Anatomical Dissection and Fabrication
of the Bovine Carcass: A Comprehensive
Biomechanical, Histological, and
Operative Analysis

The conversion of a living bovine animal into a sanitary, edible carcass and its subsequent
fabrication into highly specific primal, subprimal, and retail cuts represents a sophisticated
intersection of veterinary neuroanatomy, applied biomechanics, and histological science.
Within the modern high-throughput abattoir, the primary objective is to execute this
biochemical and physical conversion while rigorously mitigating the transfer of pathogenic
microorganisms from the external hide and gastrointestinal tract to the sterile muscle tissue'.
Following the initial slaughter and dressing procedures, the carcass must be systematically
disassembled. While industrial facilities increasingly rely on automated band saws and hydraulic
shears to maximize processing velocity, the traditional paradigm of manual
fabrication—utilizing hand-forged meat cleavers and manual butcher's bow saws—remains the
gold standard for artisan processing, precision yield maximization, and the preservation of
micro-structural tissue integrity®.

Manual dissection demands an intimate, encyclopedic understanding of bovine osteology and
myology. The operator must navigate intricate skeletal landmarks, trace cartilaginous
symphyses, and follow natural muscular connective tissue seams without the sheer,
indiscriminate force of motorized equipment®. This report provides an exhaustive,
multi-disciplinary analysis of the bovine slaughter and manual fabrication process. It explores
the neurophysiology of humane dispatch, the sanitary engineering of evisceration, the
metallurgical geometry of hand tools, the precise anatomical sequencing required to partition
the carcass into its primary regions (chuck, rib, loin, round, flank, short plate, and brisket), and
the micro-structural properties of the resulting muscle fibers that ultimately govern meat
palatability and thermodynamic stability.

Pre-Fabrication Pathophysiology and Sanitary
Dressing Protocols

Before the carcass can be subjected to anatomical dissection, the live animal must undergo a
sequence of highly regulated sanitary dressing interventions. The hygienic integrity of the
resulting meat is directly proportional to the precision of these initial physical procedures, as a
single procedural failure can result in catastrophic microbial contamination’.

Neurophysiology of Concussive Stunning and Hemodynamics

The foundational step in ethical and regulatory compliance is the induction of immediate and
irreversible insensibility to pain. The humane dispatch of bovine species requires overcoming
the robust architecture of the bovine skull, which features expansive, air-filled frontal sinuses



acting as biomechanical crumple zones'. The total tissue thickness at the ideal frontal shot
placement averages 46.7 millimeters in mature cattle, necessitating the use of a Penetrating
Captive Bolt (PCB) capable of generating between 300 and 500 Joules of kinetic energy with
bolt velocities exceeding 55 meters per second’. The device must be positioned perfectly
perpendicular to the frontal bone to ensure the bolt macerates the Ascending Reticular
Activating System (ARAS) and the thalamus, globally depolarizing neuronal membranes and
triggering an acute rise in intracranial pressure’. Clinical insensibility is validated by the
immediate collapse of the animal and the total absence of the corneal and palpebral reflexes,
though anoxic spinal reflexes (clonic kicking) will persist as inhibitory signals from the higher
brain centers are destroyed'.

Following successful stunning, exsanguination must be executed within a maximum
stun-to-stick interval of 60 seconds to utilize the residual pumping action of the bovine heart'.
Historically, the ventral neck cut was utilized; however, the highly elastic bovine carotid arteries
rapidly contract upon severing, retracting deep into their connective tissue sheaths and
forming false aneurysms that arrest blood flow'. Consequently, the optimal methodology is the
thoracic stick (brachiocephalic transection). Utilizing a strict two-knife system to prevent
pathogen translocation from the hide, a sterile sticking knife is inserted at the thoracic inlet to
sever the brachiocephalic trunk and the bicarotid trunk directly at the aortic arch'. This induces
an immediate, catastrophic drop in systemic blood pressure, draining the vertebral
anastomoses and precipitating total brain death within 10 to 20 seconds, thereby preventing
the retention of heme iron in the musculature, which acts as a potent promoter of lipid
oxidation'.

Biomechanics of Flaying and Electrical Stimulation

Following exsanguination and the localized application of organic acids (such as 5.0% acetic
acid) to reduce the Aerobic Plate Counts (APC) of the hide, the carcass is vertically suspended'.
The hide is mechanically stripped utilizing downward hide pulling (DHP) kinematics. Unlike
upward pulling, DHP ensures that soil, hair, and aerosolized particulate matter fall away from
the exposed sterile tissues toward the floor'. However, DHP exerts massive, unyielding
downward kinetic tension on the bovine spinal column, frequently causing severe fracturing of
the vertebrae'.

To counteract this structural failure, rigid electrical stimulation (ES) probes are applied to the
carcass to induce violent, tetanic muscle contractions. This forces the massive longissimus
dorsi and paravertebral muscles to contract tightly, splinting the spinal column’. While
mechanically necessary, ES drastically alters the biochemical conversion of muscle to meat by
accelerating the depletion of adenosine triphosphate (ATP) and driving the anaerobic glycolysis
of muscle glycogen'. This leads to a rapid accumulation of lactic acid. If the pH falls too rapidly
while internal temperatures remain high, the carcass undergoes "heat shortening," resulting in
severe protein denaturation and excessive drip loss'. Conversely, aggressive chilling before
rigor mortis sets in triggers a massive release of calcium ions from the sarcoplasmic reticulum,
causing irreversible "cold shortening"'. Therefore, ES voltages must be carefully calibrated to
balance skeletal integrity with thermodynamic meat quality’.



Prophylactic Sealing and Aitch Bone Splitting

To prevent the rupture of the alimentary canal during evisceration, the extremities of the
gastrointestinal tract must be hermetically sealed'. The esophagus (weasand) is separated
from the trachea, and a metallic rodder is utilized to strip residual ingesta backward into the
rumen’. A high-density polymer clip or heavy-duty latex ring is then deployed to completely
occlude the esophageal lumen'. Simultaneously, a circumferential incision is made around the
anal sphincter, and the rectum (bung) is inverted into a sterile plastic bag and ligated tightly
with an elastic ring'.

Before the abdominal cavity can be fully opened to extract the paunch and viscera, the pelvic
girdle must be split by severing the pubic symphysis, industrially known as the "aitch bone"".
Due to the extreme anatomical proximity of the urinary bladder and the previously bagged
rectum, this procedure requires immense precision. While modern abattoirs utilize hydraulic
aitch bone cutters operating at 1,500 psi to snap the cartilaginous seam, traditional manual
butchers rely on the strategic application of a meat cleaver or hand saw to split the pelvis
without projecting sharp bone fragments into the sterile cavity'.

Carcass Splitting and Specified Risk Material (SRM) Extraction

Following complete evisceration, the carcass is split longitudinally down the exact center of the
vertebral column'. This procedure introduces a severe public health hazard: the aerosolization
of central nervous system (CNS) tissue, which serves as the primary reservoir for the misfolded
prion proteins responsible for Bovine Spongiform Encephalopathy (BSE)'. The obliteration of
the vertebral column generates a fine aerosol of bone dust and spinal cord tissue that can
cross-contaminate subsequent carcasses on the processing line'.

To mitigate this, international regulatory bodies enforce stringent protocols for the removal of
Specified Risk Material (SRM). The spinal cord must be extracted in its entirety utilizing
specialized pneumatic vacuum systems that trace the spinal cavity, cleanly severing the spinal
ganglia and vacuuming the delicate dura mater and cord tissue directly into a sealed
containment vessel'. This extracted CNS tissue is classified as Category 1 Animal By-Product,
mandating immediate staining with a visual dye and complete destruction via high-temperature
incineration'. The split sides are then subjected to high-pressure thermal pasteurization and
organic acid sprays before entering the chilling coolers, where the surface temperature is
aggressively dropped to between 4°C and 10°C to achieve bacteriostatic stasis against enteric
pathogens'.

The Bovine Osteological Framework

The foundation of carcass dissection is the underlying skeletal architecture. The bovine axial
and appendicular skeletons provide the rigid framework upon which all cutting specifications
are mathematically and geographically based". To effectively partition the carcass using
manual tools, the operator must rely on precise palpable and visual bony landmarks to navigate
the connective tissue seams.

The bovine vertebral column dictates the primary divisions along the dorsal axis of the animal.
The vertebral formula for cattle is C7, T13, L6, S5, Cd18-20, denoting the cervical, thoracic,



lumbar, sacral, and caudal (coccygeal) vertebrae, respectively™.

Vertebral Region

Cervical (C)

Thoracic (T)

Lumbar (L)

Sacral (S)

Bone Count

13

Anatomical
Characteristics and
Butchery Significance

Features long,
dorsoventrally compressed
bodies. The atlas (C1) and
axis (C2) facilitate cranial
articulation. The cervical
vertebrae are primarily
contained within the neck
portion of the forequarter
and must be navigated
when fabricating the
chuck™.

Characterized by long,
caudally sloping spinous
processes that form the
withers, and costal facets
that articulate with the ribs.
The separation of the chuck
and rib primals, as well as
the forequarter and
hindquarter, occurs
exclusively along this
segment'.

Possess long, flat, laterally
projecting transverse
processes that replace the
ribs. This region houses the
premium loin primal cuts,
supported by the
transverse processes and
broad, blade-like spinous
processes'”.

Fused into a single
structure (synsacrum) in



mature cattle. It articulates
with the ilia of the pelvis at
the sacroiliac joint, forming
the dorsal roof of the pelvic
cavity. It serves as a key
landmark for separating the
loin from the round™.

Caudal (Cd) 18-20 Progressively simplified
cylindrical bones extending
into the tail. Utilized
primarily for oxtail cuts,
requiring precise manual
separation at the
intervertebral cartilaginous
discs".

Cattle possess exactly thirteen pairs of ribs, which serve as the primary geographical markers
for dividing the forequarter'®. The ribs articulate dorsally with the thoracic vertebrae via
synovial costovertebral joints and extend ventrally to connect with the sternum (the first eight
"true" ribs) or form the costal arch (the remaining five "false" ribs)'*. The appendicular skeleton,
comprising the forelimbs (scapula, humerus, radius, ulna) and hindlimbs (os coxae, femur, tibia,
fibula), further defines the boundaries of the chuck, brisket, and round primals, providing the
anchor points for the massive locomotive musculature™.

Occupational Biomechanics and Tool Metallurgy

The execution of pristine primal separation without the aid of mechanized equipment relies
entirely on two fundamental hand tools: the forged meat cleaver and the butcher's bow saw.
The operational effectiveness of these tools is dictated by their metallurgical composition,
microscopic edge geometry, and the ergonomic biomechanics of the human operator®.

The Forged Meat Cleaver: Convex Geometry and Kinematics

Unlike a standard chef's knife or a flexible boning knife, which utilizes a thin, acute edge for
drawing slices through soft tissue, a heavy meat cleaver functions on the physical principles of
a wedge and kinetic momentum?®. A professional bone-chopping cleaver typically weighs
between 1.5 and 3.0 pounds and features a heavy spine with a blade thickness of 3 to 4
millimeters®.

The edge geometry is the paramount engineering feature of the tool. Cleavers are ground to a
relatively obtuse inclusive angle of 50 to 60 degrees (25 to 30 degrees per side) and frequently
feature a convex edge profile rather than a flat V-bevel®. A convex grind—where the bevel arcs
slightly outward—places a massive volume of steel directly behind the microscopic apex of the
blade?®. When the cleaver strikes high-density cortical bone (such as the chine bones of the
vertebrae or the thick articular surfaces of joints), this convex geometry absorbs and laterally



dissipates the immense concussive shock?. This prevents the brittle failure, catastrophic
chipping, or edge rolling that would instantly destroy a more acute, delicate blade?.
High-carbon spring steels, such as 5160, are frequently utilized in the forging of professional
cleavers because their microstructure offers exceptional toughness and impact resistance
compared to harder, more brittle stainless alloys?°.

The kinematics of cleaver use rely entirely on gravity, controlled acceleration, and structural
alignment rather than muscular pushing®. The operator establishes a firm, shoulder-width
stance, aligns the blade directly over the target joint or intervertebral disc, and executes a
vertical drop from a height of exactly six to eight inches®. The substantial mass of the tool
provides the necessary force to sever the bone. Any lateral deviation, twisting of the wrist, or
aggressive swinging drastically increases the risk of the blade glancing off the dense bone,
potentially resulting in severe operator injury and the creation of hazardous, jagged bone
splinters within the meat®.

The Butcher's Bow Saw: Kerf Loss and Bone Dust Mitigation

While the cleaver is highly effective for splitting chine bones, ribs, and smaller joints, the
severing of massive, high-density cortical bones—such as the femur or the heavy lumbar
vertebrae—strictly requires a toothed saw®.

A manual butcher's bow saw utilizes a high-tensioned, narrow steel blade suspended within a
rigid stainless steel or aluminum frame®. The critical specification of a meat saw blade is its
tooth pitch, measured in Teeth Per Inch (TPI).

e 3 TPI Blades: Feature large, aggressive gullets between the teeth. They are engineered
specifically for cutting through thick, heavy, or fully frozen bones. The expansive gullets
efficiently evacuate the high volume of bone dust and marrow generated during the cut,
preventing the blade from binding, overheating, or loading up with fat*.

e 4 TPI Blades: The industry standard for fresh, chilled meat. With more teeth in
simultaneous contact with the substrate, a 4 TPI blade produces a significantly smoother
finish with minimal tearing of the adjacent soft muscle tissue, though it requires slightly
slower feed rates than a 3 TPl blade®.

The primary advantage of the manual bow saw over an electric band saw is the absolute
minimization of kerf loss. The kerf is the total width of the material physically removed and
destroyed by the saw teeth®. High-velocity electric band saws utilize thicker, highly aggressive
blades that obliterate a significant margin of bone and meat, converting highly valuable
product into airborne bone dust?.

Bone dust is not merely an economic yield loss; it poses a severe microbiological quality control
hazard®. If bone dust settles onto the freshly cut surface of the meat and is not aggressively
scraped away using a dedicated bone dust scraper, the marrow and pulverized bone
fragments act as a highly nutrient-dense catalyst for bacterial proliferation®. Specifically, the
rapid growth of Pseudomonas spp. and Clostridium within these marrow deposits leads to
localized, deep-tissue putrefaction known industrially as "bone sour," which can render entire
primals unfit for consumption even under refrigerated conditions®. The manual saw,
possessing a much thinner blade, reduces total kerf loss, radically limits the dispersion of bone



dust, and ultimately increases the total harvestable yield of the carcass while protecting its
hygienic integrity”.

Ergonomics and Musculoskeletal Strain

Manual carcass fabrication subjects the operator to extreme biomechanical strain.
Comprehensive research into the ergonomics of meat cutting demonstrates that cutting
moments (the rotational force required to move the blade through the tissue) and grip forces
are highly dependent on blade sharpness and the anatomical location of the cut®’. During
routine beef rib and loin trimming operations, professional meat cutters frequently exert peak
grip forces exceeding 72% of their Maximum Voluntary Contraction (MVC)“°. Maintaining
razor-sharp convex edges on cleavers and utilizing properly tensioned hand saws are
mandatory interventions to mitigate musculoskeletal fatigue, as dull blades require
exponentially higher force vectors®. Furthermore, adjusting table heights—utilizing lower
surfaces for cleaver work to leverage downward body weight, and higher surfaces for the
precision boning of the round—is critical for preventing repetitive strain injuries in the wrists
and lumbar spine®.

The Primary Quartering: The Chicago Break

Following the chilling phase—where the surface temperature is strictly maintained between
4°C and 10°C to inhibit spoilage organisms—the primary dissection commences by halving the
side into a forequarter and a hindquarter'.

In standard North American and IMPS practice, this division is universally known as the
"Chicago break." The separation occurs precisely between the 12th and 13th ribs?. The operator
utilizes a sharp breaking knife to incise the flank and intercostal muscles, following the caudal
contour of the 12th rib upward toward the vertebral column®'. Once the soft tissue is severed,
the manual bow saw is employed to cut transversely through the cartilaginous intervertebral
disc separating the 12th and 13th thoracic vertebrae®.

This specific anatomical partition results in the forequarter comprising approximately 52% of
the total side weight, and the hindquarter comprising 48%"'. Strategically, this cut leaves the
solitary 13th rib attached to the hindquarter, providing critical structural rigidity to the delicate
loin primal during subsequent handling and fabrication’®. In contrast, certain European regions
(such as the UK) may utilize different rib breakpoints, altering the respective weights and
definitions of the resulting fore and hind cuts*.

Dissection and Myology of the Forequarter

The forequarter houses the heavily exercised muscles of the animal's front locomotive and
postural systems. Consequently, it contains a high concentration of dense connective tissue
(collagen and elastin) and robust skeletal structures, yielding cuts that generally require
moist-heat cooking methodologies (braising, stewing) to achieve palatability through the
thermal gelatinization of collagen“. The forequarter is partitioned into four principal primal
cuts: the chuck, the rib, the brisket, and the short plate®’.



Forequarter Primal = Anatomical Principal Culinary
Boundaries Musculature Application
Chuck C1-T5, Ribs 1-5, Serratus ventralis, Braising, Ground
Scapula, Humerus Infraspinatus, Beef, Flat Iron,
Complexus, Triceps = Denver Cut*
brachii
Rib T6-T12, Ribs 6-12 Longissimus dorsi, Dry-heat roasting,
(dorsal) Spinalis dorsi High-heat grilling
(Ribeye)*®
Brisket Ventral to Ribs 1-5, Pectoralis profundi, Slow smoking,
Sternum Pectoralis Curing (Corned
superficialis Beef, Pastrami)*®
Plate Ventral to Ribs 6-12 Diaphragm (crus Fajitas, Braised
and pars costalis) Short Ribs (Skirt,
Hanger)'®
The Chuck Primal

The chuck represents the massive shoulder and neck region of the bovine, accounting for
nearly 26% to 28% of the total carcass weight*. Anatomically, it encompasses the first five ribs,
the cervical vertebrae (C1-C7), the cranial thoracic vertebrae (T1-T5), the scapula (shoulder
blade), and the proximal humerus (arm bone)“.

Separation of the chuck from the rib primal is achieved by executing a straight, transverse cut
between the 5th and 6th ribs®. The operator utilizes a breaking knife to incise the heavy
musculature and a hand saw to sever the spinal column precisely between the 5th and 6th
thoracic vertebrae, followed by a cut through the sternum?. The chuck is subsequently
separated from the ventral brisket by a horizontal cut passing just dorsal to the olecranon
process (elbow joint) of the ulna, establishing the square-cut chuck®.

The internal anatomy of the chuck is extraordinarily complex, comprising dozens of individual
muscles oriented in intersecting planes to support the multi-axial movement of the shoulder.
Historically relegated to ground beef and pot roasts, modern seam-butchery techniques
carefully isolate these muscles to extract high-value steaks:

e The Serratus Ventralis: A massive, fan-shaped muscle that suspends the thorax
between the scapulae. Heavily marbled and featuring a coarse grain, this muscle is
extracted from the underblade to produce the highly sought-after "Denver Cut," which
offers tenderness rivaling a strip steak®.

e The Infraspinatus: Situated in the infraspinous fossa of the scapula. Once a heavy
internal connective tissue seam is meticulously removed, this muscle yields the "Flat Iron"



steak. Scientific sensory panels identify the infraspinatus as the second most tender
muscle in the entire bovine carcass*.
e The Complexus: A smaller muscle that forms the cranial continuation of the ribeye into
the chuck, highly valued for its rich flavor profile.
Manual deboning of the chuck requires the strategic use of a boning hook and a semi-flexible
knife to reflect the musculature away from the prominent spine of the scapula, allowing the
entire blade bone to be lifted away without destroying the underlying shoulder clod™.

The Rib Primal

The rib primal is the most economically valuable section of the forequarter, generating
immense revenue for the processing facility. It spans the dorsal aspect of ribs 6 through 12%. Its
high value is derived from the fact that the primary muscles in this region are postural rather
than locomotive; they do relatively little mechanical work during the animal's life, resulting in
minimal collagen cross-linking, exceptional tenderness, and high levels of intramuscular
adipose deposition (marbling)“®.

The primal is bordered cranially by the chuck (5th/6th rib break), caudally by the loin (12th/13th
rib break), and ventrally by the short plate. The separation from the plate is achieved by a
straight, longitudinal cut across the ribs, typically measured a specified distance (e.g., 3to 4
inches) from the ventral edge of the longissimus dorsi to satisfy IMPS trim specifications (e.g.,
IMPS 109E)*°.

The cross-sectional anatomy of the rib primal reveals two critical muscles that dictate its
commercial value:

1. Longissimus dorsi (Ribeye): The massive, central epaxial muscle that runs parallel to the
vertebral spine. It is the primary muscular component of ribeye steaks and prime rib
roasts”.

2. Spinalis dorsi (Rib Cap): A highly marbled, crescent-shaped muscle that wraps over the
dorsal and lateral aspect of the longissimus. Culinary consensus and sensory evaluations
routinely identify the spinalis as the single most flavorful and tender muscle on the
carcass®,

In traditional manual fabrication, preparing a "standing rib roast" requires the operator to utilize
a heavy cleaver or bow saw to carefully separate the chine bones (the bodies of the thoracic
vertebrae) to allow for eventual carving, while leaving the rib bones intact for aesthetic
presentation and thermal conduction during roasting®. The small, bony projections between
the ribs, known as feather bones, must also be manually extracted®.

The Brisket and Short Plate

The ventral aspect of the forequarter is divided into the brisket/shank complex and the short
plate.

e Brisket and Shank: Located beneath the chuck, containing the sternum, the costal
cartilages, and the distal humerus, radius, and ulna*. The deep and superficial pectoral
muscles (pectoralis profundi and superficialis) form the brisket*®. This muscle group
supports a massive percentage of the animal's live weight; consequently, it is incredibly
dense, heavily interleaved with fat, and strictly requires low-and-slow thermodynamic



degradation (smoking or braising) to render the tough collagen fibers into soluble

gelatin™.

e Short Plate: Located ventral to the rib primal, encompassing the lower portions of ribs 6
through 12®. The plate is highly fatty and contains significant cartilaginous material,
rendering much of it suitable only for ground beef or braised short ribs'®. However, the
critical muscles extracted from the plate are the attachments of the diaphragm. The crus
of the diaphragm forms the hanger steak, a thick, V-shaped muscle with a loose, highly
flavorful grain, while the pars costalis forms the skirt steak, prized for high-heat culinary
applications such as fajitas®.

Dissection and Myology of the Hindquarter

The hindquarter (comprising 48% of the total carcass weight) produces the most expensive,
highly demanded steaks (from the loin) alongside large, economical, extremely lean roasting
joints (from the round). It is partitioned into three major primals: the loin, the round, and the

flank*4.

Hindquarter
Primal

Loin

Round

Flank

Anatomical
Boundaries

T13-L6 to Sacrum

Sacrum, Os Coxae,
Femur, Tibia

Ventral Abdomen

Principal
Musculature

Psoas major,
Longissimus dorsi,
Gluteus medius

Semimembranosus,
Biceps femoris,
Semitendinosus,
Quadriceps

Rectus abdominis,
Obliquus abdominis

The Loin Primal (Short Loin and Sirloin)

The loin is the anatomical continuation of the back, extending from the 13th thoracic vertebra
through the six lumbar vertebrae (L1-L6), terminating at the anterior face of the sacrum'.
Because the lumbar region completely lacks ribs (save for the single 13th rib left during the
Chicago break), the transverse processes of the lumbar vertebrae provide the only bony lateral
support for the musculature'.
The loin is separated from the round (hind leg) by a transverse cut passing just distal to the
ischiatic tuberosity (pin bone) and traversing the ball-and-socket joint where the head of the
femur articulates with the acetabulum of the pelvis*®. The loin is typically sub-divided into the

Culinary
Application

Premium Steaks
(Filet Mignon, NY
Strip, T-Bone,
Sirloin)*4

Roast Beef,
Braising, Jerky, Deli
Meats**

Fajitas, London
Broil, Stir-fry**



short loin (anterior) and the sirloin (posterior) by a straight cut passing between the 5th and
6th lumbar vertebrae®.

The extraordinary economic value of the short loin is predicated on the simultaneous presence
of two distinct muscles situated on opposite sides of the lumbar vertebrae:

1. Longissimus dorsi (Strip Loin): The caudal continuation of the ribeye muscle, located
dorsal to the transverse processes. When removed entirely from the bone, it is marketed
as the New York Strip steak“.

2. Psoas major (Tenderloin): Located ventral to the transverse processes, nestled securely
inside the abdominal cavity*. The psoas major acts merely to flex the hip; because
bovine locomotion relies primarily on the massive muscles of the round, the psoas
performs almost zero mechanical work throughout the animal's life. This results in an
almost total lack of background connective tissue toughness, establishing it as the
absolute most tender muscle in the animal (yielding the filet mignon)*“.

When a hand saw is used to cut transversely across the intact short loin, the resulting bone-in
steaks feature a distinct T-shaped cross-section of the lumbar vertebra. If the cut originates
from the anterior portion of the short loin (where the psoas is anatomically thin), it is classified
as a T-bone steak. If cut from the posterior end (where the psoas expands and thickens,
measuring at least 1.25 inches across the widest point), USDA standards classify it as a
Porterhouse steak“.

The sirloin region, situated over the ilium of the pelvis, is slightly less tender than the short loin
but features superior, robust flavor®’. The gluteus medius (top sirloin) and the tensor fasciae
latae (bottom sirloin, yielding the tri-tip) are the primary muscles of economic interest in this
subprimal“®.

The Round Primal

The round encompasses the entire hind leg and rump, accounting for approximately 22% of the
total carcass weight“®. The underlying osteology is immense, including the femur, the
tibia/fibula, and the posterior aspects of the os coxae (ischium and pubis)'.
Dissection of the round is one of the most physically demanding and technically precise
operations in manual butchery. The initial step requires the extraction of the aitch bone (pubic
symphysis)®. Using a boning knife to closely trace the contours of the obturator foramen and a
saw or cleaver to split the cartilaginous seam, the butcher must peel the heavy meat away
without gouging or scoring the high-value underlying muscles®.
Because the round consists of heavily worked locomotive muscles, it is exceptionally lean and
prone to toughness if cooked improperly. The major subprimals include:
e Top (Inside) Round: Formed by the semimembranosus and adductor muscles, located
on the medial aspect of the femur. It is highly prized for lean, thinly sliced roast beef®,
e Bottom (Outside) Round: Formed by the biceps femoris on the lateral aspect. It
contains more connective tissue and is slightly tougher, making it ideal for braising™.
e Eye of Round: The semitendinosus muscle, a distinct, cylindrical muscle running the
length of the femur. Extremely lean and uniform, it is often utilized for deli meats or jerky
due to its perfect geometry and almost total lack of intramuscular fat*.



e Sirloin Tip (Knuckle): Located anterior to the femur, comprising the quadriceps group
(rectus femoris, vastus lateralis, vastus medialis, vastus intermedius)®'.

The Flank Primal

The flank is the muscular wall of the ventral abdomen, situated directly beneath the loin
contains no bones and is separated from the loin by a straight longitudinal cut, and from the
round by following the natural anterior contour of the leg*’. The primary muscles are the rectus
abdominis and the obliquus abdominis®'.
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The flank is characterized by a coarse, highly visible linear muscle fiber orientation“®. Despite a
high degree of background toughness, the flank steak possesses an intense, robust beef flavor.
To achieve palatability, culinary mechanics dictate that it must be carved in thin slices strictly
perpendicular (against) the muscle grain, thereby mechanically shortening the tough
myofibrillar bundles prior to mastication®.

Skeletal Muscle Histology and Thermodynamic Quality
Control

The anatomical locations and specific physiological functions of the muscles dissected during
fabrication directly dictate the fundamental histological composition of the meat. Skeletal
muscle is broadly categorized into distinct fiber types based on their metabolic and contractile
properties: Type | (slow-twitch oxidative), Type lla (fast-twitch oxidative-glycolytic), and Type
lib/lIx (fast-twitch glycolytic)®'.

Muscles heavily involved in sustained postural support (such as portions of the chuck) feature
higher concentrations of Type | and Type lla fibers, which possess abundant myoglobin
(resulting in a darker red color) and high mitochondrial density®’. Conversely, muscles designed
for rapid, explosive locomotive bursts feature higher proportions of Type llb fibers, which rely
almost exclusively on anaerobic glycolysis®.

The structural characteristics of these fibers play an active, critical role in determining the final
quality of the fabricated meat, particularly regarding Water-Holding Capacity (WHC) and purge
loss (drip loss)®“. Research demonstrates a definitive correlation between a high proportion of
Type lIb fibers and an accelerated post-mortem rate of anaerobic glycolysis. This rapid
accumulation of lactic acid drives a precipitous drop in muscle pH while carcass temperatures
remain high, leading to the premature denaturation of myofibrillar proteins (myosin and actin)®%.
Denatured proteins lose their electrostatic ability to bind water, resulting in meat that
aggressively purges moisture during vacuum storage and retail display, drastically reducing
both juiciness and wholesale yield®.

Furthermore, the physical geometry of the butcher's knife stroke during the final portioning of
primal cuts into retail steaks profoundly influences moisture retention and textural integrity,
particularly when the product is subjected to the commercial freeze-thaw cycle®®. When
operators execute cuts parallel (F-Parallel) to the longitudinal orientation of the muscle fibers,
the fibers remain exposed along their entire lateral length. During freezing, large extracellular
ice crystals form, mechanically shearing the sarcolemma and completely rupturing the
exposed lateral fiber walls®®. Upon thawing, these severely damaged parallel-cut steaks exhibit



catastrophic purge loss and a significant deterioration in measured tenderness®®. Conversely,
when the butcher executes a transverse cut directly across the grain
(M-Vertical/F-Vertical)—the universal standard for portioning the longissimus dorsi into ribeye
and strip steaks—the structural integrity of the lateral muscle fiber walls is preserved,
effectively compartmentalizing the intracellular water and drastically reducing drip loss during
subsequent thawing’.

Regulatory Classification and Yield Standardization

To facilitate commerce, ensure quality consistency, and standardize the vast array of
anatomical variations present in bovine carcasses, the meat processing industry operates
under strict regulatory frameworks. In North America, the USDA Agricultural Marketing Service
(AMS) oversees the Institutional Meat Purchase Specifications (IMPS)".

The IMPS system utilizes a numerical coding structure (specifically the 100 series for fresh
beef) to establish legally binding, science-based descriptions of every anatomical primal,
subprimal, and portion cut'. For example, a wholesale buyer ordering "IMPS 109E" expects a
bone-in, lip-on Ribeye Roast cut exactly to specific anatomical breakpoints®. These
specifications strictly dictate precise anatomical separations, allowable surface fat thicknesses
(e.g., 174 inch, 1/8 inch, or "peeled/denuded"), and weight tolerances, ensuring that buyers
receive a uniform product regardless of the originating abattoir®°.

Concurrently, the USDA administers dual Quality and Yield grading paradigms to assess the
value of the carcass prior to complete fabrication. Quality grades (e.g., Prime, Choice, Select,
Standard) evaluate the physiological maturity of the skeletal cartilage (chine bone ossification)
and the subjective evaluation of intramuscular fat (marbling) within the longissimus dorsi
exposed precisely at the 12th/13th rib interface®.

Yield grades (numbered 1 through 5, with 1 indicating the highest cutability) provide a
mathematical estimation of the total proportion of closely trimmed, boneless retail cuts
derivable from the four major primals (chuck, rib, loin, round)®®. Yield grading relies on highly
specific objective measurements including Hot Carcass Weight (HCW), the total square inch
area of the ribeye muscle, the measured fat thickness over the 12th rib, and the percentage of
internal Kidney, Pelvic, and Heart (KPH) fat®”. By utilizing standard anatomical breakpoints for
dissection, the industry ensures that yield grading algorithms remain accurate, universally
applicable predictors of commercial value across diverse cattle breeds and production
systems. In the European Union, the EUROP grid system is similarly deployed, evaluating
carcasses based on muscular conformation and external fat cover to dictate the wholesale
valuation of the forequarter and hindquarter yields*.

Conclusion

The anatomical dissection and fabrication of the bovine carcass is a meticulous, multi-tiered
discipline that transforms raw agricultural output into highly refined culinary ingredients.
Achieving optimal yield and sensory quality requires the operator to synthesize a deep,
academic understanding of bovine osteology and muscle physiology with precise, highly
demanding mechanical skills. The mastery of traditional manual tools—specifically the strategic



deployment of the forged meat cleaver for high-impact joint separation and the narrow-kerf
butcher's bow saw for precision bone reduction—remains an indispensable skill set for
mitigating catastrophic bone dust contamination, maximizing edible yield, and ensuring the
absolute hygienic integrity of the final product.

By strictly adhering to the standardized anatomical boundaries separating the chuck, rib, plate,
brisket, loin, round, and flank, butchers accurately isolate muscle groups possessing wildly
varying functional, biomechanical, and histological properties. Whether separating the heavily
worked, collagen-dense serratus ventralis of the forequarter for braising, or meticulously
isolating the ultra-tender, non-locomotive psoas major of the lumbar region for premium
steaks, the methodology of dissection is dictated entirely by the underlying evolutionary
architecture of the animal. Ultimately, the successful execution of this anatomical partitioning
guarantees compliance with rigid institutional specifications, optimizes post-mortem
physicochemical stability, and ensures the delivery of a superior, microbiologically sound
product to the global market.
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