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						1. Introduction
					
				

			

			
				
					
						The new dietary guidelines for Americans and the new food guide pyramid
					
				

				
					
						issued by the U.S. Department of Agriculture (USDA) and the Department of
					
				

				
					
						Health and Human Services (DHHS) recommend a diet low in fat, saturated
					
				

				
					
						fat, and cholesterol. Following the guidelines does not mean omitting animal pro-
					
				

				
					
						ducts from diets. Meat is not only a ﬂavorful product, but it also provides protein
					
				

				
					
						and essential minerals and vitamins, especially B vitamins (1). Meat consump-
					
				

				
					
						tion varies with social, economic, political, and geographical differences on a
					
				

				
					
						worldwide basis. Income is an important factor affecting demand for meat (2).
					
				

				
					
						This article discusses several aspects of processed meat products including
					
				

				
					
						meat processing ingredients, procedures, and machinery; hazard analysis critical
					
				

				
					
						control point; fat reduction in meat products; sous-vide processing; economics;
					
				

				
					
						nutritional labeling; and health and safety concerns.
					
				

			

			
				
					
						2. Meat Processing Ingredients
					
				

			

			
				
					
						2.1. Meat. 
					
					
						The primary ingredient in processed meats is meat itself. The
					
				

				
					
						contents of myoﬁbrillar, sacroplasmic, and stromal proteins within the meat pro-
					
				

				
					
						ducts determine the characteristics of the ﬁnished meat product. The ability of
					
				

				
					
						various meat ingredients to provide extractable protein for functionality in bind-
					
				

				
					
						ing water and fat as well as in the cohesion of meat particles varies tremen-
					
				

				
					
						dously. The structure and composition of muscle varies greatly with the
					
				

				
					
						anatomy of individual animal as well as with the species. Certain aspects of
					
				

				
					
						the anatomy that are high in collagen provide ingredients that are of little
					
				

				
					
						value from the standpoint of protein functionality. If this meat is to be used in
					
				

				
					
						processing of comminuted meat products, it is often necessary to combine it
					
				

				
					
						with meats that have a lower content of stromal protein.
					
				

				
					
						The sacroplasmic proteins myoglobin and hemoglobin are responsible for
					
				

				
					
						much of the color in meat. Species vary tremendously in the amount of sacroplas-
					
				

				
					
						mic proteins within skeletal muscle with cattle, sheep, pigs, and poultry listed in
					
				

				
					
						declining order of sarcoplasmic protein content. Fat is also an important compo-
					
				

				
					
						nent of meat products. The amount of fat in a portion of meat varies depending
					
				

				
					
						on the species, anatomy, and state of nutrition of the animal. The properties of
					
				

				
					
						processed meat products are greatly dependent on the properties of the fat
					
				

				
					
						included. Certain species, such as sheep, have a relatively higher proportion of
					
				

				
					
						saturated fat, whereas other species, such as poultry, have a relatively lower pro-
					
				

				
					
						portion of saturated fat. It is well known that the characteristic ﬂavors of meat
					
				

				
					
						from different species are in part determined by their fat composition.
					
				

				
					
						2.2. Salt. 
					
					
						Salt is a common nonmeat ingredient added to meat products.
					
				

				
					
						Meat products may vary in salt content from 1–8%. In addition to enhancing the
					
				

				
					
						solubilization of the myoﬁbrillar protein, salt gives ﬂavor and has a preservative
					
				

				
					
						effect by retarding bacterial growth. The amount of salt used depends on the ﬁn-
					
				

				
					
						ished product characteristics desired by the meat processor. The vast majority of
					
				

				
					
						cooked sausage products contain approximately 2–3% salt. Myoﬁbrillar proteins,
					
				

				
					
						which signiﬁcantly affect meat product texture, are soluble only in salt solutions.
					
				

			

			
				
					
						1
					
				

			

			
				
					
						Kirk-Othmer Encyclopedia of Chemical Technology. Copyright John Wiley & Sons, Inc. All rights reserved.
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						The effect of ionic strength on meat protein solubilization plays a signiﬁcant role
					
				

				
					
						in the production of sectioned and formed, minced, and ﬁnely comminuted meat
					
				

				
					
						products.
					
				

				
					
						2.3. Water. 
					
					
						Water is often added to processed meat products for a variety
					
				

				
					
						of reasons. It is an important carrier of various ionic components that are added
					
				

				
					
						to processed meat products. The retention of water during further processing of
					
				

				
					
						meat is necessary to obtain a product that is juicy and has higher yields. The
					
				

				
					
						amount of water added during the preparation of processed meat products
					
				

				
					
						depends on the ﬁnal properties desired. Water may be added to a meat product
					
				

				
					
						as a salt brine or as ice during the comminution step of sausage preparation.
					
				

				
					
						2.4. Phosphate. 
					
					
						Sodium tripolyphosphate [7758-29-4], sodium pyropho-
					
				

				
					
						sphate [7722-88-5], disodium phosphate [7558-79-4], and sodium acid pyropho-
					
				

				
					
						sphate [7758-16-9] alone or in combination are used at varying levels in meat
					
				

				
					
						products. Generally, the use of phosphate is restricted to an amount that results
					
				

				
					
						in not more than 0.5% in the ﬁnished meat product. When used in combination
					
				

				
					
						with salt, alkaline phosphates enhance the ability of myoﬁbrillar protein to bind
					
				

				
					
						water during heat processing (3). It is thought that the mechanism of action of
					
				

				
					
						the alkaline phosphates is to break the bond between myosin and actin within
					
				

				
					
						the myoﬁbril. In addition, the alkaline phosphates affect meat hydration by
					
				

				
					
						increasing the pH and ionic strength. By raising the pH of meat there is an
					
				

				
					
						increase in negative charges on the myoﬁbrillar proteins. The negative charges
					
				

				
					
						on adjacent myoﬁlaments repel each other, thereby allowing more space for
					
				

				
					
						water to be entrapped within the gel structure.
					
				

				
					
						2.5. Nitrite. 
					
					
						Sodium nitrite [7632-00-0] is added to cured meat products
					
				

				
					
						to ﬁx their color and ﬂavor, to inhibit Clostridium botulinum growth and toxin
					
				

				
					
						formation (4), and to stabilize lipids against oxidation (5). When nitrite is added
					
				

				
					
						to meat for the purpose of curing, less than 50% of that added can be analyzed
					
				

				
					
						after the completion of processing (6). The processor may add up to 200 ppm of
					
				

				
					
						sodium nitrite.
					
				

				
					
						The level of sodium nitrate is not to exceed 500 ppm in the ﬁnished product
					
				

				
					
						(7). Many cured meat items contain only a few parts per million when they are
					
				

				
					
						consumed. The nitrite has either been lost from the meat to the atmosphere or
					
				

				
					
						remains in the meat as a reaction product undetectable by current analytical
					
				

				
					
						methods. When nitrite is added to meat products it reacts with the myoglobin
					
				

				
					
						and hemoglobin of trapped red blood cells to stabilize meat color to the cured
					
				

				
					
						form. Initially, the color changes from the purple-red of myoglobin to the
					
				

				
					
						brown of metmyoglobin. Eventually the color is converted to the rather dark
					
				

				
					
						red of nitric oxide myoglobin. When heated, this compound is converted to the
					
				

				
					
						pigment of nitrosylhemochrome, which is pink.
					
				

				
					
						To assure safe use of nitrite, labeling must include name of additive, con-
					
				

				
					
						centration, and in the case of retail packaging, the label must bear a statement
					
				

				
					
						to keep out of reach of children.
					
				

				
					
						2.6. Extenders. 
					
					
						Extenders are used in the processing of some meat pro-
					
				

				
					
						ducts. The desirable functional properties of extenders are that they must be
					
				

				
					
						good binders of water, good binders of fat, commercially sterile, free from objec-
					
				

				
					
						tionable ﬂavors and taste, appropriately colored, and readily available at compe-
					
				

				
					
						titive prices. Extenders are available from both plant and animal sources. Wheat
					
				

				
					
						gluten is a good water binder and holds two to three times its own weight of
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						water. If used beyond the 3% level, it tends to give a rubbery texture to sausage.
					
				

				
					
						Rusk, a bread-type product which is recrumbled, is an extremely good water
					
				

				
					
						absorber prior to cooking, but tends to exude some of this water after the product
					
				

				
					
						is held for some time. Soy ﬂour (50% protein), soy protein concentrate (70% pro-
					
				

				
					
						tein), and soy protein isolate (90% protein) are usually used as a powder in ﬁnely
					
				

				
					
						chopped meat products. Sodium caseinate [9005-46-3], a water-soluble form of
					
				

				
					
						the dried milk protein, is a good fat binder and its protein level usually exceeds
					
				

				
					
						90%. Blood plasma is also used in some parts of the world in the processing of
					
				

				
					
						meat products. Blood plasma must be prepared and included in meat products
					
				

				
					
						under highly sanitary conditions (8).
					
				

				
					
						2.7. Seasonings. 
					
					
						Seasonings which include spices, herbs, aromatic
					
				

				
					
						vegetables, ﬂavor enhancers, and simulated meat ﬂavors, may inﬂuence ﬂavor,
					
				

				
					
						appearance, or shelf-life of meat products. The most commonly used spices in
					
				

				
					
						meat products are peppers (ground black, white, or red), nutmeg, mace, ginger,
					
				

				
					
						cardamom, celery, cumin, dill, and mustard. An example of a ﬂavor enhancer is
					
				

				
					
						monosodium glutamate [142-47-2]. It brings out and intensiﬁes the species ﬂavor
					
				

				
					
						of the meat product. Hydrolyzed vegetable proteins have more ﬂavor of their own
					
				

				
					
						which can be described as a meaty or beefy (8).
					
				

				
					
						2.8. Curing Accelerators. 
					
					
						The main function of curing accelerators is
					
				

				
					
						to accelerate color ﬁxing or to preserve color of cured meat products during sto-
					
				

				
					
						rage. Curing accelerator agents permitted in meat processing include ascorbic
					
				

				
					
						acid [50-81-7], erythorbic acid [89-65-6], fumaric acid [110-17-8], glucono delta
					
				

				
					
						lactone [46-80-2], sodium acid pyrophosphate, sodium ascorbate [134-03-2],
					
				

				
					
						sodium erythorbate [7378-23-8], citric acid [77-92-9], and sodium citrate
					
				

				
					
						[68-04-2]. Each of these agents has different legal limits of use in different
					
				

				
					
						cured products. In addition, curing accelerators must be used only in combina-
					
				

				
					
						tion with curing agents.
					
				

				
					
						2.9. Starter Cultures. 
					
					
						A starter culture is required for the production
					
				

				
					
						of fermented sausage and it must possess a unique set of physiological charac-
					
				

				
					
						teristics. A starter culture must (1)betolerantofsalt,(2)growinthepresence
					
				

				
					
						of at least 100-mg nitrite per gram of meat, (3) grow in the range of 26.7–43.38C
					
				

				
					
						(80–1108F) and preferably with an optimum around 32.28C(908F), (4)behomo-
					
				

				
					
						fermentative, (5) not be proteolytic or lypolitic, (6) not produce off-ﬂavor, and
					
				

				
					
						(7) be safe and possess no health risk involved upon its application. Several
					
				

				
					
						microorganisms used as starter cultures for fermented meat products include
					
				

				
					
						Lactobacillus plantarum, Lactobacillus sake, Lactobacillus acidophilus, Aero-
					
				

				
					
						monas X, Aeromonas 19, Micrococcus aurantiacus M-53,andPediococcus cere-
					
				

				
					
						visiae (9).
					
				

			

			
				
					
						3. Meat Processing Procedures and Machinery
					
				

			

			
				
					
						3.1. Mechanical Tenderization. 
					
					
						Sophisticated advances have been
					
				

				
					
						made in improving meat tenderness. Mechanical tenderization involves the
					
				

				
					
						application of blades, knives, pins, or needles to meat via mechanical pressure.
					
				

				
					
						The increase in tenderness associated with mechanical tenderization is attribu-
					
				

				
					
						ted to the partial destruction of connective tissue or the severance of muscle
					
				

				
					
						ﬁbers, which leads to reduced resistance to shear force and mastication. Meat
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						from various species is mechanically tenderized by being passed through a reci-
					
				

				
					
						procating blade-type machine. Sanitation is extremely important. The mechani-
					
				

				
					
						cal tenderizer tends to distribute the microorganisms that are on the surface
					
				

				
					
						throughout the interior of the meat pieces (10).
					
				

				
					
						3.2. Cured Meats. 
					
					
						The term meat curing means the addition of salt,
					
				

				
					
						nitrite and/or nitrate, sugar, and other ingredients for the purpose of preserving
					
				

				
					
						and ﬂavoring meat (11). Cured meat products include ham, bacon, frankfurters,
					
				

				
					
						bologna, and some sausages. The slowest rate of meat curing is performed by
					
				

				
					
						applying the curing ingredients to intact meat pieces in the form of a dry rub.
					
				

				
					
						Such methods of curing are still being used for some meat cuts in certain parts
					
				

				
					
						of the world. It takes a long time for the cure to penetrate into the internal por-
					
				

				
					
						tion of larger meat cuts. With the increased costs of materials and labor, the
					
				

				
					
						amount of meat that is cured in this manner is declining.
					
				

				
					
						Immersion curing is used as an alternative to dry curing. Immersion curing
					
				

				
					
						is still commercially used by some small processors. The meat is placed in a brine
					
				

				
					
						solution for an appropriate period of time until the brine penetrates the entire
					
				

				
					
						portion of meat. It is important not to keep the brine for too long a period of
					
				

				
					
						time because the brine strength is thereby reduced and the brine becomes con-
					
				

				
					
						taminated with meat juices and bacteria.
					
				

				
					
						With injection curing the brine is pumped into the meat with a needle and a
					
				

				
					
						pressurized source of liquid. The brine can be injected either through the arterial
					
				

				
					
						system in some large cuts such as hams, or it can be stitch pumped into the meat
					
				

				
					
						cuts by using a needle that has holes along its length. Both artery and stitch
					
				

				
					
						pumping are performed by hand and are relatively slow procedures. Multineedle
					
				

				
					
						injectors are most widely used in the industry for brine injecting bone-in or for
					
				

				
					
						boneless pieces of meat. The injected meat cuts are subsequently subjected to a
					
				

				
					
						mechanical action such as tumbling or massaging. This mechanical action phy-
					
				

				
					
						sically disrupts the muscle structure, allowing the brine to interact more effec-
					
				

				
					
						tively with the extractable, salt-soluble myoﬁbrillar proteins and to maintain
					
				

				
					
						the extracted proteins in a solubilized state. When the product is heated or
					
				

				
					
						cooked, the solubilized proteins form a gel entrapping the liquid more effectively
					
				

				
					
						within the product. This effective entrapment of moisture leads to a higher yield
					
				

				
					
						and more tender and juicy ﬁnished products (8).
					
				

				
					
						3.3. Sectioned and Formed Products. 
					
					
						The meats that are utilized to
					
				

				
					
						produce sectioned and formed products may be entire muscles, very coarsely
					
				

				
					
						ground meat, or ﬂaked meat. Large sections may be produced by cutting muscle
					
				

				
					
						chunks into sections by hand or using a dicer. Some particles can be produced by
					
				

				
					
						using a plate in a meat grinder that has large kidney-shaped holes. Meat parti-
					
				

				
					
						cles can be produced by using a ﬂaking machine that is capable of varying the
					
				

				
					
						ﬂake size from very ﬁne to coarsely ﬂaked materials. The mechanical energy
					
				

				
					
						that must be applied to the various size of meat pieces and other ingredients
					
				

				
					
						to extract myoﬁbrillar proteins can be provided by a mixer, tumbler, or massager.
					
				

				
					
						Tumbling generally refers to placing meat inside a stainless steel drum that
					
				

				
					
						rotates at such a speed that some of the meat is carried to the top of the drum
					
				

				
					
						and drops down at least one meter onto the meat at the bottom of the drum. This
					
				

				
					
						impact of meat on meat, as well as the friction of one portion abrading another,
					
				

				
					
						has several functions: (1) it aids in abrading the myoﬁbrillar proteins from the
					
				

				
					
						meat surface, (2) it makes the meat more pliable, and (3) it increases the rate
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						of cure distribution. Massaging is generally a less severe mechanical treatment
					
				

				
					
						than tumbling. Massagers come in many sizes and designs. Most models use a
					
				

				
					
						bin similar to a standard meat vat which is equipped with a large motor to
					
				

				
					
						power a vertical shaft that has arms attached to it. The massager slowly stirs
					
				

				
					
						the large chunks of meat to achieve the same results as the tumbler.
					
				

				
					
						3.4. Minced Products. 
					
					
						Many meat products are produced by grinding
					
				

				
					
						or mincing meat to various particle sizes. The products that are included in
					
				

				
					
						this class are sausages of the fresh, fermented, dried, and cooked varieties.
					
				

				
					
						The meat ingredients can be either ground in a mincer or chopped in a bowl chop-
					
				

				
					
						per. If particle deﬁnition and size are to be maintained, the meats should be cold
					
				

				
					
						when either ground or chopped. In order to obtain uniform particle reduction it is
					
				

				
					
						necessary to keep the grinder blades and plates in excellent working condition
					
				

				
					
						and maintain very sharp knives in the bowl chopper. The presence of connective
					
				

				
					
						tissues must be carefully controlled if a high quality product is to result. If the
					
				

				
					
						product is to be cooked and the particle-to-particle binding is to be maintained
					
				

				
					
						during cooking, and the maximum amount of fat and water retained, it is neces-
					
				

				
					
						sary to mix the meat ingredients along with salt so as to extract myoﬁbrillar pro-
					
				

				
					
						teins. The extracted myoﬁbrillar proteins act to bind the particles together and to
					
				

				
					
						trap water and fat during cooking.
					
				

				
					
						3.5. Finely Chopped Products. 
					
					
						The manufacture of ﬁnely comminu-
					
				

				
					
						ted processed meat products is dependent on the formation of a functional pro-
					
				

				
					
						tein matrix within the product. The ability of the protein to successfully entrap
					
				

				
					
						moisture and fat is affected by many factors. These factors include the water
					
				

				
					
						holding capacity of the meat as well as the levels of meat, water, fat, salt, and
					
				

				
					
						nonmeat additives in the formulation. A certain level of fat is important in sau-
					
				

				
					
						sage products since it affects tenderness, juiciness, and ﬂavor. The machines
					
				

				
					
						used to reduce the meat particle size are selected based on the variety and
					
				

				
					
						volume of the operation. Minced sausage production basically ends after commi-
					
				

				
					
						nution by a grinder, bowl chopper, or ﬂaker, whereas the production of ﬁnely
					
				

				
					
						chopped sausage requires additional particle size reduction with more time in
					
				

				
					
						a bowl chopper or passage through an emulsion mill. In the bowl chopper, com-
					
				

				
					
						minution and mixing are accomplished by revolving the meat in a bowl past a
					
				

				
					
						series of knives mounted on a high speed rotating arbor which is in a ﬁxed posi-
					
				

				
					
						tion so that the knives pass through the meat as the bowl turns. Emulsion mills
					
				

				
					
						operate on a principle of one or more rotating knives traveling at an extremely
					
				

				
					
						high speed so that the meat mixture is pulled from a chopper and forced through
					
				

				
					
						one or more perforated stationary plates. The meat is drawn through tiny pores
					
				

				
					
						in these plates, and the mill therefore has the function of reducing the meat and
					
				

				
					
						fat particles to a very small size (2.0 mm or less), producing a smooth batter with
					
				

				
					
						paste-like consistency. This type of consistency is often desired for the ﬁnely
					
				

				
					
						chopped sausages and loaves.
					
				

				
					
						3.6. Fermented Products. 
					
					
						Fermented meat products such as semidried
					
				

				
					
						and dried sausages are generally recognized as safe, if critical points during pro-
					
				

				
					
						cessing are controlled properly. Some of the sausage processors use a small
					
				

				
					
						amount of fermented product as the starter for a new batch of product. This
					
				

				
					
						can be a dangerous procedure due to the potential growth of food poisoning bac-
					
				

				
					
						teria such as Staphylococcus aureus (12). This method of inoculation requires a
					
				

				
					
						very strict condition to assure the absence of not only bacteria associated with a
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