less than 0.83 under aerobic conditions and less than 0.90 under anaerobic conditions (Figure 5.7). However, as noted in a footnote of that book, this criterion is based on optimal growth conditions.
Establishments that choose to use these limits as support for the shelf-stability of their product may cite the International Commission on Microbiological Specifications for Foods criteria as scientific support and would not be required to provide additional scientific support. Alternatively, establishments may be able to support other water activity critical limits, provided scientific data is available to affect the decision-making process. The establishment needs to achieve the water activity of the finished product identified in its scientific-supporting documentation.
The USDA/FSIS “Compliance Guideline for Meat and Poultry Jerky Produced by Small and Very Small Establishments” in 2014 focuses on the production of jerky products, but it also gives some further insight to the FSIS position regarding shelf-stable products. The document outlines two specific points that may also relate to the production of shelf stable dry and semi-dry meat products.
1. Vacuum-packaged products with a water activity level >0.85 and ≤0.91 should be kept refrigerated once the package is opened because it is no longer considered shelf-stable after exposure to oxygen. The loss of the vacuum seal and shelf-stability after exposure to oxygen is mainly a concern for products that will not be consumed within a single sitting. Therefore, unless the processor has specifically designed a single-serving product, vacuum packaged products with a water activity in the range of >0.85 and ≤0.91 should be labeled with a statement such as “Refrigerate After Opening” (as described in 9 CFR §317.2(k)). Regulatory requirements regarding specific serving size is defined in 9CFR §317.312 (Reference amounts customarily consumed per eating occasion).
2. Although the establishment may control the water activity level of a product to achieve shelf-stability, controlling water activity alone would not be sufficient to assure the safety of the product. Drying the product does not necessarily result in an adequate reduction of Salmonella organisms because the pathogen can be resistant to drying. For this reason, the establishment should use a validated lethality treatment.
Establishments should control their processes because pathogens may still be able to survive on a product if it becomes contaminated during handling. Establishments should control their processes to prevent product contamination by pathogens from handling after the lethality and drying steps. Such controls should minimize cross-contamination of product before packaging and post-packaging (i.e. with a good seal to maintain package integrity throughout storage, shipment and display). Preventing cross-contamination is important even if the product is dried to a water activity such that the product is considered shelf-stable. Pathogens may still be able to survive on the product if it becomes contaminated during handling.
Labeling
USDA’s Food Standards and Labeling Policy Book provides general standards for several products that the meat industry must still currently follow, including those producing dry and semi-dry sausages.
Within the written regulatory structure, a variety of documents have been developed through the years that contain several finished product parameters that must be met.
Although moisture:protein ratio is an inappropriate indicator of food safety shelf-stability, FSIS still identifies it as a parameter to be met when producing shelf stable dry and semi-dry sausage products. The USDA provides several standards, most of which do not relate specifically to food safety, for the processed meat industry:
Sausage – Shelf-Stable: Dry sausage must have a Moisture Protein Ratio (MPR) of 1.9:1 or less, unless an MPR is cited under MOISTURE PROTEIN RATIO.
Non-refrigerated, semi-dry, shelf-stable sausage must have an MPR of 3.1:1 or less and a pH of 5.0 or less, unless commercially sterilized or unless an MPR is cited under MOISTURE PROTEIN RATIO. Alternately, non-refrigerated, semi-dry, shelf-stable sausages are those that:
1. are fermented to a pH of 4.5 or lower (or pH may be as high as 4.6 if combined with product water activity no higher than 0.91);
2. are in an intact form or, if sliced, are vacuum-packed;
3. have internal brine concentration no less than 5 percent;
4. are cured with nitrite or nitrate; and
5. are smoked with wood.
Moisture Protein Ratio (MPR) – pH:
Nonrefrigerated or shelf-stable sausages must have an MPR of 3.1:1 or less and a pH of 5.0 or less, unless commercially sterilized. This does not apply to products containing more than 3.5% binders or 2% isolated soy protein.
Moreover, certain dry and semi-dry sausage products must meet a specific moisture:protein ratio. These are also outlined in the USDA’s Food Standards and Labeling Policy Book and are identified with the following products:
Moisture Protein Ratio (MPR):
Ukrainian Sausage..............................................2.0:1
Pepperoni...........................................................1.6:1
Dry Salami .........................................................1.9:1
Dry Sausage.......................................................1.9:1
Genoa Salami ....................................................2.3:1
Sicilian Salami.....................................................2.3:1
Thuringer ...........................................................3.7:1
Italian Salami .....................................................1.9:1
Farmer Summer Sausage...................................1.9:1
While the final pH of dry and semi-dry sausage products is often considered a hurdle, the reality is that many pathogenic bacteria cannot be solely controlled by pH unless the pH is extremely low. Regardless, pH cannot be ignored because of the labeling requirements associated with shelf-stable sausage. According to USDA/FSIS, a non-refrigerated, semi-dry, shelf-stable sausage must have a pH of 5.0 or less.
As noted earlier, the moisture:protein ratio is an inappropriate indicator of food safety/ shelf-stability. So, it is now more closely associated with product labeling and processors are advised to not include the moisture:protein measurement in their HACCP system. If the product is required to adhere to a specific moisture:protein ratio, processors may choose to randomly verify the moisture:protein ratio far less often than they would if it was required by their HACCP system.
It is advisable that dry and semi-dry sausage producers review the USDA’s Food Standards and Labeling Policy Book regularly to determine if their products have any updated or specific labeling requirements.
Scientific supporting documentation
As part of a functioning HACCP system, establishments must provide scientific supporting documentation that the chosen critical limit will provide control measures to adequately address the hazard(s) identified. Scientific support can be in the form of:
• Theoretical principles
• Expert advice from processing authorities
• Scientific data
• Peer-reviewed journal articles
• Regulatory requirements
• Pathogen modeling programs
• Text books, educational resources and other pertinent information
Through the years, FSIS has continued to scrutinize the scientific supporting documentation provided by meat/poultry processing establishments. According to FSIS, the scientific supporting documentation must closely match the actual process and product. Establishments should:
• Identify supporting documentation that closely matches the actual process (e.g. published processing guidelines, journal articles and challenge studies)
• Identify supporting documentation that provides adequate support for the hazard identified in the hazard analysis
• Identify the critical operational parameters from the supporting documentation relevant to the establishment’s commercial process
In May of 2013, FSIS published draft guidance material titled “FSIS Compliance Guideline HACCP Systems Validation.” The guidance document was designed to help the meat industry meet the initial validation requirements in 9CFR §417.4. Within this guidance document, USDA/FSIS describes the topic of scientific supporting documentation in extensive detail.
If processors choose to produce semi-dry sausage products under a fully cooked, not shelf-stable HACCP plan, the scientific supporting documentation is relatively easy to secure. Most processors would choose to use the lethality guidelines in USDA/FSIS Appendix A (“Performance Standards for the Production of Certain Meat and Poultry Products”) the stabilization guidelines in USDA/FSIS Appendix B (“Compliance Guidelines for Cooling Heat-Treated Meat and Poultry Products”).
As a specific process to produce dry and semi-dry sausage products becomes more unique, the complexity of the HACCP system increases. This is especially true when products are made to be shelf stable. Several years ago, FSIS published educational materials to provide training for its personnel to reinforce the understanding of how to perform food safety duties. The training – Food Safety Regulatory Essentials Training (FSRE) – is based on the issued FSIS Directive 5000.1, Revision 1, “Verifying an Establishment’s Food Safety System.” Within the FSRE HACCP for Shelf-Stable Products, FSIS published a document titled “Principles of Preservation of Shelf-Stable Dried Meat Products” containing the following information.
The main objective in the formulation and processing of a shelf-stable, dried meat product is to arrive at a combination of hurdles that favor desirable microorganisms over undesirable microorganisms while also maintaining a consumer-acceptable product. There are many combinations of hurdles that can achieve product stability (Figure 5.8).
Typical fermented sausages have been categorized as either:
• “very perishable” (pH > 5.2; aw > 0.95),
• “perishable” (pH 5.2-5.0 or aw = 0.95-0.91), or
• “shelf-stable” (pH < 5.2 and aw < 0.95 or only pH < 5.0 or only aw < 0.91) according to their respective pH and aw assuming typical levels of the other hurdles such as salt, curing agents, etc.
The critical limits FSIS reported for shelf-stable meat products were originally published in a book titled Water Relations of Food (ISBN: 0-12-2231503). The specific chapter was titled “The Significance of Water Activity for Micro-organisms in Meat” authored by L. Leistner and W. Rödel.
FSIS has since rescinded that version and rewrote the FSRE document to exclude those shelf stability parameters. Essentially, FSIS determined that the shelf stability parameters outlined within the Leistner and Rödel chapter were not supported by any data and/or scientific evidence. Therefore, processors should not use this reference or parameter as their supporting documentation or as their food safety and/or shelf stability critical control limits. This left some shelf-stable meat processors searching for new scientific supporting documentation.
Currently, several forms of scientific supporting documentation exist that processors can readily locate and utilize. A variety of microbiological hazard information is found in the book titled “Microorganisms in Foods 5: Characteristics of Microbial Pathogens,” which was written by the International Commission on Microbiological Specifications for Foods (ICMSF). The focus of the book was to assemble detailed information relating to foodborne pathogens in order to make it readily accessible to those who wish to employ the HACCP system for the control of microbial hazards. FSIS has acknowledged that the microbiological data contained within that book is credible and can be used as scientific supporting documentation.
Other scientific supporting documentation has been published by the University of Wisconsin-Madison. They have also developed a modeling program that can be used by the meat industry as supporting documentation to predict shelf stability. The peer-reviewed, published research articles used to support the shelf stability predictor modeling program include:
• Predicting growth-no growth of Staphylococcus aureus on vacuum-packaged ready-to-eat meats
• Predicting growth-no growth of Listeria monocytogenes on vacuum-packaged ready-to-eat meats
To establish their models, the researchers collected compositional (including pH and aw) and S. aureus growth data on 34 RTE products to develop S. aureus growth equations for predicting shelf stability. The equations were created based on pH and aw or pH and the percentage of water phase salt (WPS). This study also provided insight into the appropriate combination of pH and aw to produce shelf stability. Based on the results, as it was determined that the pH and aw critical parameters outlined in USDA, FSIS training guidance materials would provide shelf stability and may be considered conservative. Although the results of this study provided scientific insight into shelf stability, the study largely focused on generating a predictive model, but it did not validate specific pH/aw combinations. Thus the study’s practical impact is limited.
The University of Wisconsin Meat Science Laboratory recently completed research focusing on validation of pH/aw combinations to achieve shelf stability. By developing snack sausage treatments with varying levels of pH and water activity, the researchers identified validated critical parameters for shelf stability. Those parameters are any product possessing a pH less than 5.1 as well as a water activity of less than 0.96 (Tilkens, B.L, A.M. King, K.A. Glass, and J.J. Sindelar. 2015. Validating the Inhibition of Staphylococcus aureus in Shelf Stable Ready-to-Eat Snack Sausages with Varying Combinations of pH and Water Activity. Journal of Food Protection 78(6): 1215-1220).
Over the past several years there has been increased interest from meat processors that would like to produce dry and semi-dry sausage products. Oftentimes, this interest is associated with the desire to produce these products without any lethality step and under a not heat-treated, shelf-stable meat product HACCP plan. This has been met with considerable hesitation by FSIS and the responsibility to prove that this processing practice is safe falls on the shoulders of the meat processor. It has become increasingly difficult to locate and identify scientific supporting documentation regarding this type of processing. In many cases, very unique challenge studies would have to be performed that closely mimic the product, formulation, processing procedures, etc. to provide scientific supporting evidence that the products made in such a manner are safe to consume.
A challenge or inoculated pack study is designed to determine the lethality or stabilization of a process. Such a study is performed in a laboratory or pilot plant by a processing authority or expert. The documentation on file (by the processing establishment) should specify the level of pathogen reduction, elimination, or growth control (e.g. for stabilization); describe the process, including all critical parameters affecting the reduction or elimination; and give the source of the documentation. Such studies are often not published in peer-reviewed journal articles because they are proprietary, but should contain the same level of detail as is provided for peer-reviewed studies. These challenge studies can be quite costly to the processor, but may be the only option available to processors who decide that they would like to produce very unique and dry and semi-dry sausage products.
In conclusion, the establishment should evaluate scientific supporting documentation to determine whether the documents are sufficiently related to the process, product, and hazard identified in the hazard analysis within the HACCP plan. The supporting documentation should be complete and available for FSIS review so that USDA/FSIS personnel can also determine whether the support is sufficiently related to the actual process. Failure to take these steps often raises questions about whether the HACCP system has been adequately designed and validated.
Dr. Jay Wenther, director of meat technology at Handtmann Inc., and Dr. Jochen Weiss, professor at the University of Hohenheim, Germany.
Introduction
A variety of technological advances affecting process efficiency, system automation and labor reduction constantly are being developed to improve the safety and quality of dry and semi-dry sausage products. Improvements have been made to optimize the production and product efficiency through additional automation and labor reductions. Additionally, commercial processors continuously search for new technologies that will let them expand their production requirements without negatively impacting the quality of their old-world, traditional products.
This chapter contains an overview of some more recently available technologies currently being used for production in the dry and semi-dry sausage category.
Frozen meat cutting technology
For processors of dry and semi-dry sausage products, raw material handling techniques and precise temperature control are critical for ensuring a quality finished product with appealing particle definition and lack of smearing. While some processors in the processed meat industry temper/thaw their raw materials prior to production of sausage products (e.g. frankfurters and smoked sausage), processors of dry and semi-dry sausage products typically like to have them as cold as possible.
Some processors use frozen meat cutters to avoid tempering their raw product prior to use. These frozen meat cutters can be purchased with cutting drums or guillotine-type knife configurations that allow frozen meat blocks, such as a 50- to 60-pound meat box typically used in the United States, to be sliced into small pieces and very clear-cut sections in preparation for further processing in the bowl chopper (silent cutter), grinder or mixer. Newer frozen cutters also reduce energy consumption.
Many designs of frozen meat cutters are currently available. Some machines utilize a conveyor system to deliver the frozen meat block to the cutting mechanism, others use a gravity-type feeding system, and still others utilize a meat block clamping device. Processors also often use conveyor systems, metal detection equipment and other technologies to complete the frozen meat cutting section of their processing operation.
Most frozen meat block cutters have the ability to function with raw material temperatures of 23°F/-5°C to -13°F/-25°C and thereby maintain colder raw material temperatures that greatly improve the quality of the final dry or semi-dry sausage product.
Precision filling technology
Through the years, suppliers of particular capital equipment to the food processing industry have continued to hone their development of new technology so it more closely applies to specific applications. While some processors need a vacuum filler for a variety of production applications (e.g. frankfurters, large diameter sausage, small diameter sausage or restructured ham), other processors need a vacuum filler for a very specific, sometimes even singular, production application (e.g. snack stick links, summer sausage chubs and salami). Therefore, processors may choose to purchase a vacuum filler that directly fits their unique production requirements and recognize the benefits of making such a decision.
A standard meat pump for a Handtmann VF620/VF628 has 12 vanes. Although the portion accuracy of this meat pump is still +/-1%, another meat pump is available that provides even better portion accuracy. The Handtmann VF624 has 16 vanes and was designed specifically for small-portion, small-caliber cooked snack stick products
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Very precise and sometimes specialized vacuum fillers are currently available to the meat industry.
A meat pump design that features optimized geometry for the smaller vane cell chambers operates with a servo-controlled filling pressure of 72 bar to ensure delivery of hyper-accurate and adjustable small caliber portioning for firm and cold products such as meat snack sticks, producing 325 portions per minute. Because these products feature a cold, stiff sausage batter, the smaller vane cell chambers better ensure the complete filling of sausage batter to provide uniformity and accurate product weight.
This kind of specially designed precision filling technology is extremely useful when producing small-diameter, snack stick link products (i.e. with twisted ends). The link length and weight variation is minimized, decreasing potential visible variation of the final product in the package and almost eliminating product give-away.
To better understand the accuracy benefits of the smaller vane cell technology and higher filling pressure, data was collected on individual, raw snack sticks that were stuffed at approximately 28°F-29°F/ -1.6°C- -2.2°C to demonstrate the differences between the two filling technologies (Figure 6.1).
Handtmann VF628
VF628 vanes: 12
Minimum weight: 44.0 gm
Maximum weight: 46.9 gm
Standard deviation: +/- 0.83 gm
Handtmann VF624
VF624 vanes: 16
Minimum weight: 44.7 gm
Maximum weight: 45.8 gm
Standard deviation: +/- 0.23 gm
Inline grinding technology
Today’s basic inline grinding system technology has been on the market for many years. Further development on the part of the machine manufacturers, who applied their technical know-how to enhance their filling machines with grinding components, resulted in breakthroughs for this innovative technology which has been described as “revolutionary” in the technical literature.
With many premium products, especially salami, now requiring even better quality meat particle definition, more processors are exploring the many product-related advantages and realizing its substantial processing, equipment and efficiency advantages as well.
Video 6.1 (Watch online here)
Inline grinding technology has made a positive wave through the meat and poultry industry and rightfully so (Figure 6.2). Inline grinding systems consist of a vacuum or high-vacuum filler enhanced with grinding components attached to a vacuum stuffer to provide a continuous stuffing and final grinding process. The operating principles of all inline grinding systems are very similar. In contrast to conventional grinders that use an auger to convey the product forward into the knives and grinder plates, inline grinding system technology utilizes the constant pressure that is built up by means of positive displacement from the meat pump. This allows the grinder knives and plates to function at 100% capacity, which in turn translates to a higher cutting quality and consistency with less mechanical stress on the raw material than with conventional grinding systems.
Regular, consistent pressure on the entire surface of the grinder whole plate enables a clean cut by the ring knife without product swirling. It also prevents abrasion and product smearing. Moreover, research has shown that any heat generated by friction during the inline grinding process is dissipated more effectively. With inline grinding technology, processors should expect a minimal temperature rise (i.e. less than 2°F) throughout the grinding process.
Though it may be counterintuitive, a smaller number of cutting set parts (i.e. grinder knives and plates) does not necessarily result in either a lower thermal load or higher product output. The inline grinding process does, though, change the mechanical properties of the raw material; that change may be managed by adjusting the number of cutting revolutions in the process and the cutting tools that are used.
The following inline grinding design issues must be taken into account when considering inline grinding technology:
• The number of holes per grinder plate
• The thickness of the grinder plate
• The geometry of the grinder knife blades
• The effect of the sharpness of the grinder knife blades and grinder plates
• The cutting rotation speed
• The number of blade arms at each cutting level
Modern inline grinding technology systems meet the most demanding standards for raw material processing quality and supports the highest end product quality when compared with products produced using conventional grinders. Therefore inline grinding is now widely used by the industry to produce the uniform, clear but coarse product appearance consumers expect.
Occasionally during the production of dry and semi-dry products (e.g. pepperoni and salami) that are stuffed at extremely cold temperatures (i.e. 24°F/-4.4°C), a smeared, light strip in the core of the product can appear. By utilizing specific bone collection grinder knife technology, this white center can be eliminated. Grinder knife and plate components have an effect on the fat particle size distribution and research confirms the final grain size of semi-dry sausage (i.e. salami) is largely determined by the grinder plate hole diameter of the final plate.
Incorporating inline grinding technology as part of the processing procedure can also reduce a potential processing step. For example, consider the production of a salami product. Traditionally, the meat would be pre-ground, mixed with non-meat ingredients, ground again to achieve the final particle definition, and then stuffed. In the case of a processor with inline grinding technology, meat trimmings can be pre-ground (e.g. half-inch or approximately 12 mm), mixed with spices and other non-meat ingredients, and then directly transported to the stuffer hopper. The meat pump conveys the seasoned meat product into the inline grinding technology. The inline grinder works directly with the meat pump flow rate and takes the seasoned meat product from a 12 mm size, through a sickle grinder plate, then through a 6-arm knife, through a 6 mm grinder plate, through an a-arm separator grinder knife (i.e. bone collection knife), then through a 3 mm grinder plate and finally stuffed into the casing.
Inline grinding technology also can include automated bone collection if the processor chooses. Bone collection systems are typically controlled by electronic and pneumatic functions dictated by the vacuum filler. This enables the operator to program extraction intervals to efficiently remove hard pieces of bone and collagen, for example, from the sausage batter during vacuum filling. Due to the integrated nature of the bone collection system with the vacuum filler technology, operators adjust for the specified amount/volume of material that is removed by the bone collection system by that same amount/volume in the filling product from which the material was removed. For example, if 10 grams of material are removed while stuffing a summer sausage chub, the vacuum filler will automatically increase the portion size of that same summer sausage chub by 10 grams. Therefore, portion accuracy is maintained while still removing the undesired hard materials in the sausage batter.
Continuous process alginate co-extrusion technology
A few years after the new century began, innovative continuous process technology was introduced to the processed meat industry. Continuous processing constantly creates and applies an alginate skin casing around an unbroken rope of sausage batter, effectively replacing conventional pre-formed casings.
Alginate co-extrusion systems consist of two vacuum fillers: one for the sausage batter and one for the alginate casing that encompasses the meat batter. Both vacuum fillers must work in unison to provide a regular product flow (meat batter and alginate) under continuous pressure. The co-extrusion head is engineered so that as the alginate flows through the co-extrusion head, a thin layer of alginate is applied uniformly around the filling product. The alginate thickness and color may be adjusted to meet the processor’s end-product quality specifications.
Currently, some European processors utilize the alginate co-extrusion technology for a variety of applications, including several in Poland that are producing cooked, semi-dry Cabanossi products
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The product then travels through a fixation bath that cascades a calcium chloride solution over the alginate casing. The reaction of the sodium alginate and the calcium ions (from the calcium chloride solution) transform the alginate from a gel or paste to a solidified (fixated) alginate casing. The calcium alginate is the sausage skin or casing and it is water-insoluble and heat-resistant. After the product is transported through the calcium chloride fixation trough, it continues into a simple belt design that gives processors the flexibility to produce individual links via a portioning/cutting system or allow the product to be looped onto a hanger.
End-product sausage diameters of the alginate co-extrusion technology can range from 8 mm to 32 mm. One of the unique features of the alginate co-extrusion system is that it gives the processors the ability to produce snack stick products with a much smaller diameter compared to snack stick products produced in traditional collagen casing. Co-extrusion snacks sticks can be produced as small as 8 mm in diameter. In contrast, snack sticks traditionally produced in collagen casings typically are only stuffed in a diameter as small as 13 mm. Therefore, this alginate co-extrusion technology provides meat processors an opportunity to develop and market a very unique meat snack stick. Through the years, the alginate co-extrusion system has continued to include more adaptations and attachments, such as a hanging unit to produce dry sausage products.
Other European processors are using alginate co-extrusion technology to produce a variety of mini-salami type products and molded snack meat products.
Continuous process alginate co-extrusion link technology
In 2013, the processed meat industry was introduced to further alginate co-extrusion technology advances with the release of an alginate co-extrusion linking/hanging system. This system combines the alginate co-extrusion technology with an automated voiding (i.e. linking) and hanging system. The system includes a revolutionary co-extrusion head and voiding technology that links the product and then hangs it individually or in multiple link groupings, as desired.
ConPro Link technology used to produce semi-dry snack sticks.
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The primary difference between the traditional alginate co-extrusion technology and the new alginate co-extrusion link technology is the product-end form. Traditional alginate co-extrusion technology does not have the ability to fully enclose the ends of the product with alginate casing. The new alginate co-extrusion link technology can produce product with fully closed, linked ends like traditional casing.
The alginate co-extrusion link technology produces product in a wide caliber range – from 10 mm to 28 mm in diameter compared to conventional alginate co-extrusion technology that produces diameters ranging from 8mm to 32mm. More specifically, the newer alginate link technology can hang product from 10 mm to 21 mm in diameter. For product diameters 23 mm to 28 mm, it is recommended that link product not be hung. The larger diameter linked product may be trayed product such as bratwurst with closed ends.
Features of the alginate co-extrusion link technology include:
• Continuous sausage production for linked fine and semi-coarse sausage products with well-formed, closed ends;
• Process reliability regarding portioning capacity, weight accuracy, length consistency and product presentation;
• Significant cost savings due to innovative alginate casing technology; and
• A high level of automation and easy operation.
Automation using filling/hanging technology
Some processors want more automation in their operation but cannot fully justify the investment based on their production volume of one particular product. In this situation, the equipment must fulfill several functions that deliver more efficiency by improving production, reducing labor, simplifying operations or delivering value in some other way. Equipment flexibility, therefore, is a rapidly emerging priority for many processors.
Depending on which technology is chosen, processors can turn certain features on and off depending on the product they are producing. For example, some sausage linking technology can be used to produce natural or collagen fresh sausage (e.g. bratwurst and breakfast sausage) that can be cut automatically into individual links.
On the other hand, the cutting block either may be physically removed from the machine or simply turned off, a hanger can be attached, and then a processor can utilize the sausage linking technology system to hang sausage for the production of linked, hung sausage products (e.g. smoked sausage).
The transport belts hold the sausage product tightly while a twist is made before it automatically transports it to the automated hanger.
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For unique applications, processors may utilize the previously described machine configuration to make non-clipped, medium diameter (i.e. 35 mm-45 mm) summer sausage products. The transport belts hold the sausage product tightly while a twist is made before it automatically transports it to the automated hanger. The summer sausage product is hung at the twisted loop, eliminating the clipping of each individual sausage and creating the opportunity to increase the operational efficiency by using shirred fibrous casings.
Automated hanging technology
Automatic hanging technology is connected mechanically and electrically to a clipper and a vacuum filler to provide an integrated filling, clipping and hanging solution for processed meat products. The meat sticks are automatically taken from the stick loader and brought to the loading position. A special finger takes the product loop directly to the separating area of the clipper. The product is then transported to the end of the conveyor and taken to the automated hanger unit. Products are then placed automatically on the smokehouse stick at uniform, pre-selected intervals. When the smokehouse stick is fully loaded, it is moved to the discharge buffer while the automated hanger unit places another empty smokehouse stick in the loading position.
Automated hanging line.
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Because the movement of loaded sticks is not typically automated and they are repetitively moved by employees, processors should consider ergonomics and the weight of individual pieces and the total weight of a fully loaded smokehouse stick. In many cases, automated hanging systems are letting some processors make semi-dry salami logs that weigh as much as 10 pounds apiece. In other instances, processors produce semi-dry summer sausage products that consist of multiple pieces/chubs per hanging loop. Some automatic sausage loading technologies use robotics to continuously place loaded smokehouse sticks onto smoke trucks.
String tying technology
The production of dry and semi-dry sausage products has advanced with automation technologies through the years, but some processors want to increase production speed while maintaining the old-world appearance of their product by using string to tie the ends of their sausage products. Of course, this can be extremely labor-intensive if done manually.
Several years ago, machines that provide the appearance of hand-tied sausage became available. Instead of linking the sausage product at the vacuum filler, the sausage is stuffed in a continuous rope and then manually fed into the tying machine, where it is automatically tied to meet the product specifications. After the product is initially fed into the machine to begin the tying process, a conveyor continues to pull the product through the machine without operator assistance.
This string tying technology allows the processor to tie natural or artificial casings and it operates independently of the vacuum filler. So as one operator is stuffing the sausage, another may be feeding the tying machine and hanging the sausage.
Quick-Dry-Slice technology
In the manufacturing of dry sausage products by traditional methods, the drying stage, whose timing varies based on the diameter and characteristics of the product as well as environmental factors, is the most time intensive part of the process. During drying and maturing, the product undergoes a dehydration process that is accompanied by a series of biochemical reactions produced by endogenous and microbial enzymes. Those, in turn, break down lipids and proteins to provide the product its characteristic texture and flavor. Any deviation in this process may result in undesired consistency, color and flavor variations.
In conventional dryers, dry air is injected by nozzles located in a series of perimeter conduits, and the moist air is returned through a series of centrally mounted conduits located on the ceiling of the drying chamber. The design of these dryers causes the air passing over the meat products located next the nozzle exits to have different properties than the air passing over the products in other parts of the dryer.
A new drying technology was recently introduced for slices of meat products after fermentation, in which the drying process consists of a convection phase followed by a vacuum drying phase (i.e. Quick-Dry-Slice, or QDS, process).
In this QDS drying method technology, the sausages are subjected to a fermentation step until they attain the required pH. They are then frozen, sliced and subjected to a process that uses a convective drying stage and a subsequent vacuum drying stage. With this process processors reportedly may obtain the desired water content and texture in just 30 minutes.
The QDS system, developed by Metalquimia S.A., was designed with continuous production in mind. The system consists of a charging zone for frozen slices, a tempering and pre-drying zone with forced air circulation and a vacuum drying zone in which the required moisture is extracted from the slices. Finally, depending on the exit temperature of the slices, the product is tempered again prior to being packaged in order to prevent condensation or adherence of fat to the packaging. The slices are placed on a stainless steel belt designed to facilitate the extraction of moisture from the slices, both during drying by forced convection and during the vacuum drying phase. The air used for drying and tempering during the forced convection stage is purified by means of a high-efficiency particulate air (HEPA) filter to minimize contamination of the air coming into contact with the product.
In addition, the speed of the tempering and drying process may be adjusted by controlling the temperature, relative humidity and velocity of the air passing over the product. The vacuum drying stage is controlled mainly via the operating pressure and the heating temperature. The different parts of the process are linked with one another by means of conveyor belts and slice loading/unloading mechanisms. The complete process is controlled by a PLC, which additionally enables monitoring and recording of the control parameters.
Consumer demand for dry and semi-dry sausages is thriving globally, and the market is a promising one for processors interested in expanding into the niche.
Despite centuries of proven methods to produce these sausage products, the category remains one of the more challenging to master, as many processing steps are unique to this type of manufacturing.
Although numerous products with widely varying attributes exist in the dry and semi-dry sausage category, one thing is clear: These products are in demand now more than ever on consumers’ plates both at home and across the foodservice sector.
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Due to the constantly changing nature of meat production techniques and the regulatory environment, the authors and owners of this content acknowledge that this publication is designed only to provide reasonably accurate and authoritative information in regard to the subject matter covered based on the authors’ awareness of current standards and practices at the time of publication. This e-book has been developed for meat and poultry processors to utilize only as a general guide.
It is extremely crucial that each establishment develops its own processing techniques and implements food safety programs that comply with applicable laws and regulations and accurately outline the unique processing activities that take place in its establishments.
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