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dedication


For Mom, who fostered my love of food.
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Foreword by Temple Grandin



Because of my work designing systems for humane slaughter, people often ask me about the ethics of eating meat. Early in my career, I thought about this constantly. One day I was standing on a catwalk overlooking pens of cattle that were going to die in the equipment I had designed. A flash of insight went through my mind: All the cattle that are going to be processed in this meat plant would have never existed if people had not bred and raised them. They would have never lived at all.


If we are going to raise animals for meat, however, we owe them a decent life and a respectful death. The Farm Animal Welfare Council in the United Kingdom has stated that an animal raised for food should have a life worth living. Cattle should have access to open land, clean water, and good food. When we harvest an animal for food, its death should be quick, painless, and stress free.


One advantage to butchering on the farm is that all the stress associated with transport and handling in a strange place can be avoided. An animal that dies when it is completely relaxed will provide the best meat; excitement, fear, and agitation that occur at the time of slaughter can toughen beef. Long-term stresses such as long transit time or cattle fighting before slaughter may cause dark cutting beef, a severe quality defect which raises pH and causes the meat to have a shorter shelf life.


There is a growing interest in small-scale processing of beef animals — partially because people are interested in maintaining control over the quality of their meat. Unfortunately, there's relatively little information that is appropriate for people operating at this level, especially those who are slaughtering for the first time. Butchering Beef by Adam Danforth provides easy-to-follow step-by-step instructions for people raising their own livestock to humanely slaughter a beef animal and butcher it with good food safety practices.


I remember vividly the day I killed my first steer. I had difficulty admitting to myself that I had actually done it. Even for experienced processors, though, killing should never become too easy. Taking the life of an animal should always be approached with respect. Many cultures have slaughter rituals because they recognize that killing an animal is not the same as, for example, harvesting grain. Every animal we raise for food should have a life worth living, and every time we kill an animal it is our responsibility to provide a humane and painless death.


— Temple Grandin, author of Humane Livestock Handling and Animals in Translation






Humane Slaughtering Reminders




	For both animal welfare and meat quality, it is essential that your beef animal be rendered unconscious instantly with a single shot from either a rifle or a captive bolt gun. Some people use feed to keep the animal still; while the animal is eating its favorite food, it is shot.


	Be sure to use a caliber of firearm or captive bolt that is appropriate for the size animal you will be slaughtering. A common mistake is to use a firearm or captive bolt that is too small. A .22 long rifle is the minimum required for calves, steers, and heifers. A rifle, due to spiral rifling of the barrel, will provide greater velocity (hitting power) compared to a pistol. Shotguns armed with slugs are preferred by many people. Bulls or bison require heavier firearms.


	If a firearm is used, the muzzle of the gun must be held a minimum of two or three inches away from the forehead.


	More powerful captive bolt guns are expensive but they are also more effective. If a captive bolt is used, I strongly recommend buying a high-quality gun from Bunzl-Koch Suppliers. A captive bolt must be held perpendicular to the animal’s forehead.


	Captive bolt guns must be cared for the same way as the finest hunting rifle. After each use, they must be completely cleaned.


	Cartridges for both captive bolts and firearms should be stored in a dry place. Damp cartridges may cause a captive bolt to lose hitting power.


	For more helpful information, consult the guidelines of the American Meat Institute, American Veterinary Medical Association, the American Association of Bovine Practitioners, or grandin.com. — TG














Introduction


There is no better location to harvest an animal than the land on which it lives. You’re present with the animal, in a calm, familiar environment, during its final moments. Natural surroundings reinforce the normalcy of one animal’s sacrifice for another’s existence. Earth cushions the hard fall of a stunned animal, preventing bruising. Blood fertilizes the field.


Honorable harvesting prioritizes the well-being of the animal; the process resembles nothing of the horror stories — and horrific realities — coming from inside improperly operated abattoirs or industrial-size slaughterhouses. When I’m harvesting an animal, I feel right knowing that I have done everything I can to ensure a natural (albeit domesticated) existence and painless departure for any animal I process. This book will provide you with the same assurances.
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Slaughtering an animal is not for everyone, and trepidation when beginning an education in this kind of work is to be expected. In fact, I would encourage it. A bit of uncertainty will make you slow down and will encourage you to deeply consider the importance of what is about to happen. Speed is for the machines. Act with intent and go slowly. Remember: preventing mistakes by practicing often and working with precision will increase efficiency more than working quickly will. At home there is no need to rush, either in raising the animal or in harvesting it. Slow growth yields a more flavorful meat, and cautious processing yields a nourishing product.


For people raising animals for their own consumption and for those looking to purchase and process animals that have been raised locally, this book is the key to your food freedom. Everything you need to know in order to successfully — and respectfully — slaughter the most common species found on a farm is contained in these pages.


You’ll learn exactly how to prepare animals for slaughter, how to set up a slaughtering and butchering area, how to select the tools and equipment you’ll need to ensure a successful slaughter, and, most importantly, how to stun and bleed animals with the certainty that they are experiencing the least pain and discomfort in these final moments of their lives.


Ensuring the animal’s well-being during the slaughtering process isn’t just about the ethics of humane animal handling; it’s also about producing quality meat. Chapter 1, which focuses on meat science, explains exactly why providing better care, and slaughtering with respect, produces the best quality meat. When aberrations occur — an unsuccessful stun, punctured viscera, or damaged meat — there is comfort in knowing that you did what you could to avoid them. The slaughtering methods in this book focus on ensuring the animal is insensible to pain, not only for the animal’s well-being but also for your own.


Knowing the ins and outs of slaughtering is just the first stage, though; the bulk of this book focuses on butchering the resultant carcasses. It behooves us to maximize the usage of each and every carcass we process, not only for our own return on investment but out of respect for these formerly living creatures. The many different butchering methods covered in this book ensure that you will find a system that works for what you want to eat and how you like to cook. Your favorite cuts are definitely in here, as well as many others that you’ve probably never encountered that might become new favorites. And, of course, there is detailed information on the ideal butchering setup for beef, along with the best options for equipment.


The butchering methods I demonstrate, although beef focused, can be applied to most any four-legged land animal. All animals share similar anatomical structures that have allowed us to saunter, trot, sprint, and exist outside of the oceans. Don’t let the skeletal maps and scientific names of muscles send your mind spiraling; they’re not critical for learning the skill of butchering. You will become a great butcher by committing shapes to memory, by understanding the intersection of muscles and the planes of connective tissue, by knowing the conformation of joints, and simply by making the same cuts over and over and over again.
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An entire chapter is devoted to food safety and what we can do, as processors of a perishable and edible product, to ensure that the meat we produce is nourishing. The setup you devise at home may never be USDA certified, but the same rigorous dedication to sanitation and safe handling will benefit everyone who consumes the meat you produce.


It’s deeply satisfying to know that, at my hand, an animal suffered as little as possible on its way to feeding myself and those around me. This kind of involvement also enables me to produce meat that conforms to my standards: quality and cleanliness are paramount. When mistakes happen, during slaughter or butchering, I recognize them and make every effort to learn from such incidents. I don’t rush to the end result, be it a carcass in the cooler or a roast coming out of the oven. I revel in the intricacies of a process that extends back in time for generations. Slaughtering and butchering my own meat connects me to cultures, regions, and generations I’ve never known. We all share the need to eat, and having a hand in how another living being is transformed and contributes to my own existence is profound and cathartic. I dearly hope that you draw the same inspir-ation from your experiences and that the information in this book helps guide you along the way.


Adam Danforth




Chapter 1




From Muscle to Meat
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Prior to landing on your plate, the meat that you choose to eat began life as muscle, a highly organized and complex living system. Muscles, which are made up of tissues and fibers, perform many of the voluntary and involuntary actions in a body. Each muscle has a unique structure that depends not only on function and position but also on species and environment. As muscles are transformed into meat they undergo many physical and chemical changes. These changes are initiated by death but are influenced by many factors, including, for example, how the animal was handled before it was slaughtered and how quickly the carcass was cooled after slaughter. These factors and the chemical changes they cause can have an enormous effect on the palatability of the final cuts of meat.


As it turns out, the better you treat an animal while it is alive, the better the meat from that animal is. To create delicious meat, you should understand not only the physiology of muscles but also the types of favorable treatment that enable the production of a high-quality product.




Muscles


Muscles are organized structures that enable movement. The heart, a muscle, pumps blood through the body; muscles move food through the stages of digestion; muscles in the legs allow an animal to stand and walk. Each of these functions, enabled by the contraction of muscle, showcases one of the three different types of muscles: cardiac, smooth, and skeletal. But first, we must explore the basic muscle structure.




Muscle Structure


Muscles are made up of cells called fibers; these are slender cylindrical structures that enable contraction. Muscle fibers are organized in bundles that are stacked together in one direction and bound by sheaths of connective tissue. Envision holding a bundle of dry spaghetti; the spaghetti is the muscle fiber, and your hand is the connective tissue. This pattern of spaghetti-style bundling continues for many levels, as bundles upon bundles are grouped together, level after level, with the final bundle completing the full muscle. The connective tissue holding the full muscle together is the silverskin (technically called the epimysium). Along with more connective tissue, the space between the bundles is filled with blood vessels and fat deposits. The visual grain patterns we recognize in meat are actually midlevel bundles called fascicles. These are most notable in cuts in which the grain is prominent, such as the flank steak.


At the most basic level of the muscular structure are sarcomeres, long threads of linked proteins organized into bundles. These threads initiate muscle contraction from inside the muscle fibers. The main two proteins in sarcomeres, myosin and actin, make contraction and relaxation possible. They’re linked in an overlapping pattern that allows them to slide past each other. When the muscle contracts they overlap more, shortening and getting closer together, and when the muscle relaxes they overlap less, lengthening the long threads they make. These protein actions change the shape of muscles; this is evident, for example, when you move your leg or flex your bicep. In short, when a muscle contracts, the action originates in the myosin and actin proteins. The action of these two proteins, shortening or lengthening, causes a chain reaction that repeats upward through every bundle: the fibers shorten, the fascicles shorten, and finally the entire muscle shortens for contraction, and vice versa for relaxation.






[image: 502889.jpg]

The structure of muscle







Muscle Fibers


Fascicles are the smallest muscle fiber bundle that we can easily identify with the naked eye and with the palate. The size of a bundle and its interior fibers plays a large part in how we experience meat. The larger the fascicle, the easier it is to see and the tougher it is to cut through. This gives us the advantage of being able to identify tenderness visually. Fine-grained muscles are more tender than coarse-grained muscles; thus a tenderloin is easier to chew than a skirt steak. The reason for this is that our teeth do a poor job of cutting through bundles of fibers; they are much more effective at separating them from one another. (Imagine trying to chop your way through a truckload of logs instead of just pushing the logs to one side or another.)


In addition, muscle fibers typically toughen during cooking, drying up as the heat ruptures water-holding structures and causes evaporation. The result is a denser, more resistant structure. This is the reason we cut meat across the grain rather than with it. Cutting with the grain would leave stacks of dense, lengthy fiber bundles that we would struggle to split with our teeth. Instead, we let a knife do the work of shortening the fibers so our teeth can do the job of separating them, an effort that in some cases takes 10 times less energy than splitting.




Muscle Function and Age Determine Size


The size of muscle fibers is partly the result of muscle function. The more power a muscle needs, the shorter and fatter the sarcomeres within the fibers. More power requires more contractile proteins (actin and myosin). This in turn requires stuffing more proteins into the same connective tissue casing. (Imagine, for example, filling a balloon to capacity with water.) When more proteins are created to produce more power, this causes the sarcomeres to fatten. As sarcomeres fatten, so do the fibers, the bundles of fibers, and the bundles of bundles throughout the entire muscle. Muscles requiring short, powerful bursts of energy — such as those responsible for an animal’s fight-or-flight response in reaction to sudden danger — have the thickest fibers. One example of this is the breast muscle of birds that fly only when threatened, such as chickens. (You may be saying to yourself, “But the breast meat of a chicken is so tender.” Muscle fiber size is not the only factor in determining tenderness; see here.)


Age also contributes to muscle strength and therefore ﬁber size. In general, the older an animal is the larger it gets, and the longer it has lived the more activity the muscles have experienced. An animal does not grow new muscle ﬁbers; rather, the ﬁbers increase in size as they develop more contractile proteins. The muscles require more strength to support the growing size of the animal; as the animal ages, increased activity promotes muscle expansion. Larger muscles need more strength, provided by an increase in contractile proteins (actin and myosin). The more proteins inside a muscle ﬁber, the denser and wider the ﬁber, and the tougher it is to chew. This is one reason why older animals have tougher meat.




Connective Tissue


Connective tissue is made primarily of collagen, a substance that accounts for about one-third of the protein in the entire animal. Collagen is concentrated the most in ligaments, tendons, bones, and skin. The other notable component of connective tissue is elastin, which is named for its elastic properties and provides some of the stretch that connective tissue needs in order to change shape and move with the muscles and other body parts.




Connective Tissue and Structure


The structure of all tissues within the body, muscles included, is enabled by connective tissue. Muscle fiber bundles, and the bundles of bundles, are all wrapped by thin layers of collagen-rich connective tissue. Within these bundles, numerous strands of connective tissue fill the spaces between fibers. These strands weave themselves together, as in a tapestry, to form a complex structure. The strands are connected through a process called chemical cross-linking. The interior and exterior networks of a muscle’s connective tissue all converge at either end to form tendons. When muscles contract, fibers tug on their respective connective tissue sheaths, causing bundles of fibers to contract. Through a chain reaction across the bundles of bundles, the muscle pulls the tendons and causes skeletal movement.




Collagen and Muscle Tenderness


More than any other factor, the main property that governs muscle tenderness is the volume and strength of cross-links between collagen fibers. Just as with textiles, the more threads and connections you have, the stronger the fabric and the tougher it is to cut through. Many factors contribute to cross-link development, including not only the function of the muscle but also the animal’s age, nutrition, and breed. The hardest-working muscles, and those that get the most exercise, require a dense network of collagen to provide adequate structure and functionality. Density is achieved through the development of intensely cross-linked collagen fibers. As a rule, the closer to the ground a muscle is, the harder it works to provide support to the body. This is illustrated in the copious amounts of collagen found in meat from the lower limbs of all animals, including beef shanks, ham hocks, and chicken drumsticks.






Diagram of Collagen Fibers and Crosslinks
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Tenderness is largely the result of cross-links between tropocollagen fibers within collagen; as the animal ages, more cross-links are formed, making the meat progressively less tender.









Breaking Down Collagen by Cooking


Fortunately, collagen and its cross-links can be broken down into gelatin through the application of heat and water, a process called hydrolysis. Gelatin is the sticky, unctuous substance that helps thicken liquids for sauces or desserts and provides the adhesive for traditional glues. In contrast to muscle fibers, which get drier and denser when cooked, collagen softens during a proper stewing, helping to turn otherwise tough cuts of meat like a beef shank into a succulent result. As a general rule, the tougher the collagen and the more cross-links it has developed, the longer it will take to break it down into gelatin. Thus, meat from an older animal will need more moisture and time to hydrolyze than meat from a younger animal of the same species.


Hydrolysis of collagen begins as the temperature rises above 122°F. The higher the temperature, the faster it happens. However, while higher temperatures increase the rate of hydrolysis, there is a trade-off. Once the temperature rises above 140°F the collagen also begins to shrink. The shrinkage begins to squeeze on the muscle fibers, causing them to expel liquid. The process is similar to twisting a wet towel: the more you twist, the more water flows out. The higher the temperature, and the quicker it rises, the faster and tighter collagen strands twist and squeeze out the moisture contained in muscle fibers. Hence, hydrolysis that occurs too quickly results in dense, dry meat.


Take a beef shank, for example. A beef shank is heavily worked and therefore chock-full of extensively cross-linked connective tissue. Cooking this cut for a few hours at a high temperature, in moist or dry heat, will produce meat that is dense, dry, and a struggle to chew: the collagen has shrunk, squeezed out the liquid, and not been given adequate time to hydrolyze. Slow-cook it at a low temperature for many hours, and the muscle fibers will fall apart into tender threads of meat: the collagen has been fully hydrolyzed, and the structure holding the fibers together turned into gelatin. With a longer cooking process, the transformation of collagen into gelatin provides a better mouthfeel. Slow-cooked meat has still been squeezed by the collagen, though, so it will still benefit from the application of moisture, such as the reduced liquid in which the shank was cooking (which now contains generous amounts of gelatin, adding a pleasing mouthfeel).


Allowing time for hydrolysis is pertinent only when dealing with tough cuts of meat in which there is a substantial amount of connective tissue. Tender cuts have weak collagen and in small amounts. The generally preferred method for tender meat is quick cooking because there is not enough collagen present to make chewing difficult. Further, keeping the internal cooking temperature of tender cuts of beef to 140°F or lower avoids collagen shrinkage and the resultant moisture loss. This is why a tenderloin cooked to medium-well at 150°F or higher will be a denser, drier version of the same steak cooked to a 133°F medium-rare.







Age and Its Effect on Collagen


As an animal ages, the volume of collagen decreases but the strength increases. Aging of the muscle causes the development of more chemical cross-links between the collagen fibers that remain. Muscles are exercised, fibers increase in density and girth, and the collagen fibers respond accordingly by increasing tensile strength through the addition of cross-links.


To avoid harvesting meat with tough collagen, those who raise animals for the meat industry slaughter most of those animals before they reach adulthood. For example, consider the difference between a four-month-old veal and a three-year-old beefer. The muscles throughout the veal chuck (the shoulder), with their relatively weak collagen cross-linking, are notably tender, allowing for more versatile preparations; the beef chuck, on the other hand, contains numerous muscles that display the characteristic toughness of strong collagen fibers, requiring long, slow cooking to break them down.




Fats


Along with fibers and collagen, fat plays a distinctive role in our experience of consuming meat. Fats happen to be a unique form of connective tissue, primarily serving three purposes, in some cases simultaneously: to insulate the body, to protect the body and the internal organs, and to store energy. The latter function is responsible for many of the flavors that we associate with meat. To increase fat coverage, an animal does not add new fat cells but rather increases the volume of the cells already there.




Fat Cells and Taste


Fat cells store energy in the form of fatty acids but also act as a repository of any substance that is fat-soluble. (Just as salt is water-soluble, any compound or substance that will dissolve in fat is fat-soluble.) So, while an animal gathers energy from its food, it also stores other fat-soluble compounds from the food within the fat cells. Which compounds are stored depends largely on species and diet, while the concentration of those compounds is mainly a result of age. The older an animal is, the more time it has spent storing fat-soluble compounds in its fat cells and the more flavors and flavor-enhancing components are released during cooking. This accounts for the typically stronger flavor and aroma of meat from older animals, as is the case with mutton.


An animal that is raised primarily on pasture, relying on a varied diet of foliage, both fermented and fresh, will process and store a diverse array of organic compounds and fatty acids. Upon cooking, these assorted odorous substances will strengthen the flavor of the meat. In contrast, an animal reared with a diet composed primarily of grain will have less diversity in its fat stores. It is for this reason that meat from grass-fed and pasture-raised animals has a stronger flavor than meat from grain-fed animals.






Types of Fat Deposits


Within the body of an animal, there are four types of fat deposits.


Subcutaneous fat lies under the skin, as seen on this beef round. 
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Visceral fat like this kidney, or cod, fat lies inside the body cavity. It also surrounds kidneys and other organs (caul fat, for example). 
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Intermuscular fat is intermingled between muscles (as seen in these rib steaks). 
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Intramuscular fat, or marbling, is interspersed within the connective tissue and fibrous bundles of muscles.







Saturated and Unsaturated Fat


Within the world of animal fats there are two main categories: saturated and unsaturated. Fats are composed of carbon atoms linked together in chains. These carbon atoms like to bind with hydrogen, and in the case of a saturated fat, the carbon atoms bind with as many hydrogen atoms as possible. (They are literally saturated with hydrogen bonds.) Unsaturated fats are not saturated with hydrogen bonds. Instead, one or more carbon atoms are double-bonded to each other. Monounsaturated fats have a single double bond; polyunsaturated fats have more than one double bond. This double bond adds one or more kinks to the chain, changing its shape from clean and organized to a bit awry.


If you’re good at organizing, packing a car, or stacking boxes, you know that things of a consistent shape fit tightly together. This is the case with saturated fats: the chains of evenly bonded molecules stack tightly together, forming stable fats that are solid at room temperature. Once there is a kink in the chain, those chains can’t stack so closely, thus preventing them from forming tight, stable structures, often making them liquid at room temperature; the more kinks the more unstable the structure. Animal fats contain mainly saturated fats, making them solid at room temperature. But the amount of unsaturated fats certainly comes into play. Chicken and pork fat have higher levels of unsaturated fats than beef, sheep, and goat fat, making them less solid at room temperature. (Vegetable fats, like olive and canola oil, are mostly unsaturated and that’s why they’re liquid.)


These kinks in the molecular chain affect not only the solidity of the fats but also the rate of rancidity. A double bond in the chain exposes carbon atoms to oxidizing elements, like oxygen and water. These elements react with the exposed carbon atom, often disrupting the chain, causing it to break apart. This is the basic action of rancidity or oxidation — the breakdown of molecular chains into smaller fragments. The more kinks in the chain, as with polyunsaturated fats, the more susceptible they are to rancidity. The more unsaturated fats in the animal, the more prone the carcass and its resultant cuts are to rancidity and oxidation. Because poultry and pork have higher levels of unsaturated fats, their carcasses can’t be aged as long as beef, sheep, or goat carcasses can, and the cuts from these animals tend to spoil sooner, whether fresh or frozen. (Liquid fats have a tendency to go rancid even more quickly, especially nut oils that are high in polyunsaturated fats. This is why refrigeration of these oils is always recommended.)




Fat and Meat Tenderness


Fat is also a contributor to tenderness, but marginally so compared to fibers and collagen. Within muscles, the presence of intramuscular fat between bundles and fibers disrupts the mesh of collagen fibers and cross-links, making holes in the otherwise taut tapestry. This helps to weaken the solidity of a muscle’s connective tissue, increasing tenderness when we chew. Unlike fibers, which dry out, fats also melt during cooking. Melted fats turn to liquid, adding a necessary moisture to the drying fibers. This also lubricates the fibrous bundles, aiding our teeth’s efforts to separate them, resulting in a more tender bite. Additionally, as fats melt under heat they release the aromatic fat-soluble compounds stored within the cells, contributing to the olfactory experience and increasing the perception of flavor.




Types of Muscles


The function of a muscle can be either voluntary or involuntary: voluntary contractions are performed with intention (the movement of an arm or the focusing of eyes), whereas involuntary contractions happen without conscious control (the drawing in of air to breathe or the pulsing of a blood vessel). The form of a muscle can be striated or smooth. Striated muscles contain parallel ﬁbers, organized side by side, providing the grain and appearance we associate with meat. Smooth muscles have ﬁbers organized in complex sheets and are associated with blood vessels, organs, and other internal functions.






Types of Muscles


The three types of muscles are defined according to both function and form.


Cardiac muscle is found only in the heart. It’s striated and involuntary. 
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Smooth muscle comprises all the remaining involuntary muscles such as the walls of blood vessels, the gastrointestinal system, and the stomach lining. It’s nonstriated and involuntary. 
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Skeletal muscle is attached to the skeleton and enables its movement and is the predominant type in the body, as well as in butchery. It’s striated and voluntary. 






[image: JKeller-Hanging-beef-0005.tif]









Types of Muscle Fibers


The main function of muscles is movement, and animal movement can be separated into two basic types: quick bursts or slow and steady. The different types of movement are achieved by two types of muscle fibers: a fast-twitch fiber, which provides the sudden contraction needed for bursts of energy; and a slow-twitch fiber, which provides the endurance essential for sustained activities like standing or chewing.




Fast-Twitch Fibers


Fast-twitch fibers are strong, as their contractions require power to achieve the appropriate speed of action. They are short, fat, and hard to chew, in accordance with the aforementioned effects of strength on fiber size. Moreover, fast-twitch fibers do not need the energy from fat stores to operate, making the muscles dominated by these fibers very lean. Yet fast-twitch muscles are called into action only periodically, which makes for a sparse and weak network of collagen. So while the fibers are harder to chew, with meager fat, the muscle overall is in most cases considered relatively tender. A well-known example is the chicken breast, a tender, lean muscle composed of fast-twitch fibers that illustrates how connective tissue is the most influencing factor in tenderness.




Slow-Twitch Fibers


Slow-twitch fibers are long and thin, requiring less power but more endurance than fast-twitch fibers. Their stamina is provided through a combination of extensive connective tissue and large intramuscular fat stores. The connective tissue provides the rigidity and support required to sustain lengthy periods of contraction and activity, while the fat stores provide the energy necessary to operate for extended periods. Muscles with slow-twitch fibers are normally considered tough. Despite the tender narrow fibers and the generous fat stores, the abundant connective tissue is the determining factor creating chewiness. Hardworking muscles in the shoulders of quadrupeds or in the legs of poultry are typical examples of how the concentration of connective tissue determines tenderness. Under the proper cooking conditions these muscles provide some of the most unctuous results. The exception to this is a muscle like the tenderloin. It is a rare combination of typical slow-twitch muscle fibers, but since it is rarely used in the body of quadrupeds, it has very little connective tissue, making it the most tender of all cuts.
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Beef chucks and other slow-twitch fibers are deep in color and require connective tissue and fat deposits for endurance.







Each muscle in the body is a mixture of fast- and slow-twitch muscles. Fast-twitch muscles are distinctly paler than slow-twitch muscles, resulting in varied colorations within the muscles of an animal. An easy example is the typically white chicken breast and the dark-colored thighs. The breast, comprised mostly of fast-twitch fibers, explodes with energy when the chicken takes a sudden but short flight. The legs, which are slow-twitch dominated, require the stamina for daylong posture and movement.


As a general rule, muscles nearer to the skin are expected to respond less frequently than those farther away and are therefore lighter in tone and leaner in composition. Muscles residing closer to the skeleton are the ones handling the bulk of the posturing and movement; these muscles will be darker in tone and contain higher concentrations of slow-twitch fibers, connective tissue, and fat. So, while that chicken breast may be lightly colored, lean, and tender, the absence of connective tissue and fat means that it can easily be turned into a dense, dry cut, a lackluster comparison to a properly cooked chicken leg in which the collagen has been hydrolyzed into gelatin and the fats have flooded the meat with fragrant and tasty compounds.




The Color of Muscles


The coloration of muscles does not, as some people think, come from blood. In fact, there is no blood within the muscle fibers themselves. Muscles do need blood to operate, though, and vessels running among the connective tissue and fat that sits between the fibrous bundles carry blood into the muscles. Muscle fibers need oxygen, and to get it from the bloodstream to the fibers requires a local delivery system of sorts. In comes myoglobin, a protein capable of making the trip between the bloodstream and the muscle fiber while carrying a load of oxygen. While an animal is alive, oxygen exchanges are constantly happening according to the demands of a muscle. The more a muscle works, the more oxygen it needs and the more myoglobin is there to make it happen.




The Three States of Myoglobin


Myoglobin happens to be the main party responsible for muscle coloration and is able to change color according to its state. Myoglobin has three states: deoxygenated (not carrying oxygen), oxygenated (carrying oxygen), and oxidized (exposed to external elements).


Deoxygenated. This first state occurs when myoglobin is not holding on to any oxygen. After an animal is dead there is no more circulation of oxygen-rich blood and no need for muscle fibers to operate: no more oxygen for the myoglobin to carry around. So the default state of myoglobin in meat is the deoxygenated state, the result of the myoglobin’s last delivery of oxygen to an eager muscle fiber. Meat in this first state is purplish-red. This may sound familiar to anyone who has sliced open a raw steak or separated a bunch of ground beef to find the interior tinged with a purple hue; red meat cuts that have been vacuum sealed also tend to show deoxygenated coloration. What you see is myoglobin without access to oxygen — that is, until you give it access to the air around it.
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Deoxygenated. The absence of oxygen within a vacuum-sealed package results in the purplish hue of deoxygenated myoglobin.







Oxygenated. The second state of myoglobin occurs when it picks up some oxygen. When myoglobin is oxygenated it is called oxymyoglobin, which is bright red. Oxygenation can happen from anywhere oxygen resides: living muscles gather oxygen from the bloodstream; meat picks up oxygen during exposure to air. Myoglobin binds with oxygen whenever it has the opportunity, so when you cut open that raw steak, break apart a pile of ground lamb, or open a vacuum-sealed packaged of red meat, the hue shifts from purplish-red to cherry red, a process known as “blooming.”
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Oxygenated. Red meat “blooms” to its characteristic red coloration as myoglobin bonds to oxygen in the air.







Oxidized. Myoglobin may like to carry around oxygen, but it is not all that great at holding on to it. The bond between myoglobin and oxygen is highly unstable and susceptible to being broken through exposure to things like bacteria, enzymes, light, or even more oxygen. When oxygen breaks away, it often steals an electron, leaving myoglobin in an oxidized state called metmyoglobin. Metmyoglobin is brownish-red and responsible for the unattractive hue of meat left in compromising conditions for too long — on the counter, in the fridge, under heat lamps — but it does not always indicate spoilage or rancidity.






[image: JKeller-Hanging-beef-0009.tif]

Oxidized. Extended exposure to the elements results in metmyoglobin, causing red meat to shift to an unattractive brownish-red hue.







No muscle is exclusively one type of fiber, so the shades of muscle color are a result of the mixture of slow- and fast-twitch fibers. This is easier to identify within sedentary animals, which have higher concen-trations of fast-twitch fibers and intermittently used muscles, making the darker hues more evident. Pigs are not grazing animals and move much less than cattle do; hence, pork is lighter in color than beef. Within grazing animals and other animals whose bodies are in constant motion, a third type of muscle fiber develops: the intermediate fiber. The intermediate fiber is a fast-twitch fiber with aerobic capability; it therefore needs oxygen and contains myoglobin. A combination of intermediate and slow-twitch fibers mainly composes the muscles of red meat animals like cows, lambs, goats, and deer. It is this overall coloration of red meat that makes differentiation between slow-twitch and fast-twitch fibers difficult to discern in many species.


The size of the animal and demands for movement also account for differences in the volume of myoglobin among species. Beef, which comes from large animals that cover a great deal of ground, has more myoglobin than either pork or lamb, making it exceptionally red. Finally, as an animal ages the volume and the concentration of myoglobin increase, resulting in richer coloration.




Color and the Freshness of Meat


The final color of meat is a mixture of purple, red, and brown — the colors of myoglobin molecules in all three states. Shifts between states, caused by oxygen handling and electron theft, are constantly happening, but the dominant condition will determine the color. A vacuum-sealed beef steak will be purplish because there is not much oxygen inside the bag. Open it up, though, and the steak will bloom to red within a few minutes as the myoglobin is exposed to the oxygen in the air. If the meat is left out longer, the myoglobin loses hold of the oxygen and turns brown. We have come to associate color with freshness, as with the bright red of beef, but in many instances the presence of brownish hues is not an indication of rancidity or spoilage.




Preserving the Color of Meat


There are two conditions in which we intentionally interfere with myoglobin to produce desirable colors under undesirable conditions: when we cure meat, and when fresh meat is packaged for sale.


Chemical preservation. Cured products often usenitrites, a chemical added to meats to prevent bacterial growth and control the final color. During the curing process, nitrites convert to nitric oxide, a compound that can bind with myoglobin, effectively taking the place of oxygen. This turns myoglobin pink and is why bacon, hams, and other cured meats have a pinkish hue. The myo-globin’s bond with nitric oxide is much more stable than its bond with oxygen, so the color has better staying power.
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Cured meats retain their attractive red hue because of a strong bond between myoglobin and nitric oxide.







Preservation with carbon dioxide. Bright red meat sells better than brown meat does, but keeping it red is a challenge. (Remember, myoglobin loses oxygen easily and turns brown.) To keep meat red, processors pump carbon dioxide into packages of meat for sale. Carbon dioxide reacts with myoglobin in the same manner that nitric oxide does: it replaces oxygen, forms a stable bond, and turns the myoglobin reddish-pink. The color will not be as pronounced as the cherry red of the true oxymyoglobin, but it will certainly look better than the metmyoglobin brown and is therefore able to stay appealing in a meat case for a longer period.




Turning Muscles into Meat


Transforming muscles into meat is a complex process that involves more than just proper slaughter and butchering. Fortunately, the same conditions that are most humane for the animal also produce the highest-quality meat products. How the animal is reared, fed, handled during transport, and treated prior to slaughter all play significant roles in the resulting meat. So do many postmortem conditions like storage, humidity, temperature, and especially time.


The effect of death on a body is nothing short of epic. The sudden standstill of the circulatory system halts all oxygen delivery, leaving aerobic cells without sustenance and causing immense cellular damage and chemical transformation. Enzymes and bacteria freely roam the defenseless carcass, mercilessly breaking down structural components. Fatty and amino acids are left to disintegrate. It may seem chaotic, but under proper conditions this natural process transforms previously living tissue into palatable meat.




The First 24 Hours Postmortem


The events that occur in the first 24 hours after death can determine the quality of all meat coming from a carcass. Thankfully, the conditions that can cause those events are largely within our control. Living muscles are constantly using energy, typically in the form of glycogen. When muscles process glycogen, the by-product is lactic acid. The more a muscle works, the more lactic acid is produced. (Lactic acid is responsible for the muscle burn associated with intense exertion.) Oxygen from the circulatory system maintains the level of lactic acid, removing it when too much accumulates. After death, muscles continue to generate lactic acid, but with no blood circulation the acid builds up, changing the pH level from a nearly neutral state (around 7.0) to a slightly acidic state (near 5.7). This is beneficial, as the mild acidity retards microbial activity, including that of enzymes and bacteria. In addition, the drop in pH causes proteins to slightly unravel (a process called denaturing), releasing some fluid and further moistening the meat.




Rigor Mortis


Muscles contract and relax in response to chemical reactions. Under normal conditions, the drop in pH is a slow decline over the course of many hours. Muscle fibers continue to contract and relax after death, but as the pH drops the chemicals that allow the fibers to relax become sparse. Eventually the muscles contract and never relax again, causing the stiffening known as rigor mortis. There are three phases to rigor mortis:




	
The delay phase — muscles continue to contract and relax after death.


	
The onset phase — muscles begin to lose the ability to relax and start permanently contracting.


	
The completion phase — all muscles have tightened to a fully contracted state.







Rigor mortis effectively exhausts muscles of their ability to contract and relax; after rigor, muscle functioning is completely finished. But, to become palatable meat, more time is needed and more chemical reactions must take place.


The effects of rigor mortis are counteracted by enzymes and time. Once an animal dies, enzymes are let loose, and with nothing regulating their activity, they begin to attack at random. Their targets include the contractile proteins that keep muscle fibers in a contracted state (remember actin and myosin from here). Given enough time, these enzymes will have done enough dismantling to undo the effects of rigor mortis, producing tender meat. This is all part of the process of aging, discussed in detail below.




The Effects of Animal Stress on Meat Quality


Although normal changes in pH levels are advantageous, aberrations in pH levels can cause unsavory effects. Stress is the main culprit. Animals exposed to stressful conditions for extended periods prior to slaughter (e.g., uncomfortable temperatures, jarring noises, unstable surfaces for standing, confrontations in the pen) will become exhausted. After they die, their muscles will not produce enough lactic acid to induce the proper drop in pH levels, resulting in a high final pH (above 6.0, depending on the species). Meat with such a high pH is referred to as dark, dry, and firm (DDF) or “dark cutter.” Without the acidity needed to curb microbial activity, spoilage quickens: proteins tighten, rather than denature, and strengthen their bond with water, causing the firm texture and dryness. Red meat is especially susceptible to DDF, with most cases occurring in beef.


Similarly, a sudden fall in the pH of muscles after death also results in poor-quality meat. When an animal is threatened, surprised, or excited its fight-or-flight res-ponse results in a flood of adrenaline entering its muscles. If this happens within a half hour prior to slaughtering — for example, because of fighting with other animals, being mishandled, or experiencing loud noises on the kill floor — the effects of the adrenaline will continue to persist after death.


The same conditions that are most humane for the animal also produce the highest-quality meat products.


An adrenaline rush spurs accelerated processing of glycogen and increased lactic acid production. A sudden shift of pH from neutral (7.0) to acidic (less than 5.8), when combined with warm muscles, causes the muscle fibers to unravel excessively. The effects are numerous, but the outcome is called pale, soft, and exudate (PSE) meat. In short, it’s wet, mushy meat that dries out easily. As the muscle fibers unravel, they lose much of their ability to hold water, resulting in excessive moisture or drip loss and a compromised structure; at the same time, the myoglobin changes in structure and reflects light, causing a paler-than-normal color. PSE meat caused by pre-slaughter stress can come from any animal, but the most common occurrences are in pork because of the genetic disposition of pigs.




The Importance of Proper Storage after Slaughter


Production of high-quality meat requires careful planning and attention through each stage of life, slaughter, and storage. Even when all preceding conditions are carried out to the ideal, improper storage procedures have the potential to compromise the final quality of meat. Carcasses are chilled soon after slaughter to prevent the growth of dangerous microbes that can cause spoilage and illness; the quicker the chill, the less bacterial growth.


Chill the carcass too quickly, though, and the consequence is incredibly tough meat caused by a process called cold shortening. This occurs when the temperature of the meat drops below 59°F before the onset phase of rigor mortis. At temperatures below 59°F, muscles contract to abnormal extremes. This causes shortening of the muscle fibers (and therefore the muscles), in some cases to less than 50 percent of the original length. Therefore, when the final contraction of rigor mortis sets in, the result is a magnified tightening of the muscles, causing irredeemable toughness of the meat.


A similar condition, called thaw shortening, happens when meat from a freshly slaughtered carcass is frozen prior to the onset of rigor mortis. In this case the meat never goes through rigor mortis, therefore never exhausting the muscles of their ability to contract. When the meat thaws, the muscles come back to life (in a manner of speaking), contracting in the same manner as with cold shortening and ending with similar results.




Aging


Palatable meat is the result of properly aging the carcass to counteract the effects of rigor mortis after the animal has been responsibly slaughtered. There is a sliver of time after slaughter in which the muscles are still relaxed and, if cooked, may provide a tender bite. This period is impossibly short for small animals like chickens and rabbits; for larger ones, the result of cooking the meat at this stage would be a watered-down, mildly flavored version of what you would expect. Soon after this sliver of time, rigor mortis sets in; attempting to butcher, cook, freeze, or do anything else with the meat during the period of rigor mortis would result in total failure. At this point the opposing muscles (e.g., hamstring/quadriceps, bicep/triceps) in the carcass are contracting, ending in the unusual posture associated with stiffened roadkill. The contractile proteins actin and myosin have permanently bonded to each other. This is where aging comes into play: meat will tenderize and improve itself given the right conditions and proper time.




Enzymes at Work


Aging does many things, but its main effect is to undo the results of rigor mortis. After death, naturally occurring enzymes within the meat go rogue, since the body systems that kept them in line shut down. The main agents are two types of enzymes called calpains and cathepsins. They indiscriminately attack proteins and, in a process called proteolysis, break them down into fragments, disrupting the structures responsible for keeping muscle fibers in a contracted state.


Given time, the enzymes dismantle enough contractile structures in the muscle to undo the structure of contraction and the effects of rigor mortis, essentially relaxing the muscles and increasing tenderness. Moreover, the cathepsins take apart cross-links and fibers within the connective tissue, another benefit for tenderness. The result is collagen that hydrolyzes more easily during cooking, producing more gelatin and thereby increasing succulence. The weakened collagen structures also prevent excessive squeezing on muscle fibers during cooking, stemming excessive moisture loss. The by-product of all this enzymatic tenderization is a wide range of broken-up proteins and molecules: a great thing for our palate. Formerly bland fats, proteins, and other molecules are all transformed into fragmented and intensely flavored compounds. These account for many of the sweet, savory, and aromatic attributes associated with aged meat.


The longer a butcher waits to process the meat, the more structures collapse from enzymatic activity and the more tender the product. The meat is quite literally rotting, but under very controlled conditions. The bustle of enzymes increases with temperature, doubling every 18°F, but the development of harmful microbes also spikes. So, while we could speed up aging by raising the temperature, it behooves us to bide our time and keep the meat between 32°F and 38°F. At these temperatures, the enzyme mayhem continues, albeit sluggishly, and the meat is safe. If the temperature of the meat goes below 28°F, which runs the risk of freezing, proteolysis slows down to an inconsequential crawl.




How Long to Age


All animals benefit from controlled aging to counteract rigor mortis, though the length of the aging process is different for each species and is further influenced by ambient temperatures, air flow, humidity, and personal taste. General rules are that smaller animals age more quickly than larger ones and younger animals age more quickly than older ones. Beef should be aged 10 to 28 days. Middle-meat primals — rib, short loin, and sirloin — can be aged for several additional weeks, according to personal preference. The decision to age anything for more than 28 days, however, will be based on flavor and texture development rather than tenderness, as the enzyme action is minimal at that point.




Aging in the Open


All aged meat will increase in tenderness, but there are other beneficial repercussions, depending on airflow and the ambient humidity of where the meat is stored. In one method, called dry-aging, water evaporates from the meat, sometimes reducing the original weight by as much as 20 percent. With the water gone, the muscle fibers shrink, and so does the overall size of the meat. This also concentrates the tasty, water-soluble protein fragments, strengthening the flavor of the meat.


During the dry-aging process, meat is kept at the proper temperatures while humidity and airflow are controlled. Humidity is held at 70 to 80 percent, allowing the meat to dry out gradually. If the humidity is too low, the meat will lose moisture too quickly, resulting in dried, unpalatable meat; if the humidity is too high, moisture remains on the meat surface, promoting rancidity and microbial development. Air circulation is also critical to maintaining humidity equilibrium and promoting evaporation. To allow air access to all parts of the meat, meat processors usually hang carcasses from rails and place cuts on perforated shelves, while high-velocity fans work to keep the currents continuous.


A dry-aged carcass or primal cut will have a hardened, blackened exterior that is very likely to be dotted with patches of white mold. All mold patches must be removed and discarded, exposing the underlying nutty, aromatic meat. Between the loss of meat from trimming and the loss of weight through evaporation, the edible portion of a dry-aged primal may be 70 percent of its original weight. This makes dry-aging an expensive process: it requires equipment, ample space, and lots of time for hanging and trimming, and it ends with a considerable loss of salable weight. Yet the result, with its unique taste, will fetch high prices and yield flavorful results, making up for the product loss.
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