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Introduction 
The conversion of a living bovine animal into a sanitary, edible carcass is a highly complex, 
multi-stage engineering and biochemical process. Within the high-throughput abattoir, the 
primary objective is to execute this conversion while strictly mitigating the transfer of 
pathogenic microorganisms—specifically Escherichia coli O157:H7, Salmonella spp., and 
Campylobacter spp.—from the external hide and the internal gastrointestinal (GI) tract to the 
sterile muscle tissue1. The hygienic integrity of a beef carcass is directly proportional to the 
precision of the physical interventions utilized during dressing. A single procedural failure, such 
as the accidental laceration of the rumen, the incomplete sealing of the rectum, or the 
aerosolization of spinal cord tissue, can result in catastrophic contamination, leading to the 
immediate condemnation of the carcass or necessitating severe trimming protocols4. 
This report provides an exhaustive analysis of the critical procedures governing humane and 
hygienic bovine slaughter. It explores the neurophysiology of concussive stunning, the 
hemodynamics of exsanguination, mechanical flaying kinematics, and the highly sensitive 
evisceration process. Emphasis is placed on the precise anatomical landmarks, specialized 
tooling, regulatory frameworks, and procedural sequencing required to guarantee zero rupture 
of the alimentary canal. 

The Neurophysiology and Execution of Humane 
Dispatch 
Prior to any exsanguination procedure, the animal must be rendered immediately and 
irreversibly insensible to pain. The humane euthanasia and slaughter of bovine species 
represent a complex intersection of veterinary neuroanatomy, biomechanics, and applied 
physics7. The fundamental objective is to induce a catastrophic, short-term disruption of nerve 
function, globally depolarizing neuronal membranes and triggering an uncontrolled release of 
excitatory neurotransmitters accompanied by an acute rise in intracranial pressure7. 
Cranial Osteology and Biomechanical Resistance 
The success of physical stunning is opposed by the robust architecture of the bovine skull, 
which has evolved to withstand massive blunt force. The expansive frontal bone features 
cavernous, air-filled frontal sinuses located between the outer and inner bony tables, which act 
as highly effective biomechanical crumple zones7. The total tissue thickness—comprising hide, 
subcutaneous tissue, the outer bony plate, the sinus cavity, and the inner bony plate—averages 



46.7 mm at the ideal frontal shot placement in mature Holstein cows, with the targeted 
thalamus located at a depth of approximately 92.2 mm7. Dimorphic variations dictate that 
mature bulls and certain dual-purpose breeds possess heavily ossified cranial vaults and 
expanded sinus cavities, requiring significantly more kinetic energy to breach7. 
The Penetrating Captive Bolt (PCB) 
The undisputed gold standard for physical stunning is the penetrating captive bolt (PCB). To 
overcome osteological resistance and ensure the bolt retains enough terminal energy to 
macerate the Ascending Reticular Activating System (ARAS), the weapon must generate 
between 300 and 500 Joules of kinetic energy, requiring bolt velocities exceeding 55 meters 
per second (m/s) for standard cattle and 70 m/s for mature bulls7. 
The anatomical placement of the device is critical, as the margin for error is measured in 
millimeters. Modern neuroanatomical consensus dictates a high frontal placement, situated 
precisely on the midline halfway between the top of the poll and a line connecting the lateral 
canthi7. Cadaveric studies demonstrate that this elevated position achieves a 100% success 
rate in disrupting the thalamus, drastically reducing the risk of the bolt passing harmlessly 
ventral to the brainstem7. The device must be held flush and perfectly perpendicular (90 
degrees) to the plane of the frontal bone, aiming directly down the longitudinal axis of the neck 
toward the foramen magnum7. 
Clinical Validation of Insensibility 
Because concussion can be reversible if the brain is not immediately deprived of oxygenated 
blood, operators must rigorously confirm deep unconsciousness prior to hoisting. A properly 
stunned bovine exhibits immediate collapse, loss of rhythmic breathing, and an absence of 
cranial nerve reflexes, including the corneal reflex (blinking when the eyeball is touched) and 
the palpebral reflex7. The animal will frequently exhibit uncoordinated clonic kicking; it is 
paramount to recognize that this post-stun kicking is an anoxic spinal reflex generated by the 
sudden removal of inhibitory signals from the destroyed higher brain centers, not an indicator 
of consciousness7. If nystagmus (eyeball rotation) or rhythmic breathing is present, a 
secondary shot must be applied immediately7. 

The Hemodynamics of Exsanguination 
Exsanguination (bleeding or sticking) is the foundational step in the processing sequence 
following stunning. The physiological goal is the rapid induction of hypovolemic shock, 
dropping the cerebral perfusion pressure to zero and starving the brain of oxygenated blood1. 
The Stun-to-Stick Interval 
The efficiency of exsanguination relies heavily on the residual pumping action of the bovine 
heart. Prolonged intervals between stunning and sticking risk cardiac arrest prior to 
venesection, which traps blood within the capillary beds of the musculature. Regulatory 
frameworks mandate that sticking occur within a maximum of 60 seconds following the 
application of a penetrating captive bolt1. Complete blood removal is physically impossible, 
with approximately 40 to 60 percent of the total blood volume lost during the bleed, and the 
remainder retained in the viscera1. Minimizing residual blood in the lean meat is critical, as the 



heme iron within hemoglobin is a potent promoter of lipid oxidation, leading to rancid odors 
and off-flavors that reduce consumer acceptability1. 
Anatomical Approaches and Venesection Techniques 
The anatomical execution of the stick determines the speed of hemodynamic collapse. 

●​ The Ventral Neck Cut: Historically common, this transverse cut across the throat severs 
the jugular veins and common carotid arteries. However, the highly elastic bovine carotid 
arteries feature thick smooth muscle walls that rapidly contract upon severing, retracting 
deep into their connective tissue sheaths7. This retraction frequently promotes the 
formation of false aneurysms (clots) that physically seal the severed ends, arresting 
blood flow and allowing collateral perfusion via the vertebral arteries7. 

●​ The Thoracic Stick (Brachiocephalic Transection): To circumvent arterial retraction, 
the optimal methodology is the thoracic stick. A specialized knife is inserted at the 
thoracic inlet (the cranial base of the sternum) and directed inward toward the heart, 
severing the massive brachiocephalic trunk and the bicarotid trunk directly at the aortic 
arch1. This induces an immediate, catastrophic drop in systemic blood pressure, draining 
both the carotid and vertebral networks and precipitating total brain death within 10 to 
20 seconds7. 

Hygienic execution: The Two-Knife System 
The external hide of the neck is heavily contaminated with soil, feces, and environmental 
bacteria. If a single knife is used to cut through the hide and sever the arteries, the blade acts 
as a vector, injecting hide-borne pathogens directly into the sterile bloodstream1. To prevent 
this, the "two-knife system" is universally mandated. A primary sterilized knife is used solely to 
incise and reflect the contaminated hide overlying the thoracic inlet. A secondary, sterile 
sticking knife is then inserted into the exposed subcutaneous tissue to sever the vasculature1. 
Between uses, knives must be sterilized in water maintained at no less than 82°C16. 
 

Exsanguination Parameter Optimal Protocol Physiological / Hygienic 
Rationale 

Stun-to-Stick Interval Maximum 60 seconds1 Utilizes residual cardiac 
pumping to maximize blood 
evacuation before arrest1. 

Anatomical Target Brachiocephalic and 
Bicarotid Trunks (Thoracic 
Stick)1 

Prevents false aneurysm 
formation; rapidly drains 
vertebral anastomoses7. 

Hygienic Control Two-Knife System1 Prevents pathogen 
translocation from the 
contaminated hide into the 



sterile vascular bed1. 

Tool Sterilization Water at ≥ 82°C16 Mandated by EU Regulation 
(EC) 853/2004 to destroy 
vegetative bacteria 
between carcasses17. 

Pre-Flaying Interventions and Hide Decontamination 
Following exsanguination, the carcass must be prepared for flaying. The hide is the principal 
reservoir for E. coli O157:H7 and Salmonella entering the slaughterhouse2. Because physical 
removal inevitably creates aerosols and physical contact points, early pre-skinning 
interventions are deployed to lower the initial bacterial load. 
Chemical Decontamination of the Hide 
High-volume facilities frequently employ localized hide decontamination systems applied 
directly to the pattern lines (the lines where the opening cuts will be made). These interventions 
rely on organic acids, strong alkalines, or specialized sanitizers19. 

●​ Organic Acids: The application of 6.0% lactic acid or 5.0% acetic acid alters the surface 
pH, disrupting the proton motive force of bacterial cell membranes18. Studies 
demonstrate that localized lactic acid application reduces Aerobic Plate Counts (APC) on 
the hide by 2.62 log CFU/400 cm², while drastically reducing the prevalence of E. coli 
O157:H718. 

●​ Alkaline and Thermal Treatments: Applications of 2.7% sodium hydroxide (NaOH) or 
hot water (80°C) achieve comparable reductions by causing oxidative damage and 
thermal denaturation of bacterial proteins18. Chemical dehairing, utilizing sodium sulfide 
to completely dissolve the hair along the pattern lines, has also been shown to reduce 
pathogen counts below detectable limits, essentially eliminating the physical vector by 
which feces cling to the animal19. 

Biomechanics of Hoisting and Flaying (Skinning) 
Once exsanguinated and initially decontaminated, the carcass must be suspended to prevent 
the exposed subcutaneous tissues from contacting the floor or the contaminated outer 
surface of the hide, rendering horizontal bed dressing obsolete in modern operations4. 
Legging and Vertical Suspension 
Vertical dressing commences with "legging." The operator makes a longitudinal incision along 
the posterior aspect of the free (unsuspended) hind leg, working from the hock toward the 
toes4. The skin is peeled back to expose the Achilles tendon and the smooth joint immediately 
proximal to the toe4. The hoof is amputated at the break joint, and a sterile shackle is inserted 
beneath the Achilles tendon. A mechanical hoist elevates the leg, transferring the weight of the 
carcass. The process is mirrored on the opposite leg. Once both hind legs are shackled and 
hoisted onto an overhead rail, the carcass hangs in a fully inverted (head-down) position, 
allowing gravity to pull the abdominal viscera away from the pelvic cavity4. 



Fisting and Preservation of the Fell 
The operator executes a continuous mid-ventral incision extending from the thoracic inlet, 
down the brisket, and terminating at the navel4. Medial incisions are made along the inside of 
the forelegs and hindlegs to meet the mid-ventral line. To separate the hide from the 
underlying subcutaneous fat and fascia, operators utilize a technique known as "fisting" or 
deploy blunt-edged pneumatic flaying knives4. 
The critical objective during this manual phase is the preservation of the "fell"—a thin, resilient 
membrane of connective tissue situated between the hide and the carcass4. An intact fell acts 
as a natural physical barrier against bacterial penetration, reduces evaporative moisture loss 
during chilling, and vastly improves the aesthetic quality of the carcass4. Sharp knives are 
strictly minimized to prevent accidental scoring of the fell or the inadvertent removal of 
subcutaneous fat4. 
Mechanical Hide Pullers: Downward Kinematics and Spinal Stress 
To strip the remainder of the hide from the back and shoulders, powerful hydraulic or 
pneumatic machines grip the loosened flaps and utilize mechanical torque26. 

●​ Upward Hide Pulling (UHP): The machine pulls the hide from the shoulders upwards 
toward the rump24. UHP systems are mechanically efficient but hygienically flawed; as the 
hide is pulled upward, soil, hair, and aerosolized particulate matter inevitably rain down 
onto the freshly exposed, sterile tissues of the lower carcass, increasing total viable 
bacterial counts28. 

●​ Downward Hide Pulling (DHP): The industry standard for hygiene is the DHP, which pulls 
the hide from the hindquarters downward over the head26. This continuous downward 
motion ensures that any dislodged debris falls away from the exposed carcass and 
directly toward the floor26. 

While DHP systems optimize hygiene, they exert massive, unyielding downward kinetic tension 
on the bovine spinal column. Without intervention, this force frequently causes severe 
separation or fracturing of the vertebrae, resulting in "broken backs"27. To counteract this 
structural failure, rigid electrical stimulation (ES) probes are applied to the carcass to induce 
violent, tetanic muscle contractions. This artificial stimulation forces the massive longissimus 
dorsi and paravertebral muscles to contract tightly, effectively splinting the spinal column and 
reinforcing it against the downward pull of the DHP machine27. 
The Metabolic Consequences of Electrical Stimulation 
While necessary for skeletal integrity, electrical stimulation drastically alters the 
thermodynamic and biochemical conversion of muscle to meat. ES accelerates the depletion of 
adenosine triphosphate (ATP) and drives the anaerobic glycolysis of muscle glycogen, leading 
to a rapid accumulation of lactic acid and a sharp drop in tissue pH while the internal carcass 
temperature remains high31. 
If the pH falls too rapidly (e.g., reaching 5.5 to 6.0 within 60 minutes) while temperatures 
exceed 35°C, the carcass is subjected to "heat shortening," resulting in severe protein 
denaturation, excessive drip loss, and tough meat31. Conversely, if the carcass is chilled too 



aggressively before rigor mortis sets in and ATP is depleted, "cold shortening" occurs. Cold 
shock triggers a massive, uncontrolled release of calcium ions from the sarcoplasmic reticulum 
into the myofibrillar space, causing the sarcomeres to contract irreversibly into a highly 
toughened state32. Operators must carefully calibrate ES voltages (e.g., reducing from 150V to 
85V) to balance the prevention of broken backs with the optimization of meat tenderness30. 
Mechanical interventions, such as "tenderstretch" (pelvic suspension), can also be utilized to 
physically restrain the muscles from shortening under the influence of gravity31. 
Furthermore, hide-puller damage—where patches of subcutaneous fat are accidentally torn 
away, exposing the underlying muscle—leads to highly uneven chilling rates. Exposed muscles 
chill faster, creating cold-shortening conditions near the surface and heat-shortening in the 
deep core (two-toning). Under grading systems like Meat Standards Australia (MSA), 
hide-puller damage exceeding 10 cm x 10 cm on a primal cut results in the severe downgrading 
of the carcass25. 

Prophylactic Sealing of the Alimentary Tract 
The most critical sanitary intervention prior to evisceration is the hermetic sealing of the 
gastrointestinal extremities. The bovine rumen contains up to 100 liters of acidic, 
bacteria-laden ingesta, while the lower intestines hold significant volumes of highly 
concentrated fecal matter36. If the esophagus (weasand) and the rectum (bung) are not 
completely occluded, the mechanical pressures exerted on the carcass during handling will 
force these fluids out onto the sterile meat, resulting in immediate condemnation or massive 
trimming5. 
Weasand (Esophagus) Rodding and Clipping 
The esophagus is the cranial terminus of the alimentary canal. Following head removal, 
gravitational forces naturally encourage the retrograde expulsion of ruminal contents. To 
prevent this, the weasand must be separated from the trachea and securely occluded36. 

1.​ Tissue Separation: The operator manually isolates the muscular tube of the esophagus 
from the cartilaginous rings of the trachea, cleanly severing it at a 45-degree angle from 
the root of the tongue to facilitate tool insertion36. 

2.​ Application of the Rodder: A specialized metallic tool, known as a weasand rodder, is 
utilized. The distal loop of the rodder is threaded over the free end of the severed 
esophagus. The operator grasps the terminal end of the esophagus, maintaining tension, 
while pushing the rodder upward (cranially) along the esophageal tract36. 

3.​ Stripping the Ingesta: As the rodder is pushed deep into the thoracic cavity toward the 
diaphragm, it physically strips the connective tissue away from the esophagus while 
simultaneously forcing any residual ingesta within the esophageal lumen backward into 
the paunch (rumen)36. 

4.​ Occlusion: Once the rodder reaches the diaphragmatic hiatus at the base of the 
paunch, the operator deploys a sealing mechanism. Modern pneumatic or manual 
dispensers apply a high-density polymer clip (e.g., Adept clip) or a heavy-duty latex 
Elastrator ring directly around the esophagus36. The clip completely occludes the lumen, 
locking via barbed recesses, ensuring a leak-proof seal that contains the stomach 



contents throughout evisceration36. 
Bung Bagging (Rectal Tying) 
The caudal terminus presents an equally severe contamination vector. The rectum and 
associated urinary bladder must be freed from their pelvic attachments and hermetically 
sealed4. 

1.​ Circumferential Incision: Working at the posterior aspect of the suspended carcass, the 
operator utilizes a sanitized knife to make a careful, circumferential incision around the 
anal sphincter. The cut must traverse the muscular attachments of the pelvic floor 
without penetrating the rectal wall38. 

2.​ Traction and Isolation: The rectum (bung) is gently pulled outward to expose a sufficient 
length of the terminal colon38. 

3.​ Bagging and Ligation: To prevent the inadvertent smearing of fecal matter, a sterile 
plastic bag is inverted over the exposed bung. A tight elastic ring (e.g., Maxi-Seal ring) or 
heavy twine is applied tightly around the neck of the bag, sealing the rectum and 
capturing any residual fecal material within the plastic barrier3. 

4.​ Pelvic Drop: Once secured, the encapsulated bung is allowed to drop forward into the 
pelvic cavity, safely isolated4. 

The chronological sequencing of this operation is paramount. Microbiological assessments 
evaluating E. coli O157:H7 and Salmonella incidence demonstrate that performing bung 
bagging prior to any pre-evisceration carcass washing (prewash bagging) is drastically more 
effective than post-wash bagging. If an unsealed rectum is subjected to high-pressure water 
washes, the water pools in the rectal cavity and acts as a vector, flushing fecal bacteria 
outward and massively increasing pathogen incidence on the surrounding hams and flanks 
(from 35% down to 1.7% incidence of EHEC when correctly pre-bagged)3. 

Pelvic Osteology and Aitch Bone Separation 
Before the abdominal cavity can be fully opened, the pelvic girdle must be split to allow the 
safe extraction of the lower digestive tract and urogenital organs. This is achieved by severing 
the pubic symphysis—a cartilaginous articulation connecting the two halves of the pelvis, 
known industrially as the "aitch bone"43. 
Due to the extreme anatomical proximity of the bladder and the previously bagged rectum, 
splitting the aitch bone must be executed flawlessly. Historically, this was achieved using a 
heavy meat cleaver or a reciprocating handsaw. However, manual methods require immense 
physical exertion and carry a high risk of the blade deflecting and slicing into the adjacent 
viscera, which would instantly flood the cavity with urine and feces45. 
Modern abattoirs utilize specialized, hydraulically powered aitch bone cutters (e.g., Jarvis 
Model 30CL-ABC)46. These tools feature a guarded, dual-action scissor mechanism or a 
blunt-nosed circular blade that slides seamlessly into the ischiatic notch46. Operating at 
pressures up to 1,500 psi, the hydraulic cutter applies focused, controlled pressure precisely 
along the cartilaginous seam of the pubic symphysis, cleanly snapping the bone apart without 
projecting sharp edges into the pelvic cavity46. By automating this process, a single operator 
can safely process over 370 carcasses per hour while virtually eliminating the risk of puncturing 



the bladder or shearing the bagged rectum46. 

Abdominal Opening and Evisceration Dynamics 
Evisceration is the systematic removal of the internal organs. Because the digestive tract is 
essentially a continuous tube of high-density bacterial colonization suspended within a sterile 
cavity, the operator must rely on meticulous knife work and gravity to extract the mass intact4. 
Evisceration is typically conducted with the operator standing on an elevated, synchronized 
platform that moves parallel to the suspended carcass. 
Midline Incision and Paunch Extraction 
The operator utilizes a specialized skinning knife with a blunted or guarded tip. The initial 
incision begins at the split aitch bone and moves downward along the ventral midline (linea 
alba) toward the sternum4. To physically shield the massive, underlying rumen from the sharp 
edge of the blade, the operator inserts two fingers into the initial incision, pulling the abdominal 
wall outward and guiding the knife blade between the fingers4. A single puncture to the rumen 
at this stage will result in the immediate spilling of highly acidic, bacteria-laden ingesta, 
necessitating severe condemnation4. 
Once the abdominal wall is fully opened, the immense weight of the bovine gastrointestinal 
tract causes it to bulge forward. The operator reaches into the pelvic cavity to grasp the 
previously bagged rectum. By applying gentle, downward traction, the rectum, large intestine, 
and the massive ruminant stomachs (rumen, reticulum, omasum, and abomasum) are pulled 
free from their mesenteric attachments4. Because the weasand was clipped and the bung was 
bagged, the entire alimentary canal acts as a sealed, impermeable unit. Gravity assists the 
operator in rolling the entire paunch out of the abdominal cavity, allowing it to drop cleanly into 
a sanitized viscera cart or onto a moving top table for veterinary inspection24. 
Separation of the Pluck 
Following the removal of the digestive tract, the operator addresses the thoracic cavity to 
remove the "pluck"—a collective term for the heart, lungs, trachea, and liver4. 

1.​ Diaphragmatic Incision: The thin, muscular sheet of the diaphragm, which separates the 
abdominal and thoracic cavities, is incised along its peripheral attachments to the ribs4. 

2.​ Hepatic Handling: The liver is carefully detached. Extreme caution must be exercised to 
avoid compressing or nicking the gall bladder, which rests in a lobe of the liver. Bovine 
bile is intensely bitter and highly alkaline; any spillage will permanently stain and taint the 
surrounding meat, rendering it unfit for consumption4. 

3.​ Thoracic Evacuation: The operator grasps the trachea and pulls downward, extracting 
the lungs and heart as a single, connected unit4. 

Carcass Splitting and Neurological Hazard Mitigation 
With the carcass completely eviscerated, it is split longitudinally down the exact center of the 
vertebral column into two equal halves. This is accomplished utilizing heavy-duty electric or 
hydraulic band saws24. While splitting facilitates rapid chilling, it introduces one of the most 
severe regulatory and public health hazards in modern bovine processing: the aerosolization 
and cross-contamination of central nervous system (CNS) tissue6. 



The Threat of Bovine Spongiform Encephalopathy (BSE) 
The brain and spinal cord of cattle are the primary reservoirs for the misfolded prion proteins 
responsible for Bovine Spongiform Encephalopathy (BSE), the causative agent of variant 
Creutzfeldt-Jakob disease (vCJD) in humans53. During the splitting process, the teeth of the 
high-speed band saw obliterate the vertebral column, shredding the spinal cord and 
generating a fine aerosol of bone dust and CNS tissue6. Epidemiological modeling and 
PCR-based tissue assays utilizing glial fibrillary acidic protein (GFAP) as a marker have 
demonstrated that a single saw blade contaminated with infected spinal cord tissue can 
transfer between 7 and 61 mg of CNS material onto the subsequent five to eight carcasses 
processed on the same line6. 
SRM Regulatory Frameworks and Vacuum Extraction 
To mitigate this hazard, international bodies (such as the European Food Safety Authority and 
the USDA) enforce stringent protocols for the removal of Specified Risk Material (SRM)53. EU 
Regulation (EC) No 999/2001 strictly defines what constitutes SRM based on the 
epidemiological risk profiles of the animal's age59. 
 

Anatomical Tissue Age Threshold for SRM 
Classification (Bovine) 

Regulatory Mandate (EU 
Reg 999/2001) 

Tonsils, Intestines, 
Mesentery, Caecum 

All Ages Must be removed and 
destroyed as Category 1 
waste58. 

Skull, Brain, Eyes, Spinal 
Cord 

Over 12 Months Total removal; skull 
processing strictly 
segregated58. 

Vertebral Column & 
Dorsal Root Ganglia 

Over 30 Months Carcass must be labeled 
(e.g., blue stripe); bone-in 
cuts prohibited. Column 
removed at authorized 
cutting plants58. 

To prevent the dissemination of CNS tissue, the spinal cord must be extracted in its entirety 
immediately after (or occasionally before) splitting. Modern facilities utilize specialized 
pneumatic Spinal Cord Remover (SCR) vacuum systems64. These lightweight, high-suction 
handpieces feature a specialized rotary blade that traces the spinal cavity, cleanly severing the 
spinal ganglia and vacuuming the delicate dura mater and cord tissue directly into a sealed 
containment vessel64. 
The extracted tissue is treated exclusively as Category 1 Animal By-Product under EU 
Regulation (EC) No 1069/2009, representing the highest risk class. Category 1 material 



mandates immediate staining with a visual dye (e.g., Brilliant Blue FCF) and complete 
destruction via high-temperature incineration59. Conversely, edible byproducts and tissues 
from healthy animals not intended for human consumption are classed as low-risk Category 3 
materials, which may be repurposed into pet foods following heat treatment69. 

Modernization of Post-Mortem Inspection 
Following evisceration and splitting, the carcass and its corresponding viscera undergo 
rigorous post-mortem veterinary inspection to identify gross pathological lesions, parasitic 
infections, or systemic disease that would render the meat unfit for human consumption50. 
Historically, post-mortem inspection required the routine palpation and deep incision of 
numerous anatomical structures, including the retropharyngeal, mandibular, and mesenteric 
lymph nodes, as well as the masseter muscles via "tongue dropping"50. However, contemporary 
microbiological risk assessments determined that routine, mandatory incisions with a knife 
frequently act as a vector, cross-contaminating otherwise clean carcasses with Salmonella and 
E. coli73. 
Consequently, regulations such as EU Commission Implementing Regulation 2019/627 and 
recent USDA FSIS directives have shifted toward a predominantly visual inspection paradigm 
for young, healthy cattle50. Routine incisions of the gastric and mesenteric lymph nodes, and 
the mandatory dropping of the tongue to incise the mandibular nodes, have been explicitly 
removed from routine inspection protocols unless specific visual abnormalities dictate further 
pathological investigation50. This modernization limits unnecessary physical contact, 
significantly reducing the microbial footprint on the final carcass. 

Terminal Antimicrobial Interventions 
Despite the rigorous application of weasand clipping, bung bagging, and intact evisceration, 
microscopic trace contamination may still occur due to the aerosolization of fluids or 
unavoidable hide contact. Regulatory agencies maintain a strict "zero tolerance" policy for any 
visible feces, ingesta, or milk on the carcass80. 
If visible contamination is present, it must be physically removed via knife trimming80. While 
trimming physically removes the macroscopic hazard, it is highly labor-intensive, causes 
economic loss through reduced carcass yield, and can inadvertently spread microscopic 
bacteria to adjacent tissues via the knife blade if hygienic protocols fail81. Washing an 
un-trimmed carcass is equally problematic, as the water pressure simply redistributes the fecal 
matter over a wider surface area81. 
To ensure absolute safety, high-volume abattoirs employ a multi-hurdle approach utilizing 
whole-carcass antimicrobial interventions prior to chilling. The split sides pass through 
automated washing cabinets82. 

1.​ Hot Water Pasteurization: The carcass is subjected to a pressurized deluge of water 
heated to between 74°C and 85°C. This high-temperature wash induces rapid thermal 
shock in surface bacteria, yielding a reliable 1.5 to 2.0 log CFU/cm² reduction in aerobic 
plate counts without leaving chemical residues82. 

2.​ Organic Acid Sprays: Following thermal treatment, the carcass is sprayed with a 2% to 



5% solution of lactic acid or acetic acid at approximately 42°C to 55°C20. Organic acids 
disrupt the proton motive force across bacterial cell membranes, lowering the surface 
pH to levels intolerable for enteric pathogens. Lactic acid washes consistently 
demonstrate reductions of up to 3.0 log CFU/cm² of E. coli and Salmonella, providing a 
critical final bacteriostatic hurdle before the meat enters the cold chain20. Furthermore, 
steam vacuuming systems can be deployed to spot-treat small areas of contamination, 
utilizing steam and vacuum pressure to destroy and remove localized bacterial clusters, 
achieving log reductions comparable to severe knife trimming85. 

Thermodynamic Chilling and Meat Maturation 
The final stage of the slaughter process involves the rapid extraction of residual body heat. The 
objective is to drop the temperature of the carcass into a zone that inhibits the proliferation of 
spoilage organisms (e.g., Pseudomonas spp.) and foodborne pathogens92. 
Under older mandates within EU Regulation (EC) No 853/2004, bovine carcasses were required 
to be continuously chilled until a core temperature of no more than 7°C (and 3°C for offal) was 
achieved prior to transport95. However, recent thermodynamic modeling by EFSA 
demonstrated a critical reality: because almost all pathogenic contamination (e.g., Listeria 
monocytogenes, Yersinia enterocolitica) resides exclusively on the surface of the carcass 
rather than deep within the sterile muscle core, surface temperature is a vastly superior metric 
for controlling bacterial growth93. 
Consequently, regulatory flexibility now permits the transport of bovine carcasses before the 
deep core reaches 7°C, provided the surface temperature is strictly chilled to and maintained 
between 4°C and 10°C, combined with defined chilling durations (e.g., achieving target surface 
temperatures within 20 to 24 hours post-slaughter)93. This thermodynamic approach ensures 
that the highly susceptible external tissues, where pathogens from the hide or evisceration 
process may have settled, are immediately secured in a state of bacteriostatic stasis. 
Furthermore, if the beef is to be subjected to dry-aging—a maturation process relying on 
endogenous enzymatic breakdown of muscle fibers to enhance tenderness and flavor—strict 
atmospheric controls must be maintained. To comply with hygiene requirements, dry-aging 
must occur at surface temperatures between -0.5°C to 3.0°C, with a relative humidity not 
exceeding 85%, and constant airflow between 0.2 to 0.5 m/s for a maximum of 35 days 
post-slaughter100. 

Conclusion 
The hygienic slaughter of a bovine animal transcends basic agricultural processing; it is a highly 
orchestrated application of neuroanatomy, biomechanical engineering, and microbiological 
control. The successful conversion of a heavily contaminated live animal into a sterile carcass 
requires absolute adherence to structured methodologies. The deployment of high-velocity 
captive bolts ensures a humane death, while precise thoracic sticking maximizes 
exsanguination and limits subsequent lipid oxidation in the meat. To prevent the catastrophic 
rupture of the gastrointestinal tract, operators must flawlessly execute the clipping of the 
weasand, the pre-wash bagging of the rectum, and the hydraulic splitting of the aitch bone. 
When these localized interventions are coupled with downward-trajectory hide pullers, 



vacuum-assisted spinal cord removal to mitigate BSE risks, and terminal lactic acid 
decontamination, the abattoir successfully neutralizes the profound risks posed by enteric 
pathogens. Through the rigorous integration of these biomechanical and sanitary protocols, 
the industry ensures the production of a microbiologically sound, high-quality food product 
that strictly adheres to the highest echelons of international food safety and animal welfare 
standards. 
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