Comprehensive Swine Husbandry:
Rearing Systems, Precision Nutrition,
Behavioral Ecology, Waste Valorization,

and Parasitic Biosecurity

Swine Rearing Systems and Environmental
Engineering

Modern domestic swine (Sus scrofa domesticus) production requires precise environmental
engineering, architectural design, and stocking management to optimize physiological
throughput, herd biosecurity, and welfare'. Production facilities are broadly categorized into
intensively managed indoor confinement buildings—featuring slatted concrete or plastic
flooring over deep pit slurries—and extensive or semi-intensive structures that utilize solid
flooring bedded with straw, wood shavings, or sawdust?. Allocation of usable floor space
directly influences social stability, feed conversion efficiency, and pathogen pressure'.
Overcrowding precipitates chronic physiological stress, elevates baseline circulating
glucocorticoids, and exacerbates vices such as tail, flank, and ear biting®.

In nursery units housing weaned piglets from approximately é kg to 25-30 kg, standard
intensive systems allocate 0.30 to 0.40 m* (3.2 to 4.3 sq ft) per piglet on fully slatted flooring'.
For grower-finisher cohorts transitioning from 30 kg to market weights exceeding 125-135 kg,
space allocations increase nonlinearly'. Fully slatted confinement pens provide 0.65 to 0.75 m?
(7.0 to 8.0 sq ft) per animal, whereas solid-floored or bedded housing requires 0.85 to 1.00 m?
(9.1 to 10.8 sq ft) to allow the distinct establishment of lying, feeding, and dunging territories®.
Breeding stock management has undergone significant structural transformation. Concerns
over physical constraint in traditional individual gestation crates have driven regulatory shifts
toward group-housing systems?®. Under statutory frameworks such as California Proposition 12
and European Union Council Directive 2008/120/EC, breeding sows and gilts must be housed in
pens permitting unrestrained posture, including turning around without impediment?®.
Proposition 12 mandates a minimum continuous floor allowance of 24 sq ft (2.23 m?) per
breeding female®. Deep-bedded hoop barns recommended by the Midwest Plan Service
(MWPS) similarly benchmark 24 sq ft per animal within bedded loafing packs, excluding feed
stalls®. Furthermore, crate confinement during the farrowing and lactating periods is
increasingly constrained; standards require that sows are not moved into farrowing stalls earlier
than five days prior to their projected farrowing date, encouraging loose or temporarily
confined farrowing pen architectures’.

Porcine environmental engineering must accommodate the species' distinct thermoregulatory
biology. Pigs possess non-functional apocrine sweat glands and have low



lung-to-body-volume ratios, limiting thermal dissipation through respiration and making
mature stock highly vulnerable to heat stress®. In contrast, neonates enter extra-uterine life
with high surface-area-to-mass ratios, thin subcutaneous fat layers, and limited glycogen
stores, making them susceptible to lethal hypothermia'. Consequently, farrowing rooms
maintain a dual-climate regime: the sow's ambient space is maintained at 18°C to 20°C (64°F to
68°F), while localized microclimate zones (creep boxes or heated mats) supply 32°C to 35°C
(90°F to 95°F) for piglets during their first postnatal week'.
Mechanical ventilation operates via negative-pressure systems that balance convective heat

loss with moisture, carbon dioxide (CO2 ), hydrogen sulfide (

HQS)

, and ammonia (NH3 )

removal®. Flow rate capacities are measured in cubic feet per minute (CFM) across cold, mild,

and hot seasons®.
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Precision Nutritional and Dietary Requirements

Swine possess a monogastric gastrointestinal anatomy reliant on enzymatic breakdown in the
stomach and small intestine, supplemented by limited microbial fermentation in the hindgut'®.
Modern feed formulation utilizes the Net Energy (NE) system rather than Metabolizable (ME) or
Digestible Energy (DE)"". The NE framework accounts for tissue energy retention by subtracting
the heat increment associated with digestion and metabolic waste processing, which is
particularly elevated during the catabolism of excess crude protein and structural fibers'.
Precision amino acid nutrition is predicated on meeting requirements for Standardized lleal
Digestible (SID) essential amino acids rather than total crude protein'. Over-supplying crude
protein increases urinary nitrogen excretion, degrades air quality through elevated ambient
ammonia, and incurs metabolic energy costs for hepatic deamination and renal urea
clearance™. Lysine serves as the universal reference amino acid®. Daily requirements reflect
the summation of basal endogenous maintenance costs and somatic protein accretion'®:

Lysine_ .. .. = 0.036 x BW"™ (g SID Lysine/day)
[cite: 14]
Lysine, . otjon = 0-12 X AP}oq; (g SID Lysine/day)
[cite: 14]
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In these models, metabolic body size ( ) governs somatic turnover, and daily

whole-body protein accretion (APbO‘fly , in grams) is derived by dividing lean carcass tissue
gain by 2.55'. The coefficient 0.12 reflects an average whole-body protein lysine concentration
of 7.0% combined with a 58% partial efficiency of digestible lysine utilization'*. Diets are
balanced according to the Ideal Protein Concept, maintaining fixed ratios of secondary

essential amino acids relative to SID Lysine (100% ): SID Threonine at 60-65%, SID Methionine
+ Cysteine at 55-60%, SID Tryptophan at 18-22%, and SID Valine at 65-70%°.

Mineral nutrition centers on the balance between calcium (Ca ) and phosphorus (P )°.
Phosphorus requirements are expressed on a Standardized Total Tract Digestible (STTD) basis



rather than as total mineral phosphorus®™. Because plant phosphorus is largely bound within
phytate molecules (myo-inositol hexakisphosphate), endogenous porcine enzymes cannot
hydrolyze it efficiently™. Diets are formulated with exogenous microbial 6-phytases (often
derived from fungal or bacterial strains like Aspergillus oryzae or Escherichia coli) to liberate
orthophosphate'. This addition reduces the need for supplemental inorganic dicalcium
phosphate and lowers environmental phosphorus excretion®.

The STTD Ca:STTD P ratio must be tightly managed between 1.1:1 and 1.3:1°. Excessive dietary
calcium forms insoluble calcium-phytate complexes in the duodenum, preventing both native
and supplemental phytase activity and precipitating secondary phosphorus deficiencies®.
Water intake directly determines feed intake and nutrient utilization'. Delivery infrastructure
must ensure appropriate physical heights and flow rates'. Insufficient flow rates cause
frustration, prolong feeder occupancy, and limit feed consumption, while excessive pressure
induces water wastage that inflates manure pit volumes'®. Physicochemical water quality
requires monitoring: Total Dissolved Solids (TDS) must remain below 1,000 mg/L, nitrates below
100 mg/L, and sulfates below 500 mg/L to avoid osmotic diarrhea in weaners'.
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Behavioral Ecology, Foraging Dynamics, and Pasture
Management

Domestic swine retain the fundamental behavioral repertory of Sus scrofa, exhibiting strong
drives for rooting, foraging, and exploratory sniffing that occupy 50% to 70% of their active
daylight hours'®. The porcine snhout is a specialized anatomical organ; the rostral bone (os rostri)
provides rigid structural support to a cartilaginous disc supplied with tactile corpuscles and
motor innervation. This adaptation enables pigs to locate and unearth buried tubers, rhizomes,
earthworms, and subterranean fungi.

In intensive barren environments lacking exploratory substrates, this unsatisfied appetitive
rooting drive frequently redirects toward pen hardware or other pigs, resulting in stereotypic
snout rubbing, sham chewing, bar biting, or systemic tail biting'®. Supplying manipulable,
destructible rooting substrates—such as long-stemmed straw, pine shavings, or compost—is
critical for satisfying this instinct and reducing aggression'®.

Pastoral production systems leverage this behavioral drive by incorporating pasture foraging
into the nutritional regimen'®. The agronomic sward is typically established using mixtures of
deep-rooted, drought-tolerant legumes (such as alfalfa, Medicago sativa, or white clover,
Trifolium repens) and sod-forming perennial grasses (including perennial ryegrass, Lolium
perenne, and orchardgrass, Dactylis glomerata)". Mature gestating sows possess the
functional large-intestinal volume and microbial diversity to digest fibrous biomass, obtaining
20% to 40% of their maintenance energy from pasture fermentation.

In contrast, growing and finishing pigs have smaller gastrointestinal capacities, rapid transit
rates, and high nutrient requirements for somatic protein deposition, limiting their nutritional
contribution from swards to between 5% and 15% of daily dry matter intake'®. Consequently,
growing pigs maintained on pasture require daily supplementation with balanced grain
concentrates to prevent deficits in net energy and essential amino acids'®.

Unmanaged pastoral swine often cause significant ecological disturbance'®. Concentrated



rooting tears the root zone of forages, turning vegetation into bare, compacted soil within
days'™. This bare ground accelerates rainfall runoff, soil erosion, and localized leaching of urinary
nitrogen and fecal phosphorus into surrounding watersheds. Paddock management strategies
rely on rotational grazing or strip stocking. Swards are subdivided into discrete paddocks,
grazing cohorts at 10 to 15 gestating sows per hectare (4 to 6 per acre) or 25 to 30 grow-finish
pigs per hectare. Paddock transitions occur when vegetation height drops below 5 to 8 cm,
followed by a minimum rest period of 4 to 8 weeks to allow vegetative root recovery and sward
re-establishment.

A traditional intervention to suppress rooting damage was snout ringing, involving the insertion
of wire rings through the dorsal rim of the snout cartilage to elicit discomfort whenever
downward rooting pressure was applied. However, ethological evidence demonstrates that
ringing frustrates innate exploratory behaviors, causing negative affective states and impairing
welfare'®. Organic production standards, notably European Union Regulation (EU) 2018/848,
largely prohibit snout ringing'®. Producers operating under strict welfare schemes instead use
rotational grazing schedules, establish sacrifice paddocks during wet seasons, integrate
root-resilient grass varieties, and offer supplemental roughage (such as silage or hay) to
mitigate ground disturbance’®.

Pasture exposure also re-establishes parasite transmission cycles that are largely disrupted in
concrete indoor housing. Rearing swine on open ground exposes herds to several major
helminths:

e Ascaris suum (Large Roundworm): Thick-coated eggs shed in swine feces can persist
in pastoral soils for 5 to 10 years'. Ingested embryonated eggs hatch in the duodenum,
after which larvae penetrate the intestinal mucosa, enter the mesenteric venules, and
migrate through the hepatic parenchyma to create fibrous interstitial hepatitis, visible as
"milk spot" lesions®%. Larvae then migrate to pulmonary capillaries, break into alveolar
spaces—triggering verminous pneumonia and coughing—and are carried up the
bronchial mucociliary escalator to be swallowed, completing maturation to 30 cm adult
worms in the jejunum?.

e Metastrongylus apri, M. pudendotectus, and M. salmi (Lungworms): These parasites
depend on common earthworms (such as Lumbricus terrestris and Eisenia fetida) as
obligatory intermediate hosts?'. Swine ingest infected earthworms while rooting through

topsoil**. Third-stage (L3 ) larvae penetrate the host's intestinal wall, migrate through
mesenteric lymph nodes, pass through the right cardiac chambers, and settle in the
bronchioles?'. Clinical manifestations include chronic verminous bronchitis, dyspnea, and
paroxysmal coughing fits termed "thumping," which predispose growing pigs to
secondary bacterial infections from agents like Pasteurella multocida and Mycoplasma
hyopneumoniae®'.

e Trichuris suis (Whipworm): Larvae burrow into cecal and colonic mucosae, inducing
chronic catarrhal, mucohemorrhagic typhlocolitis that mimics or exacerbates swine
dysentery (Brachyspira hyodysenteriae)".

Parasite control in pasture operations requires combining herd-level chemical anthelmintic



therapy with environmental pasture breaks?°. Broad-spectrum anthelmintics—primarily
benzimidazoles (fenbendazole, flubendazole) or macrocyclic lactones (ivermectin,
doramectin)—should be administered sequentially during movements to fresh ground to limit
paddock egg shedding™.

Agro-Industrial Byproduct Valorization and Food
Waste Upcycling

Feed comprises between 60% and 70% of variable operating costs in domestic swine
enterprises®. Incorporating agricultural processing residues, distilling byproducts, and
municipal food waste offers an avenue to lower feed expenses and divert organic materials
from landfills, reducing greenhouse gas emissions®. However, formulating these
non-traditional resources requires accounting for high moisture variability, fiber composition,
and dietary fatty acid profiles®.

Distillers Dried Grains with Solubles (DDGS), an abundant coproduct of the dry-grind ethanol
industry, contains 26% to 30% crude protein, high digestible phosphorus, and concentrated
residual corn oil*°. The lipid fraction of DDGS is high in polyunsaturated fatty acids,

predominantly linoleic acid (Crl&2 n-6 132 Because monogastric animals lack the ruminal

biohydrogenation mechanisms of cattle and sheep, ingested dietary fatty acids are deposited
directly into porcine adipocytes with minimal structural alteration®.

Diets containing high levels of DDGS—or other polyunsaturated lipid sources—can compromise
adipose tissue quality®. Elevating dietary linoleic acid intake above 1.6% to 1.8% of dry matter
causes soft, oily belly fat that reduces commercial bacon slicing yields and accelerates
oxidative rancidity®’. Packers quantify this carcass quality metric using the lodine Value (IV),
which measures the degree of fatty acid unsaturation:

Todine Value of the Lipid Fi
100

Dietary IVP = Dietary Fat (%) x (

Carcass Adipose IV ~ 52.4 + (0.31 x Daily Linoleic Acid Intake

Commercial abattoirs typically require carcass fat IV levels below 70 to 74 g/100 g*. To prevent
excessive unsaturation, nutritionists restrict dietary DDGS inclusion to 15% to 20% during
early-grower periods and often remove it entirely 30 to 45 days prior to slaughter, switching
finishers to saturated lipid sources such as beef tallow®.

Other agricultural processing streams present distinct physiological opportunities and



nutritional constraints:

e Liquid Whey: A dairy processing byproduct that supplies high-biological-value whey
proteins (lactalbumin and lactoglobulin) alongside digestible lactose®. However, its
mineral ash content—particularly sodium and potassium—is elevated, requiring
unrestricted freshwater access to avoid hyperosmotic salt toxicity™>.

e Brewery Spent Grains (BSG): High in neutral detergent fiber ( > 45% NDF) and low in
net energy, BSG is ill-suited for young pigs with limited gut volume®. Conversely, it serves
as an effective bulk-filling ingredient for gestating sows, promoting satiety and reducing
stereotypic hunger behaviors during feed restriction®.

e Bakery Meal and Confectionery Residuals: Consisting of discarded bread, doughs,
cookies, and potato chips, this stream provides easily digestible, heat-gelatinized
starches, free simple sugars, and supplemental fats that yield high net energy (

> 2.7 Mcal/kg NE 2

corn, provided sodium levels are monitored to avoid electrolyte imbalances™'.
High-moisture agricultural discards spoil rapidly via wild yeasts and enteropathogenic bacteria,
requiring stabilization before feeding®*. Solid-state ensiling utilizes homofermentative lactic
acid bacteria (such as Lactobacillus plantarum) to convert water-soluble carbohydrates into
lactic acid under anaerobic conditions®. This reduces substrate pH below 4.2, suppressing the
growth of pathogens like Salmonella, Listeria monocytogenes, and Clostridium species®*.
In Japan and South Korea, food waste utilization has been formalized through centralized
"Eco-Feed" systems™°. Japanese processors collect food waste from retailers, hotels, and food
factories, process it using thermal dehydration or automated liquid fermentation, and distribute
it to pig farms™. Liquid Eco-Feed systems mince food wastes, blend them with supplementary
amylase to reduce slurry viscosity, heat-treat the mixture, and inoculate it with characterized
lactic acid cultures to stabilize storage*’. The finished liquid feed is then delivered directly

. These qualities allow it to directly substitute for ground

through computer-controlled piping networks into farm feeding troughs*.

Feeding animal-derived catering and food wastes carries disease transmission risks,
particularly for high-consequence viral pathogens such as African Swine Fever (ASF), Classical
Swine Fever (CSF), Foot-and-Mouth Disease (FMD), and vesicular diseases*. Consequently,
regulatory approaches vary substantially across international jurisdictions:

e United States: Regulated under the federal Swine Health Protection Act (7 U.S.C. 3801 et
seq.) and 9 CFR Part 166*'. The law prohibits feeding garbage—defined as any food waste
containing meat, animal tissues, or refuse that contacted meat—unless processed at a
licensed facility”'. Processing requires heating the garbage throughout to a continuous
rolling boil (100°C / 212°F at sea level) for at least 30 minutes with mechanical agitation®'.
Dry industrial products (like bakery waste, candy waste, and domestic dairy) are exempt
from these boiling rules, provided they have not contacted animal meat tissues”'. Several
individual US states maintain bans that prohibit garbage feeding entirely within their
borders®,

e European Union: Governed by Regulation (EC) No 1069/2009 and Commission



Regulation (EU) No 142/2011“°, Following the 2001 Foot-and-Mouth Disease outbreak in
the United Kingdom—which was traced to illegal feeding of untreated catering
waste—the EU established a total ban under Article 11(1)(b) of Regulation 1069/2009%,
The feeding of catering waste, restaurant plate scrapings, domestic swill, and
intra-species animal proteins to farm animals is prohibited, irrespective of thermal
processing“”. Animal-derived byproducts may only be processed into feed ingredients

via Category 3 rendering facilities with verified pathogen inactivation®.

e Japan: Governed by the Food Recycling Law and the Feed Safety Law®. The regulatory

framework permits and subsidizes the processing of food wastes into Eco-Feed™®. To
address ASF and CSF risks, raw materials containing meat must undergo certified
thermal processing—at a minimum of 70°C for 30 minutes, or 80°C for 3 minutes—prior
to drying or liquid fermentation, with the finished feed subject to biosecurity tracing®.
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Epidemiology, Clinical Pathology, and Biosecurity
Eradication of Trichinosis

Trichinosis (trichinellosis) is a parasitic zoonosis caused by nematodes of the genus
Trichinella®. Within domestic and wild swine populations, the primary etiologic agents are
Trichinella spiralis—an encapsulated species well adapted to domestic pigs—and sylvatic
species, including Trichinella britovi, Trichinella pseudospiralis (non-encapsulated), and
Trichinella nativa (freeze-tolerant)®.

The life cycle is auto-heteroxenous, requiring a single individual host to act sequentially as both
the definitive and intermediate host®. Swine become infected by consuming muscle tissue

containing viable encysted first-stage (L1 ) larvae®. Following ingestion, gastric hydrochloric
acid and pepsins dissolve the collagen capsule, releasing free larvae into the lumen®’.

Larvae penetrate the columnar epithelial lining of the small intestine (jejunum and upper ileum)
and undergo four molts over 30 to 48 hours to reach sexual maturity® . Following copulation,
adult females release newborn larvae (approximately 100 um in length) into the intestinal
lymphatic and venous systems between days 5 and 7 post-infection®’. Migrating larvae
disseminate systemically through the portal veins, cardiac chambers, and peripheral arterial
vasculature to invade striated muscle fibers®.

Once inside a skeletal muscle fiber, the larva alters host cell gene expression, inducing the loss
of myofibrillar architecture, stimulating local angiogenesis, and triggering collagen
production®. This modified host cell is termed a nurse cell”’. The nurse cell-larva complex can
remain viable within the host for years, completing transmission only when muscle tissue is
consumed by another carnivorous or omnivorous host®.

Porcine infections are typically subclinical, with clinical disease (pyrexia, periorbital edema, and
stiff gait) occurring primarily during experimental challenges with high larval doses. Human
consumption of undercooked, larva-bearing pork, however, can result in severe gastrointestinal
illness followed by intense myalgia, myocarditis, facial edema, and life-threatening
neurotrichinosis.

Swine infection on farms involves three primary transmission routes:

e Ingestion of Raw or Inadequately Cooked Waste: The historical and predominant
domestic infection pathway, caused by feeding swill, abattoir scraps, or hunting offal
containing viable larvae®’.

e Peridomestic Rodent Consumption: Rats (Rattus norvegicus and Rattus rattus) serve as
natural bridge hosts®. Pigs readily capture and consume rats within feed passages;
conversely, rats acquire infection by feeding on deceased swine or practicing
cannibalism, maintaining a self-sustaining cycle within infested housing™.

e Tail-Biting and Herd Cannibalism: Severe behavioral vices with tissue necrosis can
transmit larvae between herd mates if infectious muscle tissue or microfilarial blood is
ingested.

e Pasture and Sylvatic Exposure: Outdoor access exposes swine to infected native



wildlife—including red foxes (Vulpes vulpes), wild boars (Sus scrofa), and raccoons
(Procyon lotor)—either through carcass scavenging or foraging on soils containing
infected tissues?'.
Preventing Trichinella transmission requires verifying on-farm operational controls®. Under
international frameworks (including EU Regulation 2015/1375 and USDA FSIS guidance),
production facilities can achieve official recognition as Controlled Housing Conditions by
maintaining strict biosecurity standards®®:

o Perimeter Enclosures and Physical Construction: All barns must be fully enclosed with
intact siding, sealed entryways, concrete aprons, and mesh over ventilation louvers to
prevent the entry of rodents, stray domestic pets, and wildlife*’.

e Targeted Rodent Abatement Plans: Holdings must implement an active pest
management program featuring mapped, tamper-proof exterior bait stations containing
anticoagulant rodenticides or mechanical kill-traps, inspected and replenished on a
regular schedule®.

e Strict Feed Controls: Herds must be maintained on grain- or certified
concentrate-based rations, with an absolute prohibition on feeding swill, scrap meat, or
unprocessed kitchen waste®®.

e Carcass Handling: Pig mortalities must be removed from pens immediately to prevent
cannibalism, stored in sealed refrigerated storage areas, and disposed of via licensed
rendering, on-site incineration, or deep-burial methods®’.

Under European Union controls, herds reared within officially verified Controlled Housing
Conditions are subject to risk-based surveillance, requiring the post-mortem digestion testing
of all breeding sows and boars, alongside at least 10% of market finishers®°. Carcasses
originating from facilities without certified controlled housing must undergo 100% individual
testing at slaughter®®.

The post-mortem surveillance standard is the Magnetic Stirrer Method (MSM) for Pooled
Sample Digestion, codified under ISO 18743:2015 and Commission Implementing Regulation
(EU) 2015/1375°". Compressive trichinoscopy (flattening tissue between glass plates) has been

> 3-5 Ipg )

discontinued as a routine diagnostic standard because its detection threshold (
fails to reliably identify low-level infestations capable of causing human disease®'.
The magnetic stirrer protocol is structured around defined sequential stages:

e Tissue Collection: Muscle samples are excised from primary anatomical predilection
sites. The preferred site in domestic swine is the muscular crus of the diaphragm at the
transition to the central tendon; secondary sites include the tongue and masseter
muscles®. Samples must be carefully trimmed of superficial fat, tendons, and fascia®.

e Enzymatic Digestion Preparation: In a 3-liter glass beaker, 2.0 liters of tap water is

heated to 46°C to 48°C and supplemented with 16 £ 0.5 mL of 25% hydrochloric

~ 1% HCl )62

acid (or equivalent volume adjusted for 37% stock to achieve . Next,

10+02g of certified high-activity pepsin powder (1:10,000 NF activity) is stirred into



the warm acidic solution®’.

Sample Digestion: A pool of up to 100 individual tissue samples (typically 1 g per animal,
or 3 to 5 g for breeding animals) is homogenized in a laboratory blender®. The blended
tissue is introduced into the acidic digestion fluid®’. The beaker is covered with aluminum
foil, set atop a heated magnetic stirrer calibrated to maintain fluid temperature between
44°C and 46°C, and agitated vigorously to generate a deep central vortex without
splashing®. Stirring continues for approximately 30 minutes until visible myofibers
dissolve®. Digestion is considered complete if less than 5% of the initial sample mass
remains undigested®’.

Filtration and Initial Sedimentation: The digest is poured through a 180 um stainless
steel wire mesh sieve into a glass separatory funnel to capture residual connective
tissue®. The fluid is allowed to settle undisturbed for 30 minutes, allowing free larvae to
descend by gravity to the stopcock®’.

Secondary Clarification: The technician opens the stopcock to draw off a 40 mL aliquot
into a graduated cylinder, which is held undisturbed for 10 minutes®. The upper 30 mL of
clear supernatant is carefully aspirated, leaving 10 mL of sediment®.

Microscopic Examination: The 10 mL sediment is transferred to a gridded larval
counting dish, rinsed with tap water, and examined under a stereomicroscope or
trichinoscope at 15x to 20x magnification®’. Any suspicious nematode structures are
verified at 60x to 100x magnification to evaluate characteristic morphologic features,
such as larval coiling, esophageal stichosome structure, and a rounded caudal terminus®.

Untested pork carcasses or product lines derived from non-controlled production facilities
must undergo post-harvest physical treatments to ensure the complete inactivation of
Trichinella larvae prior to commercial release®:

Thermal Inactivation (Cooking): Pork products must reach an internal core temperature
of at least 62.2°C (144°F) instantaneously, 60.0°C (140°F) for 1 minute, or 55.0°C (131°F) for
6 minutes, which denatures essential parasitic structural proteins®.

lonizing Irradiation: Controlled industrial exposure to gamma radiation (via Cobalt-60 or
Cesium-137) or electron beam accelerators with an absorbed dose of 0.3 to 0.75 kGy
renders encysted larvae sexually sterile and non-infective®®,

Commercial Freezing: Enforcing continuous sub-zero holding regimes based on cut

thickness, categorized into Group 1 (meat pieces < 15cem

15 to 50 cm thick or packed in large bulk containers)®®:

thick) and Group 2 (pieces

Freezer Temperature (°C/ Group 1: Product Group 2: Product

OF)

Thickness <15 cm (Days Thickness 15-50 cm (Days
Required) Required)



—~15.0°C; +5.0°F 20% 30%
—23.3°C; —10.0°F 10% 20%

—28.9°C; —20.0°F 6% 12%

Commercial freezing parameters apply exclusively to pork derived from domestic swine
infected with Trichinella spiralis®®. Freezing does not reliably inactivate cold-tolerant sylvatic
genotypes, particularly Trichinella nativa and Trichinella genotype T-6, which are adapted to
arctic and sub-arctic carnivores®. These freeze-resistant larvae can survive extended
commercial freezing schedules, meaning pork or wild game exposed to sylvatic cycles must be
cooked thoroughly or verified by digestive testing prior to human consumption®®.

Synthesis and Strategic Industry Trajectory

Balancing domestic swine production requires reconciling animal welfare expectations,
precision feed formulation, and biosecurity protocols. Modern facility design increasingly shifts
toward loose group housing to satisfy behavioral welfare standards, such as California
Proposition 12°. However, group pens require precise space allocations and controlled
environmental ventilation to limit competitive aggression and respiratory pathogen
accumulation’.

Extending rearing into pastoral systems satisfies natural rooting and foraging behaviors, yet it
creates distinct soil conservation challenges and re-establishes parasite cycles—including
Ascaris suum and Metastrongylus apri—that require rotational pasture strategies and strategic
deworming programs'®.

In nutrition, formulating to Net Energy and Standardized lleal Digestible amino acid patterns
permits the inclusion of alternative agro-industrial byproducts, such as corn DDGS, bakery
discards, and processed food wastes'". Nonetheless, incorporating high-fat coproducts
requires continuous monitoring of polyunsaturated fatty acid intakes and carcass lodine Values
to avoid uncohesive fat defects in market bellies®.

The utilization of food wastes remains governed by biosecurity trade-offs. While regions like
Japan have established safe circular processing through thermal Eco-Feed systems, risks
associated with African Swine Fever, Classical Swine Fever, and Foot-and-Mouth Disease justify
total swill bans within the European Union and licensed cooking requirements in the United
States®.

Finally, controlling zoonotic pathogens like Trichinella spiralis relies on multiple verification
points. The foundation rests on pre-harvest biosecurity: rodent exclusion, deadstock removal,
and preventing access to unboiled food wastes®. At processing, risk-based surveillance using
the reference Magnetic Stirrer Method for pooled sample digestion ensures individual and herd
safety®. Integrating housing design, digestive biochemistry, behavioral management, and
diagnostic monitoring forms an interconnected system that supports sustainable production



while protecting animal health and the human food chain’.
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