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Evisceration and Carcass Quality 
Control 
Introduction to Poultry Processing Dynamics 
The transition of live avian muscle into safe, high-quality, and structurally sound meat is a highly 
complex, multidisciplinary process governed by rigorous biochemical, thermodynamic, and 
anatomical parameters. In commercial and small-scale poultry processing, operations must 
strike a delicate equilibrium between animal welfare, hygienic extraction of viscera, and the 
preservation of myofibrillar integrity. Modern poultry processing relies on a carefully 
orchestrated continuum of events: precision ante-mortem feed withdrawal, humane stunning 
and exsanguination, thermally calibrated scalding, mechanical defeathering, and meticulous 
evisceration. 
A central challenge in this continuum—and a primary focus of this analysis—is the safe and 
efficient drawing (evisceration) of the carcass, specifically concerning the preservation of 
internal organ integrity. The extraction of the hepatic mass demands extreme anatomical 
precision; puncturing the gallbladder during this phase results in the immediate release of 
biliverdin-rich bile, which irreversibly stains and chemically degrades the surrounding 
myofibrillar tissue, invariably leading to localized trimming or total carcass condemnation1. 
Furthermore, the processing continuum does not end on the evisceration line; it extends into 
post-mortem thermodynamic chilling and the enzymatic biochemistry of rigor mortis, where 
the activation of endogenous proteolytic systems dictates the ultimate textural and sensory 
quality of the meat3. The ensuing analysis provides an exhaustive, expert-level examination of 
each phase of the poultry processing sequence, integrating legal welfare frameworks, 
microbiological control mechanisms, anatomical extraction techniques, and the molecular 
biology of muscle tenderization. 

Ante-Mortem Management: The Physiology of Feed 
Withdrawal 
The processing sequence fundamentally begins hours before the bird reaches the slaughtering 
facility through the strategic initiation of feed withdrawal. The overarching objective of feed 
withdrawal is to achieve a state of complete gastrointestinal evacuation, minimizing the 
volumetric presence of ingesta and fecal matter within the crop, proventriculus, gizzard, and 
intestines5. Proper evacuation drastically reduces the statistical probability of intestinal 



laceration and subsequent microbial cross-contamination during mechanical or manual vent 
cutting and evisceration. 
The optimal temporal window for feed withdrawal in broiler chickens is universally recognized 
as 8 to 12 hours prior to the anticipated time of slaughter, with catching operations ideally 
occurring within the first five hours of this window5. Deviations from this precise timeline 
induce severe physiological complications that ripple throughout the entire processing line. 
If the withdrawal period is truncated (under 8 hours), the avian crop and upper gastrointestinal 
tract remain densely engorged with feed. Because birds lack a diaphragm, suspending a bird 
with a full crop on an overhead processing shackle exerts immense mechanical pressure on the 
esophagus and trachea. This physical compression restricts respiration, inducing acute panic, 
violent wing flapping, and subsequent hemorrhaging in the pectoralis major (breast) muscles, 
which negatively impacts meat quality1. Furthermore, a distended crop is highly susceptible to 
rupturing during the neck-cropping phase of evisceration. When the crop ruptures, raw, 
undigested feed spills into the sterile abdominal cavity, adhering to the visceral fat and muscle 
fascia. This organic matter is notoriously difficult to wash away, frequently necessitating the 
trimming of valuable tissue or the total condemnation of the carcass due to excessive bacterial 
loads1. 
Conversely, an excessively prolonged feed withdrawal (exceeding 12 hours) initiates a cascade 
of detrimental metabolic and physical shifts. As the bird enters a state of caloric deficit, the 
intestines begin to atrophy and dehydrate, rendering the intestinal mucosal walls highly friable 
and susceptible to tearing during the initial abdominal incision1. During digestion, birds utilize 
three reverse peristalsis actions: from the gizzard/proventriculus to the crop, from the small 
intestine to the gizzard, and from the large intestine to the ceca. During prolonged fasting, the 
internal cutica gastrica of the gizzard hardens and becomes stained by bile, requiring excessive 
pressure during the mechanical gizzard peeling process, which can reduce gizzard meat yield 
by upwards of 20 percent5. 
Most critically for the evisceration process, prolonged fasting alters the dynamics of the avian 
biliary system. The liver—functioning as the primary hepatic energy reservoir—continues to 
synthesize bile continuously up until the moment of slaughter1. However, without the periodic 
stimulation of feed entering the duodenum to trigger the release of cholecystokinin (the 
hormone responsible for gallbladder contraction), the gallbladder does not empty. 
Consequently, the gallbladder progressively distends, its walls stretching to their absolute 
physiological limits, becoming dangerously thin, fragile, and highly susceptible to rupture 
during visceral harvesting1. Simultaneously, the liver begins to deplete its stored glycogen to 
maintain basic metabolic homeostasis, causing the hepatic tissue to shrink and darken1. This 
glycogen depletion has profound secondary consequences on post-mortem meat quality, as 
glycogen is the primary substrate for post-mortem anaerobic glycolysis; without sufficient 
glycogen, the post-mortem muscle cannot generate adequate lactic acid, leading to an 
abnormally high ultimate pH in the meat3. 

Humane Culling: Stunning and Dispatch 
Methodologies 



The humane slaughter of poultry is strictly regulated across global jurisdictions, particularly 
within the European Union under frameworks such as the Tierschutz-Schlachtverordnung 
(TierSchLachtV) and the overarching Regulation (EC) No 1099/2009. The primary objective of 
these regulations is to ensure that animals are rendered entirely unconscious and insensible to 
pain prior to the initiation of exsanguination (bleeding), and that this state of unconsciousness 
persists unequivocally until death occurs via cerebral hypoxia and exsanguination7. 
Electrical Water Bath Stunning Parameters 
In commercial high-throughput operations, the multi-bird electrical water bath is the most 
prevalent stunning methodology. Birds are shackled by the tarsi (legs) to a grounded overhead 
conveyor and passed over a water bath containing an active electrode. When the bird's head 
contacts the electrified water, an electrical circuit is completed, and current flows through the 
brain and somatic structures9. 
The neurophysiological efficacy of electrical stunning is highly dependent on the waveform, 
frequency, and average current intensity. European regulations mandate specific minimum 
currents depending on the frequency of the electrical output to guarantee the induction of 
epileptiform activity in the electroencephalogram (EEG), which is synonymous with profound 
unconsciousness. 
Table 1: Minimum Regulatory Current Intensities for Poultry Water Bath Stunning 

Target Species Frequency Range Minimum Current 
Required 

Chickens (Broilers/Layers) < 200 Hz 100 mA 

Chickens (Broilers/Layers) 200 to 400 Hz 120 mA 

Chickens (Broilers/Layers) > 400 Hz 150 mA 

Turkeys < 200 Hz 250 mA 

Turkeys 200 to 400 Hz 400 mA 

Quail Any applicable 60 mA 

Data synthesized from TierSchLachtV and European regulatory guidelines7. 
While low-frequency alternating currents (e.g., 50 to 60 Hz) are highly effective at inducing 
instantaneous unconsciousness and ventricular fibrillation (cardiac arrest), they frequently 
cause extreme tetanic muscle spasms. These violent somatic contractions can result in the 
fracturing of the clavicle or coracoid bones, joint dislocations, and the rupturing of deep 
capillary beds within the breast meat. This capillary rupture leads to severe blood spotting and 



the subsequent economic downgrading of the carcass9. 
To mitigate skeletal and vascular damage, modern processors frequently utilize higher 
frequency currents (e.g., 300 to 1500 Hz alternating current, or pulsed direct current with 
specific mark:space ratios). Higher frequencies adequately stun the central nervous system 
and induce the required loss of consciousness while significantly minimizing violent somatic 
muscle contractions, thereby preserving carcass quality9. EFSA guidelines stipulate that the 
duration of exposure to the electrified water bath must be a minimum of four to seven 
seconds, operating at a voltage greater than 110V, to ensure the stun persists throughout the 
subsequent bleeding phase9. 
Cervical Dislocation and Blunt Force Trauma 
For small-scale operations, localized on-farm culling, or rapid disease eradication protocols, 
mechanical and manual methodologies are deployed as alternatives to electrical stunning. 
Cervical dislocation involves the deliberate and forceful stretching and twisting of the bird's 
neck to physically separate the cervical vertebrae from the cranium. This action simultaneously 
severs the spinal cord, ruptures the carotid arteries, and tears the jugular veins14. When 
performed correctly with an angular tilt of the head, it induces rapid cerebral ischemia and 
unconsciousness15. 
However, neurobiological assessments by the European Food Safety Authority (EFSA) indicate 
that manual cervical dislocation may not reliably induce immediate unconsciousness in all 
instances, as brainstem function can occasionally persist for several seconds 
post-dislocation14. Consequently, under strict legal frameworks like TierSchLachtV, manual 
cervical dislocation is heavily restricted. It is typically permitted only as a backup method or for 
emergency euthanasia (Nottötung), strictly limited to birds weighing less than 3 kg, and 
restricted to a maximum of 70 birds per operator per day to prevent mechanical failure due to 
human fatigue7. For birds heavier than 3 kg (such as mature turkeys or large dual-purpose 
roosters), mechanical cervical dislocation devices (such as crushing pliers or the broomstick 
method) must be employed to generate sufficient force14. 
Blunt force trauma (Kopfschlag) involves delivering a severe percussive blow to the cranium 
with a heavy, blunt instrument, inducing instantaneous concussion, cortical depression, and 
brain death. Legal frameworks classify this strictly as a "simple stunning method," explicitly 
requiring that it be followed immediately (within seconds) by a death-inducing procedure, such 
as exsanguination7. Similar to manual dislocation, this method is generally restricted by weight 
limits (under 5 kg) and daily numerical limits per operator to maintain welfare standards22. 
Regardless of the selected methodology, operators must possess verifiable technical 
competence (Sachkundenachweis) and must continuously monitor the bird for signs of an 
effective stun prior to making any incisions21. The clinical indicators of absolute 
unconsciousness include the absence of rhythmic breathing (checked at the abdominal vent), a 
complete lack of corneal reflex (blinking when the eye is touched), an arched neck with loss of 
tension, wings held tightly to the body, rigidly extended legs, and the presence of 
uncoordinated, rapid muscle tremors (as opposed to coordinated, purposeful escape 
behaviors or vocalizations)13. 



Exsanguination Dynamics and Rigor Mortis Initiation 
Following the confirmation of an effective stun, exsanguination (sticking) must be initiated 
immediately—typically within 15 seconds—to ensure the bird does not spontaneously regain 
consciousness13. The standard slaughter procedure involves a unilateral or bilateral incision 
across the ventral or lateral aspect of the neck just behind the mandible, severing the common 
carotid arteries and the external jugular veins to maximize rapid blood loss14. 
A critical anatomical and physiological consideration during this phase is the avoidance of 
decapitation or the deep severance of the spinal cord prior to complete bleed-out. The 
American Veterinary Medical Association (AVMA) and EFSA stipulate that simply cutting the 
throat without prior stunning (outside of specific religious exemptions) is unacceptable for 
small flock owners, as the bird can remain conscious and perceptive to pain until cerebral 
oxygen is fully depleted, which may take up to 3 to 4 minutes15. 
Furthermore, if the operator cuts too deeply and severs the spinal cord completely during the 
sticking cut, the central nervous system instantly ceases to transmit autonomic electrical 
signals to the cardiac muscle. This premature cardiac arrest drastically reduces the 
hydrodynamic efficiency of the bleed-out. A actively beating heart is mechanically necessary 
to pump the residual blood volume out of the deep myofibrillar capillary beds and systemic 
organs17. 
Birds that are improperly bled out exhibit darkened, engorged veins in the wings, thighs, and 
breast musculature, rendering the meat visually unappealing to consumers. More critically, 
retained blood is highly nutrient-dense and possesses a neutral pH, rendering poorly bled 
carcasses highly susceptible to accelerated bacterial spoilage and drastically reducing retail 
shelf-life3. Effective exsanguination requires the bird to hang undisturbed for 90 to 120 seconds 
to achieve total physiological depletion and clinical death before the carcass can proceed to 
the thermal scalding phase26. 

Hydrothermal Scalding and Epidermal Histology 
Once physiological death is absolute, the carcass is subjected to controlled hydrothermal 
treatment, universally known as scalding. The fundamental biological purpose of scalding is to 
denature the structural proteins within the feather follicles—specifically the muscles holding 
the feather quills (musculi pennarum)—allowing for the effortless mechanical removal of the 
plumage26. Scalding is arguably the most critical physical parameter in defining the visual 
presentation, epidermal integrity, and shelf-life of the final product, operating on a strict, 
inversely proportional time-temperature matrix. 
The avian integument (skin) is a complex anatomical structure consisting of a deep, 
vascularized dermal matrix, a multi-layered epidermis, and an outermost protective layer 
known as the stratum corneum28. The exact thermal calibration of the scalding water dictates 
the extent of degradation these layers experience. 
Table 2: Thermodynamic Parameters and Phenotypic Outcomes of Poultry Scalding 

Scald Temperature Immersion Epidermal Primary 
Industry 



Classification Range Time Impact Application 

Soft Scald 
(Semi-Scald) 

50°C to 54°C 
(122°F - 130°F) 

120 to 210 
seconds 

Stratum 
corneum and 
epidermal 
layer remain 
entirely intact. 

Fresh market, 
whole birds 
requiring 
premium 
yellow skin 
pigmentation. 

Medium Scald 
(Sub-Scald) 

54°C to 58°C 
(130°F - 136°F) 

60 to 120 
seconds 

Epidermis 
begins to 
break down 
and is partially 
removed 
during 
mechanical 
plucking. 

Mature birds, 
specialized 
market 
segments. 

Hard Scald 
(Full Scald) 

58°C to 66°C 
(136°F - 150°F) 

45 to 90 
seconds 

Complete 
thermal 
destruction 
and removal of 
the entire 
epidermal 
layer. 

Frozen poultry, 
waterfowl, 
products 
destined for 
heavy 
batter/breadin
g. 

Data synthesized from poultry processing thermodynamic literature26. 
Soft Scalding: Preservation of the Epidermis 
For processors aiming to market premium, fresh whole chickens with a characteristic, healthy 
yellow appearance, the soft scald method is an absolute necessity. Operating between 50°C 
and 54°C (122°F to 130°F), this low-temperature protocol transfers just enough thermal energy 
to relax the feather follicles without initiating the denaturation of the stratum corneum or the 
underlying epidermis26. 
Because the outer epidermal layer is meticulously preserved, the naturally occurring 
xanthophyll pigments (carotenoids derived from dietary sources like corn, alfalfa, and marigold 
extract) remain locked within the lipid matrix of the skin, providing a rich, highly desirable yellow 
hue26. While this method protects the aesthetic quality of the bird and reduces moisture 
shrinkage, the lower thermal input dictates that the feathers require slightly more mechanical 
force to remove. Furthermore, microbial destruction in a soft scald tank is minimal; the 



moderate temperatures can theoretically allow robust enteric pathogens, such as 
Campylobacter jejuni and Escherichia coli, to survive the bath and persist on the skin26. 
Hard Scalding: Efficiency and Epidermal Stripping 
Conversely, hard scalding utilizes aggressive temperatures ranging from 58°C up to 66°C (136°F 
to 150°F) for a highly abbreviated duration. This rapid influx of thermal energy completely 
denatures the proteins of the epidermis, causing the outer skin layer to blister and slough off 
entirely during the subsequent mechanical plucking phase26. The complete removal of the 
epidermis exposes the underlying dermal matrix, resulting in a stark white, smooth, or slightly 
pink carcass that is highly receptive to commercial batters and breadings26. 
However, if a hard-scalded carcass is subsequently subjected to air chilling, the exposed 
dermis will rapidly dehydrate, leading to unsightly dark brown, leathery patches on the skin. 
Therefore, hard-scalded birds must invariably be processed through immersion water chillers 
or immediately frozen to prevent severe aesthetic degradation26. 
A critical physical risk inherent to hard scalding is the phenomenon of "over-scalding." If the 
temperature exceeds 66°C or the immersion time is poorly regulated, the intense thermal 
energy penetrates beyond the dermal layer and begins to cook the superficial myofibrillar 
proteins of the pectoralis major. This causes white spotting, known as the "cooked-breast" 
defect, and actively melts the subcutaneous fat layer. This results in a catastrophic loss of yield 
and creates an oily carcass surface that actively favors the retention and adhesion of 
microorganisms26. 

Mechanical Defeathering and Pathogen Vectoring 
Following the controlled thermal relaxation of the feather follicles, the carcass immediately 
enters the mechanical plucking (defeathering) phase. In commercial settings, this is achieved 
via automated, rotating metallic drums lined with specifically calibrated, ribbed rubber plucking 
fingers. 
The durometer (Shore hardness) of the rubber fingers is a crucial operational variable. 
Producing yellow-skinned (soft-scalded) birds requires softer rubber fingers (e.g., Shore 50 to 
58) designed to apply frictional force to strip the plumage without inducing blunt-force 
abrasions that would tear the fragile, thermally retained epidermis31. To maintain the relaxed 
state of the follicles, the plucking tunnel is frequently enclosed, and the birds are continually 
sprayed with warm water (ideally around 50°C) to lubricate the rubber fingers and wash away 
accumulating feathers33. 
While highly efficient, mechanical pluckers act as significant vectors for microbial 
cross-contamination. As the rubber fingers physically beat and compress the carcass, residual 
fecal matter and cloacal excretions are forcefully expelled from the bird's digestive tract. The 
violent mechanical action aerosolizes these biological fluids, heavily seeding the equipment 
with bacteria, specifically Campylobacter spp. and Salmonella. Research continuously 
demonstrates that despite any bacterial log reductions achieved in the scalding tank, the 
defeathering stage frequently negates these reductions entirely, acting as a contamination 
multiplier that spreads pathogens from a single highly colonized bird to hundreds of 
subsequent, initially sterile carcasses traversing the same equipment34. 



Drawing (Evisceration): Anatomical Precision and 
Biliary Management 
Evisceration, or drawing, is undoubtedly the most delicate, surgically demanding, and 
consequential phase of poultry processing. The singular objective is the total extraction of the 
respiratory, digestive, and reproductive tracts without causing any mechanical lacerations that 
would leak highly pathogenic enteric contents or chemically degrading enzymatic fluids into 
the sterile body cavity. The process requires a profound understanding of avian visceral 
topography. 
Shank Severance and Venting 
The evisceration process typically begins with the mechanical or manual severance of the 
shanks (legs) at the hock joint, after which the bird is rehanged by the neck or upper thighs 
depending on the shackle line configuration25. 
The primary abdominal incision is initiated via venting (excision of the cloaca). Using a 
specialized vent-cutting tool or a sharp, narrow boning knife, a precise, shallow circular incision 
is made entirely around the vent, severing the dermal connective tissue while leaving the 
terminal colon and the bursa of Fabricius absolutely intact. If the blade penetrates too deeply 
and nicks the colon, highly concentrated fecal matter—often harboring pathogenic loads of 
Salmonella and Campylobacter—spills directly onto the posterior fat pads and internal 
abdominal walls1. Following a successful vent excision, a longitudinal midline incision is drawn 
upwards from the cloaca to the posterior tip of the sternum (keel bone), fully opening the 
abdominal cavity for extraction1. 
Viscera Extraction and Gallbladder Topography 
The entire viscera pack (the gastrointestinal tract, liver, heart, and spleen) is subsequently 
drawn out of the cavity. In manual operations, this is achieved by inserting the hand flat against 
the breastbone, reaching past the liver to the anterior end of the proventriculus, and pulling the 
entire mass downward and outward in a single, fluid motion25. It is during the subsequent 
separation of the edible giblets (heart, liver, gizzard) from the inedible viscera (intestines, 
spleen, gallbladder) that the most critical anatomical hazard is encountered: the gallbladder. 
The avian liver is a massive, highly vascularized bi-lobed organ occupying the ventral portion of 
the cranial abdomen, resting just below the respiratory diaphragm. The right hepatic lobe is 
significantly larger and more volumetric than the left lobe37. The gallbladder (Vesica fellea)—the 
storage reservoir for bile—is intimately and inextricably associated with the right hepatic lobe. It 
is nested within a specific topographical depression known as the gallbladder fossa (Fossa 
vesicae felleae), located at the delineation between the massive right medial lobe and the 
smaller quadrate lobe37. 
Anatomically, the avian gallbladder is highly pronounced; it frequently exceeds the ventral 
border of the liver, making it visible on both the visceral and diaphragmatic surfaces37. It is 
physically anchored in place by two tiny, fragile ligaments connecting the gallbladder fundus to 
the right medial lobe and the quadrate lobe37. The extrahepatic biliary tree connects this 
complex: the cystic duct (Ductus cysticus) emerges from the proximal neck of the gallbladder, 



showing an obvious constriction before joining the left hepatic duct to form the common bile 
duct, which subsequently empties its concentrated contents into the ascending loop of the 
duodenum37. Because the gallbladder continuously receives bile from the hepatic ducts, it 
operates as a highly pressurized, fluid-filled balloon. 
The Protocol for Safe Biliary Extraction and the Pathophysiology of 
Rupture 
To safely isolate the liver without puncturing the gallbladder, operators must execute a highly 
specific mechanical sequence. First, the operator must never blindly grasp the liver mass by 
the right lobe, as this risks crushing the distended gallbladder embedded within it. Instead, the 
liver should be visually inspected, identifying the dark green vesicular sac protruding from the 
right medial lobe. 
The operator must gently isolate the cystic duct at the base of the gallbladder neck. Rather 
than pulling on the gallbladder body (the fundus)—which places extreme hydraulic pressure on 
the thin walls—the operator should pinch the cystic duct tightly and use a blunt dissection 
technique (or the dull edge of a processing blade) to severe the duct and carefully peel away 
the two tiny connecting ligaments securing it to the liver lobes37. This careful, duct-first 
separation ensures the integrity of the sac remains uncompromised. 
If the bird was subjected to a prolonged feed withdrawal prior to slaughter, this process is 
exponentially more dangerous. The gallbladder will be massively engorged with retained bile, 
its walls stretched to microscopic thinness, ready to rupture under the slightest frictional force1. 
If the gallbladder is punctured by a fingernail, a blade, or if the cystic duct is torn too proximally 
to the neck, raw bile is violently expelled. Avian bile is intensely pigmented due to exceedingly 
high concentrations of biliverdin—a green, tetrapyrrolic bile pigment produced by the 
catabolism of heme2. When biliverdin contacts the exposed, warm myofibrillar proteins of the 
breast, liver, or abdominal cavity, it undergoes a rapid chemical binding process, causing 
indelible, dark green-yellow staining across the tissue1. 
Once a biliary rupture occurs, a strict biological countdown initiates. The operator has exactly 
15 to 20 seconds to aggressively flush the contaminated tissue with copious amounts of 
high-pressure water1. If the biliverdin is allowed to dwell on the tissue beyond this brief 
temporal window, the pigment permeates the cellular matrix of the meat, rendering it 
permanently and irreversibly stained. Meat afflicted with severe bile staining is aesthetically 
unacceptable to consumers, tastes intensely bitter due to the bile salts, and must be partially 
trimmed or wholly condemned by veterinary food safety inspectors, representing a total 
economic loss of the product1. 
Crop and Pulmonary Extraction Techniques 
Following the successful separation and removal of the gastrointestinal and hepatic mass, the 
anterior organs must be addressed. The crop (ingluvies) is a thin, highly muscular 
out-pocketing of the esophagus located at the base of the neck, near the thoracic inlet, 
designed to temporarily store and soften ingested feed47. 
Extracting the crop requires pulling it through the thoracic inlet from the posterior abdominal 
opening, or via a separate anterior incision at the base of the neck. This requires severe physical 



traction. If the bird suffered dehydration due to improper flock management, the crop adheres 
fiercely to the surrounding cervical fascia and skin. Applying blunt force to a dehydrated crop 
drastically increases the risk of the esophageal tract tearing, spilling highly fermentative, 
bacteria-laden feed directly into the neck cavity1. Operators must use a twisting motion, 
ensuring the entire esophageal tract is detached smoothly. Finally, the lungs, which are deeply 
embedded into the intercostal spaces of the dorsal rib cage in birds, are typically removed via 
specialized vacuum aspiration devices to ensure no pulmonary tissue remains to harbor 
spoilage bacteria25. 

Advanced Carcass Decontamination Interventions 
Despite the most stringent hygienic controls and flawless anatomical precision during 
evisceration, microscopic bacterial contamination of the carcass surface is inevitable in 
processing environments. Consequently, modern processing integrates chemical interventions 
prior to chilling to achieve critical log reductions in bacterial populations. 
The application of organic acids, predominantly lactic acid and acetic acid, has proven highly 
effective. When applied as a 1% to 2% solution via warm spray cabinets (operating at pressures 
capable of penetrating the microscopic pores of the skin matrix), lactic acid fundamentally 
disrupts the proton motive force (PMF) across the bacterial cell membrane51. This acidic influx 
acidifies the bacterial cytoplasm, forcing the microorganism to deplete its ATP reserves in a 
futile attempt to pump protons back out, ultimately leading to metabolic exhaustion and cellular 
death51. 
Empirical studies demonstrate that a 2% lactic acid wash can achieve significant log reductions 
(ranging from 1.5 to 2.0 log10 CFU/ml) of Salmonella and Campylobacter on the carcass 
surface35. Alternatively, chlorine compounds (calcium hypochlorite or sodium hypochlorite at 
50 to 100 ppm) or peroxyacetic acid (PAA) are widely utilized in spray or dip applications. PAA 
utilizes intense oxidative stress to irreparably damage bacterial cell walls and denature internal 
proteins, showing massive reductions against Campylobacter populations35. Physical 
interventions are also utilized; short-term hot water immersion (70°C to 80°C for 20 seconds) 
or ultra-cold air treatments (-80°C) can provide mild surface pasteurization, though these must 
be carefully calibrated to avoid cooking or freezing the superficial breast meat56. 

Thermodynamic Chilling and Retained Water 
Regulations 
Following evisceration and decontamination, the internal temperature of the carcass remains 
near the live body temperature of 40°C (104°F)—an optimal thermal environment for the 
exponential proliferation of mesophilic pathogens like Salmonella57. Regulatory agencies, such 
as the USDA Food Safety and Inspection Service (FSIS), mandate that poultry carcasses must 
be chilled to an internal temperature of 4°C (40°F) or below within 4 to 8 hours of slaughter, 
depending on the aggregate mass of the bird57. 
Immersion Chilling Dynamics 
Immersion chilling is the predominant methodology in North America. Carcasses are 
submerged in massive, counter-current auger tanks filled with water and ice (often treated 



with antimicrobial agents like chlorine or PAA)55. The high specific heat capacity of water 
facilitates rapid thermal transfer, bringing the carcass core temperature down to 4°C in 
approximately 50 minutes57. 
However, immersion chilling presents two significant physiological and hygienic challenges. 
First, the communal water bath acts as a potential fluid vector for cross-contamination. If a 
single carcass carrying a massive load of Campylobacter enters the chiller, the pathogen can 
be disseminated through the aqueous medium to thousands of otherwise clean birds, 
necessitating strict, constant chemical control of the chiller water57. Second, immersion chilling 
forces the carcass to act as a cellular sponge. The muscle and skin tissues absorb significant 
amounts of ambient water during the 50-minute immersion, artificially inflating the terminal 
weight of the bird60. 
To prevent economic adulteration and consumer deception, the USDA strictly enforces the 
Retained Water in Raw Meat and Poultry Products rule (9 CFR 441.10)62. Establishments must 
develop a scientifically validated, statistically reproducible Retained Water Protocol (RWP). This 
protocol must empirically demonstrate the exact amount of water absorption that is an 
absolutely unavoidable consequence of meeting the rapid chilling safety requirement while 
maximizing pathogen reduction. Any water retained beyond the naturally occurring moisture of 
the meat must be prominently declared on the consumer label (e.g., "Contains up to 6% 
retained water")60. 
Air Chilling Dynamics 
In European jurisdictions, and increasingly in premium North American markets, air chilling is 
the standard. Carcasses are suspended on overhead shackles and routed through labyrinthine 
chilling chambers where high-velocity cold air is circulated around them55. Because the birds 
do not share a communal water bath, the risk of aqueous pathogen cross-contamination is 
virtually eliminated; pathogens remain localized to individual birds57. 
Thermodynamically, air is a poor conductor of heat compared to water. Consequently, air 
chilling is a highly prolonged process, requiring 90 to 150 minutes to achieve the target core 
temperature of 4°C57. The prolonged exposure to high-velocity air causes moisture to 
evaporate from the carcass surface, leading to slight dehydration and a net yield shrinkage, as 
opposed to the weight gain seen in immersion chilling57. However, culinary professionals and 
consumers often prefer air-chilled poultry, as the lack of retained water leads to superior skin 
crisping during high-heat cooking (Maillard reaction) and prevents the dilution of natural 
intramuscular tissue flavors57. 
Table 3: Comparative Analysis of Poultry Chilling Methodologies 

Parameter Immersion Chilling Air Chilling 

Cooling Medium Agitated cold water and ice. High-velocity cold air 
(sometimes with fine mist). 

Time to 4°C (40°F) ~50 minutes 90 to 150 minutes 



Pathogen Vectoring High risk of 
cross-contamination; 
requires chemical sanitizers 
(PAA, Chlorine). 

Low risk; individual 
carcasses are isolated from 
fluid contact. 

Moisture Impact Absorbs water (increases 
yield); subject to strict 
USDA retained water 
labeling laws. 

Evaporates moisture 
(decreases yield); 
concentrates natural flavor 
profile. 

Operational Impact Smaller physical footprint, 
highly rapid throughput, 
lower energy costs. 

Requires massive 
continuous track systems, 
high energy refrigeration 
demands. 

Data synthesized from chilling methodology, thermodynamics, and regulatory literature57. 

Post-Mortem Biochemistry: Rigor Mortis and 
Enzymatic Tenderization 
The physical processing of the animal concludes with evisceration and chilling, but the 
molecular biological conversion of muscle to meat is just beginning. Following exsanguination, 
the complete cessation of blood flow deprives the muscle tissue of oxygen, forcing the cells to 
shift instantaneously from aerobic respiration to anaerobic glycolysis in a desperate attempt to 
generate Adenosine Triphosphate (ATP) to maintain cellular homeostasis3. 
As anaerobic glycolysis proceeds, glycogen reserves within the muscle are metabolized into 
lactic acid. The rapid accumulation of lactic acid drives the intracellular pH of the muscle down 
from a living physiological pH of roughly 7.0 to an ultimate post-mortem pH of approximately 
5.8 to 6.23. Concurrently, the pool of available ATP is steadily and irreversibly exhausted. 
Without ATP to power the calcium pumps that sequester calcium ions back into the 
sarcoplasmic reticulum, free calcium floods the intracellular space. This forces the myosin 
heads to bind irreversibly to the actin filaments. This permanent, energy-depleted 
cross-bridging forms actomyosin, rendering the muscle physically stiff and rigid—the definitive 
state of rigor mortis3. In poultry breast muscle (pectoralis major), full rigor mortis development 
is remarkably rapid, typically completing within 4 hours, compared to the 24 to 48 hours 
required in beef or pork3. 
If a chicken breast is deboned (cut from the skeletal frame) before this 4-hour rigor mortis 
period is fully resolved, the severed muscle fibers will contract violently without the structural 
restraint of the skeleton, resulting in extremely tough, rubbery meat that is widely rejected by 
consumers65. 



The Calpain-Calpastatin Proteolytic System 
The ultimate tenderness of the meat is achieved during the post-mortem aging process, driven 
entirely by endogenous proteolytic enzymes. As the pH drops and the muscle enters rigor, the 
most critical agents of tenderization—calcium-dependent proteases known as calpains—are 
activated4. 

Avian muscle is biochemically unique; while mammalian muscle relies exclusively on -calpain 

and m-calpain, avian muscle contains -calpain and a specialized, highly active isoform known 

as -calpain69. As calcium concentrations rise in the post-mortem sarcoplasm, these 
calpains are triggered. They specifically target and hydrolyze structural and intermediate 
filament proteins that maintain the rigid alignment of the muscle myofibrils—most notably 
desmin, titin, nebulin, and troponin-T4. 
By enzymatically degrading the Z-discs and severing the linkages between adjacent myofibrils, 
the calpains physically dismantle the microscopic architecture of the muscle cell, converting 
the rigid, cross-linked rigor structure into tender, edible meat67. The exceptionally rapid 
tenderization timeline of poultry (frequently reaching maximum tenderness within just 12 to 24 
hours of storage at 4°C) is directly attributed to the extreme calcium sensitivity and early, 

aggressive activation of the avian-specific -calpain isoforms69. 
This proteolytic destruction is not unchecked; it is carefully modulated by an endogenous 
inhibitor protein called calpastatin, which binds to calpain in the presence of calcium to prevent 
excessive, mushy tissue breakdown4. Furthermore, cellular phenomena such as apoptosis and 
endoplasmic reticulum (ER) stress play synergistic roles in early tenderization, assisting in the 
structural breakdown of the cell72. The ultimate textural and sensory quality of the poultry 
carcass is, therefore, a direct result of the highly regulated, competitive biochemical interplay 
between the destructive force of the calpains and the inhibitory restraint of calpastatin during 
the chilling and post-mortem aging phases67. 

Conclusion 
The successful processing of poultry from live animal to safe, high-quality meat is an intricate 
science that demands absolute precision at every stage of the biological timeline. The physical 
success of the slaughter relies heavily on ante-mortem decisions; the exact duration of feed 
withdrawal dictates the metabolic state of the liver, the structural integrity of the intestines, and 
the hazardous volumetric expansion of the gallbladder. During processing operations, 
personnel must navigate rigorous welfare regulations surrounding electrical stunning and 
exsanguination, balancing the physiological need for an effective bleed-out against the 
preservation of meat quality and skeletal integrity. 
Thermodynamic mastery is required during scalding to protect the delicate epidermal layer for 
aesthetic presentation, while mechanical defeathering and evisceration demand extreme 
anatomical precision. The mitigation of biliary rupture—specifically protecting the myofibrils 
from the destructive, staining properties of biliverdin by carefully isolating the cystic duct and 



gallbladder fossa—represents the absolute pinnacle of manual or automated evisceration skill, 
requiring an immediate high-pressure hydro-flushing response if breached. Finally, the 
strategic deployment of organic acid decontamination and the thermodynamic engineering of 
immersion or air chilling systems secure the microbiological safety of the product, while the 
endogenous calpain enzymes quietly conclude the biochemical conversion of rigid muscle into 
high-quality, tender meat. 
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