Advanced Paradigms in Sustainable
Poultry Husbandry: Dual-Purpose
Genetics, Environmental Housing
Management, and Phytogenic Disease

Control
Introduction to Sustainable Avian Husbandry

The contemporary agricultural landscape is witnessing a necessary and profound paradigm
shift away from highly specialized, hyper-productive poultry hybrids toward more sustainable,
resilient, and ethically managed flock systems. For decades, the commercial poultry industry
has relied on extreme genetic bifurcation: broilers engineered for rapid, physiologically
demanding skeletal muscle accretion, and layers bred exclusively for prolific oviposition. This
dichotomy has resulted in significant ethical and logistical dilemmas, most notably the routine
culling of male chicks in specialized layer lines, alongside increasing incidences of metabolic
disorders and immunological fragility within commercial flocks. In response, a transition toward
the utilization of dual-purpose chicken breeds is gaining considerable momentum across
sustainable agriculture and homesteading sectors. Dual-purpose gallinaceous birds are
genetically conserved to provide both a reliable supply of table eggs and a substantial, viable
carcass yield for meat production.

However, realizing the full genetic potential of dual-purpose flocks necessitates a highly
integrated and holistic management matrix. The successful rearing of these birds cannot rely
on the prophylactic antibiotic administration or intensive confinement models characteristic of
industrial agriculture. Instead, this matrix must seamlessly integrate optimized coop
architecture for predator exclusion, biologically active waste management systems that
harness microbial ecology, stringent biosecurity protocols, and non-allopathic, phytogenic
disease control mechanisms. The ensuing analysis provides an exhaustive evaluation of
sustainable poultry management, dissecting the phenotypic traits and nutritional requirements
of dual-purpose breeds, the thermodynamics of the deep litter waste management system,
and the regulatory frameworks governing flock health. Furthermore, it deeply explores the
pathophysiology of primary avian enteric diseases—specifically Eimeria-induced coccidiosis
and Clostridium perfringens-mediated necrotic enteritis—and details the molecular
mechanisms by which natural phytobiotics can safely substitute synthetic pharmaceuticals.

Genetic Selection, Phenotypic Traits, and Nutritional
Demands of Dual-Purpose Breeds

Dual-purpose chickens represent a careful genetic equilibrium between oviposition efficiency
and skeletal muscle accretion. Unlike specialized commercial broilers (e.g., the Cornish Cross),



which exhibit rapid and often metabolically unsustainable growth rates, or specialized layers
(e.g., White Leghorns), which allocate minimal metabolic energy to somatic growth,
dual-purpose heritage breeds develop at a moderate physiological pace'. This moderate
growth trajectory results in a robust skeletal structure, enhanced foraging capability, and
superior immunological resilience, rendering them highly adaptable to varied climatic
conditions and pasture-based environments®.

Prominent Dual-Purpose Breeds and Hybrids

The selection of a specific breed dictates the baseline feed conversion ratio (FCR), terminal
carcass yield, and seasonal egg production. The most prominent dual-purpose breeds exhibit
slight phenotypic variations, leaning marginally either toward egg production or meat yield.
The Plymouth Rock, particularly the Barred Rock variety, is widely considered the foundational
dual-purpose breed of American agriculture’. Developed in the 19th century, females are highly
productive, laying between 200 and 280 large brown eggs annually, with a pronounced
physiological ability to maintain oviposition during colder months®. Males mature to a
substantial table weight of 8 to 9.5 pounds by 16 to 20 weeks of age®. The breed is
characterized by a docile temperament, excellent foraging capabilities, and a single comb,
though the latter presents a moderate risk for frostbite in extreme sub-zero climates®.
Leaning slightly toward egg production, heritage strains of the Rhode Island Red are
exceptional layers, producing 250 to 300 brown eggs per year®. Cockerels reach a mature
weight of approximately 8.5 pounds, yielding a leaner but highly viable table carcass®. The
breed is noted for extreme hardiness and disease resistance, tolerating both heat and cold
effectively, though roosters can exhibit assertive or aggressive territorial behaviors?.
Conversely, the Orpington (most commonly the Buff variety) represents a meat-leaning
dual-purpose bird. Characterized by dense, loose feathering and a massive physical frame,
roosters frequently reach 10 pounds, providing a generous and well-fleshed table bird'. Hens
produce a moderate 180 to 200 light brown eggs annually'. A defining behavioral trait of the
Orpington is its high propensity for broodiness; hens will reliably incubate and raise chicks,
facilitating natural flock renewal without artificial incubation?.

For extreme cold climates, the Wyandotte is highly specialized. Its heavy build, dense plumage,
and tight rose comb practically eliminate the risk of frostbite®. Hens maintain steady winter
production, yielding 180 to 240 brown eggs annually, while roosters dress out at a blocky 8.5 to
9 pounds®. The Sussex, an old English breed, provides a nearly perfect equilibrium between
meat and egg utility. Hens lay 240 to 260 eggs annually, and males reach approximately 9
pounds®. The Sussex is renowned for its exceptional foraging drive, which significantly offsets
commercial feed consumption when reared on pasture®. The Australorp, derived from
Orpington genetics, is another prolific layer, yielding 200 to 260 eggs per year while
maintaining a solid frame for meat production’.

Several other heritage breeds offer distinct advantages for sustainable homesteads. The
Bielefelder, engineered in Germany, is an increasingly popular auto-sexing breed, allowing
keepers to differentiate male and female chicks immediately upon hatching based on down
coloration’. They produce 200 to 230 eggs annually and mature into massive birds, with finish



weights ranging from 9 to 12 pounds'. The American Bresse, imported from France, is touted as
a triple-purpose bird due to its prolific egg-laying (250 eggs annually), rapid growth, and highly
marbled, flavorful meat'. The Jersey Giant, originally bred to rival the turkey in size, offers
massive meat yields but requires significantly longer grow-out periods, making feed efficiency
a primary consideration’. The Buckeye and Dominique both sport frostbite-resistant combs
(pea and rose, respectively) and offer excellent foraging and moderate meat-and-egg yields
ideal for northern climates”.
To optimize these traits for modern small-scale farming, hatcheries have developed specific
commercial dual-purpose hybrids. The Sagitta, a deliberate cross of Rhode Island Red, New
Hampshire, and Cornish genetics, produces 170 to 190 eggs annually while allowing cockerels
to reach 5 pounds by 12 to 13 weeks’. The Aquila leans toward egg production (250 to 280 per
year) but still produces a 5-pound rooster by 12 weeks, offering a faster maturation timeline

than standard heritage breeds’.

Table 1: Performance Metrics and Phenotypic Traits of Select
Dual-Purpose Breeds

Breed

Plymouth
Rock

Rhode

Island Red

Orpington

Wyandotte

Sussex

Annual Egg

Yield

200-280

250-300

180-200

180-240

240-260

Avg. Male
Weight
(lbs)

8.0-9.5

10.0

8.5-9.0

9.0

Comb Type
(Frostbite
Risk)

Single
(Moderate)

Single
(Moderate)

Single
(Moderate)

Rose (Low)

Single
(Moderate)

Temperam
ent &
Broodiness

Calm;
Occasional
broodiness

Active/Asse
rtive; Rarely
broody

Docile;
Highly
broody

Calm;
Occasional
broodiness

Active
forager;
Occasional
broody

Primary
Utility Bias

Balanced

Egg-leaning

Meat-leanin
g

Balanced/C
old-hardy

Balanced



Bielefelder 200-230 9.0-12.0 Single Docile; Meat-leanin
(Moderate) Auto-sexing g
trait
Australorp 200-260 8.5-10.0 Single Calm; Egg-leaning
(Moderate) Winter
hardy
Dominique @ 150-230 5.0-7.0 Rose (Low) Active; Balanced/H
Frequently eritage
broody
Buckeye 150-200 6.0-8.0 Pea (Very Calm; Meat-leanin
Low) Moderate g/Cold
broodiness

Data synthesized from multiple poultry breeding and agricultural extension sources’.

Nutritional Constraints and Feed Efficiency

To support both the continuous somatic growth required for meat production and the intense
metabolic demands of oviposition, dual-purpose chickens require precise nutritional matrices.
The two most critical formulation vectors are Crude Protein (CP) and Apparent Metabolizable
Energy (AME).

Research analyzing dual-purpose growth parameters indicates that dietary crude protein levels
between 18% and 21.4%, paired with metabolizable energy levels of approximately 2770 to
2880 kcal/kg, yield optimal physiological results during the starter and grower phases'®.
Maintaining this careful stoichiometric balance ensures an optimal Protein Efficiency Ratio
(PER)—the calculation of total weight gain divided by total protein intake'. If dietary energy
density is excessively high without concurrent protein availability, the bird will deposit excess
abdominal fat, negatively impacting the terminal carcass yield and depressing the overall feed
conversion ratio (FCR)'®. Conversely, precision formulation utilizing these macronutrient ratios
ensures that the amino acid profiles (Essential Amino Acid to Total Amino Acid ratios) of the
resulting meat are maximized without compromising the bird's physiological stability'°.

Coop Architecture, Environmental Controls, and the
Deep Litter Method

Optimal housing for dual-purpose flocks must address three primary biological necessities:
absolute protection from predatory incursion, the management of respiratory-damaging

ammonia ( Hy ), and thermal regulation.



Predator Exclusion and Structural Biosecurity

Avian housing must be fortified against a broad spectrum of predators, ranging from digging
mammals (foxes, badgers, raccoons) to aerial threats (hawks, owls) and climbing mustelids
(weasels, martens). Standard poultry netting (commonly referred to as chicken wire) is
structurally insufficient; its thin gauge serves only to confine chickens, not to exclude
determined predators'’. Appropriate coop architecture mandates the use of heavy-gauge,
galvanized hardware cloth (welded wire mesh with apertures no larger than 0.5 inches)
secured firmly over all windows, ventilation gaps, and run enclosures. To thwart digging
predators, this hardware cloth should be buried as a sub-surface perimeter skirt extending
outward at least 18 to 24 inches from the coop's foundation, creating an impenetrable
underground barrier.

Ventilation is equally critical to the structural integrity of the flock's health. The avian respiratory
system is highly susceptible to atmospheric moisture and ammonia buildup. Proper
architectural design must include high-wall ventilation vents located well above the roosting
bars'®. This placement ensures that the passive exhaustion of humid, ammonia-laden air occurs
via thermal buoyancy without creating direct, chilling drafts over the roosting birds. Experts
recommend a minimum of 1 square foot of high-wall ventilation space per bird in temperate
climates'™.

The Deep Litter Method: Microbial Ecology and Nitrogen Conservation
Waste management inside the coop is most effectively and sustainably handled via the "Deep
Litter Method," an in situ aerobic composting system occurring directly on the coop floor. When
executed correctly, this method utilizes the nitrogen-dense excretions of the flock to drive the
microbial decomposition of carbon-dense bedding materials, transforming raw pathogenic
waste into stable, nutrient-rich humus'™.

The biochemical foundation of deep litter rests on establishing and maintaining a highly specific
Carbon-to-Nitrogen (C:N) ratio. Fresh poultry manure is exceptionally rich in nitrogen, primarily
excreted as uric acid, exhibiting a natural C:N ratio of approximately 9:1 to 12:1'®. To achieve
rapid, aerobic, and odorless composting, the aggregate litter matrix must be balanced to a C:N
ratio between 25:1 and 30:1'.

The physical process begins with a clean, dry floor (preferably dirt or concrete, as unsealed
plywood is susceptible to rot) upon which an initial 4 to 6 inches of coarse, kiln-dried pine
shavings are laid". Cedar shavings must be strictly avoided; their aromatic volatile oils
(phenols) are highly toxic to the avian respiratory tract and will cause chronic distress'™.
Alternatively, dry oak leaves or chopped straw can be utilized, though straw over damp earth
floors carries a risk of supporting Aspergillus mold proliferation.

The microbial decomposers (both mesophilic and thermophilic bacteria and fungi) require
moisture to function, with an optimal range of 40% to 65%'¢. However, moisture management
is a delicate balance. If the litter becomes overly saturated, anaerobic bacteria will rapidly
outcompete aerobic microbes, leading to the immediate volatilization of ammonia gas and foul
odors'>. Ammonia generation is a direct indicator of systemic failure, causing severe respiratory
irritation, suppressed immune function, and reduced egg production'. To mitigate this,



waterers should be placed outside the coop or on raised platforms to prevent accidental
saturation of the bedding'®. The flock assists the composting process through natural

scratching behaviors, turning the litter and introducing vital oxygen, which prevents the matrix
from becoming anaerobic'. To stimulate this scratching, keepers frequently scatter scratch
grains directly onto the litter surface®.
As mesophilic bacteria give way to thermophilic bacteria in the maturing composting matrix,
the biological activity generates significant exothermic heat. A properly functioning deep litter
bed can raise the ambient floor temperature of the coop by up to 10°F, providing a crucial,
natural thermal buffer during harsh winter months'®. The litter is typically allowed to accumulate
to a depth of 10 to 12 inches over 6 to 12 months. During the biannual cleanout, a 2-inch base
layer of the active compost is intentionally left on the floor to inoculate the fresh pine shavings
with the established, beneficial microbiome.

Table 2: Biochemical and Physical Parameters of the Deep Litter

Method

Parameter

Carbon:Nitrogen (C:N)

Ratio

Moisture Content

Base Material

Litter Depth

Aeration Frequency

Optimal Range

25:1to 30:1

40% to 65%

Pine Shavings, Oak Leaves

4" (initial) to 12" (peak)

Daily (by birds)

Biological Consequence
of Imbalance

<20:1 leads to rapid
ammonia volatilization;
>40:1 halts microbial
decomposition.

<40% halts decomposition;
>65% shifts matrix to
anaerobic fermentation,
causing odor and disease.

Cedar causes respiratory
toxicity; damp straw
promotes Aspergillus mold
spores.

Insufficient depth prevents
thermophilic heat
generation and microbial
insulation.

Lack of oxygen causes
anaerobic shifting, caking,



and elevated ammonia
levels.

Data compiled from avian environmental management and composting literature®.

Biochar Integration for Ammonia Abatement

An advanced refinement to the deep litter method involves the integration of biochar—a highly
porous, carbon-rich product of biomass pyrolysis. The addition of biochar fundamentally alters
the chemical dynamics of the poultry waste?'.

Biochar functions as a molecular sponge. Its massive surface area and high cation exchange
capacity enable it to physically and chemically adsorb organic molecules, ammonium ions (

+
NH, ), and toxic ammonia (NH3 ) gases before they can volatilize into the coop
atmosphere?'. Controlled research demonstrates that the application of biochar at a rate of 5%
to 15% (by weight or volume of the litter) reduces cumulative ammonia emissions by 40% to
60%, with some studies reporting reductions as high as 88% depending on the specific biochar
feedstock and activation method?'. Furthermore, biochar highly regulates litter moisture,
significantly decreasing the incidence of footpad dermatitis (pododermatitis) in the flock, while
concurrently preventing the loss of volatile nitrogen, thereby drastically improving the
agronomic fertilizer value of the final composted manure?®.

Regulatory Compliance and Stringent Biosecurity
Frameworks

The operation of a poultry facility, regardless of scale (from a single backyard hen to
commercial flocks), is subject to rigorous epidemiological monitoring and regulatory
compliance to prevent the catastrophic spread of highly contagious zoonotic and avian
diseases, such as Highly Pathogenic Avian Influenza (HPAI) and Newcastle Disease (ND).
Operating under the strict frameworks utilized in European jurisdictions (such as the veterinary
protocols of Berlin and Brandenburg, Germany), keepers must adhere to explicit legal
obligations?’.

Every poultry keeper is legally mandated to register their flock with the competent local
veterinary authority (Veterindr- und Lebensmittelliberwachung) prior to the commencement of
keeping birds®®. This registration encompasses chickens, ducks, geese, quail, and turkeys?.
Upon registration, the operation receives a unique premises number (Betriebsnummer)?.
Simultaneously, the flock must be reported to the Animal Disease Fund (Tierseuchenkasse).
This institution tracks poultry populations and levies nominal per-bird or flat-rate annual fees,
which fund compensation models for farmers in the event of state-mandated culling due to
disease outbreaks?’.

Traceability is the cornerstone of epidemiological containment. Poultry keepers are required by
law to maintain a highly accurate Inventory Register (Bestandsregister)?’. This document must
record every addition (accession) and reduction (departure or death) within the flock.



Specifically, the register must log the date of the transaction, the species of poultry, and the full
name and address of the transport company and the previous or future owner?®. These records
must be preserved for a minimum of three years following the end of the calendar year of the
last entry and must be presented to veterinary inspectors upon demand?.

Due to its devastating economic impact, vaccination of chickens and turkeys against
Newcastle Disease is a strictly enforced legal obligation”’. The regulatory framework dictates
that the vaccination schedule must maintain continuous flock immunity®’. Because the most
common administration route for hobbyist and small-scale flocks is an attenuated live vaccine
administered via drinking water, the resulting mucosal immunity is relatively short-lived.
Consequently, the law explicitly requires that the drinking water vaccination be repeated
exactly every three months®. Keepers must retain official veterinary certificates of these
vaccinations to prove compliance.

Furthermore, to mitigate the transmission of avian influenza viruses, authorities enforce
stringent biosecurity measures (BiosicherheitsmaBnahmen)'“. Central to this is the absolute
prevention of contact between domestic poultry and wild avian species. Keepers must ensure
that outdoor runs are covered or designed so that wild birds cannot access the flock's feed,
drinking water, or bedding'.

Pathophysiology and Natural Modulation of Avian
Coccidiosis

Among the most economically devastating and physiologically debilitating enteric diseases in
poultry is Coccidiosis, an infection caused by host-specific, obligate intracellular protozoan
parasites of the genus Eimeria (Phylum Apicomplexa)®'. The intensive reliance on synthetic
anticoccidial drugs (ionophores and chemicals) over the past several decades has led to
widespread, multi-drug resistance across Eimeria strains, coupled with rising consumer
apprehension regarding pharmaceutical residues in poultry meat and eggs®'. Consequently,
exhaustive research has pivoted toward phytogenic (plant-derived) alternatives.

The Eimeria Lifecycle and Pathological Impact

The biological cycle of Eimeria spans both the external environment and the host'’s internal
gastrointestinal tract. Infection initiates when a chicken ingests sporulated oocysts from
contaminated litter®'. Mechanical grinding in the gizzard and enzymatic action in the duodenum
trigger excystation, releasing motile sporozoites®. These sporozoites aggressively invade the
intestinal epithelial cells (enterocytes)®.

Once intracellular, the parasite undergoes multiple rounds of asexual reproduction
(schizogony), releasing hundreds of merozoites that rupture the host cell and invade adjacent
healthy cells®. This is followed by a sexual reproductive phase (gametogony), culminating in the
formation of unsporulated oocysts that are shed in the feces®. In the presence of oxygen,
warmth, and adequate litter moisture (optimal sporulation occurs around 25% moisture), the
oocysts sporulate within 24 to 48 hours, becoming highly infectious to other birds®.

At least seven distinct Eimeria species affect chickens, each exhibiting strict tropism for
specific segments of the gastrointestinal tract. Crucially, infection by one species confers



absolutely no cross-immunity to the others, meaning a bird can suffer multiple concurrent
infections™.

Table 3: Pathogenic Profiling of Primary Eimeria Species in Poultry

Eimeria Species Primary Gut Clinical Pathology Severity
Tropism
E. acervulina Duodenum & Upper | Severe Moderate to High
Small Intestine malabsorption,
depressed weight
gain.
E. maxima Jejunum (Mid-gut) Extreme mucosal High

damage, highly
immunogenic.

E. necatrix Jejunum (Mid-gut) Hemorrhagic Very High
enteritis, acute
mortality.

E. tenella Ceca Massive cellular Very High
destruction, bloody
diarrhea.

E. brunetti Lower Intestine & Mucosal necrosis, High
Rectum hemorrhagic
enteritis.

Compiled from parasitological data regarding avian coccidiosis®'.

The physical destruction of the intestinal lining radically alters gut morphology. Eimeria infection
causes the protective intestinal villi to atrophy and shorten, while the crypts of Lieberkuhn
abnormally deepen as the body attempts to generate replacement cells. This leads to a
depressed Villus Height to Crypt Depth (VH:CD) ratio, directly translating to a loss of absorptive
surface area, metabolic starvation, and profound immunosuppression®.

Phytobiotic Interventions: Essential Oils and Secondary Metabolites
To combat coccidiosis naturally, sophisticated nutritional interventions using Phytogenic Feed
Additives (PFAs) are deployed. The most scientifically validated of these are essential oils
derived from Origanum vulgare (oregano) and Thymus vulgaris (thyme), alongside extracts
from Allium sativum (garlic).

The principal bioactive monoterpenes in oregano and thyme are carvacrol and thymol. These



phenolic compounds possess potent, broad-spectrum anti-protozoal, antibacterial, and
antioxidant properties®'. Due to their highly hydrophobic nature, carvacrol and thymol can
intercalate directly into the lipid bilayer of the Eimeria sporozoite and the extracellular oocyst.
This interaction disrupts membrane integrity, massively increasing cytoplasmic permeability™’.
This disruption causes a lethal leakage of vital intracellular ions and ATP, leading to rapid cellular

death®. In vitro assays demonstrate that thymol and carvacrol concentrations of = 2%
significantly inhibit oocyst sporulation and induce structural degeneration in up to 96% of
oocysts®'. Furthermore, in vivo oregano essential oil supplementation drastically reduces the
total number of oocysts excreted per gram of feces (OPG), mitigating the environmental
parasite load”.

Crucially, carvacrol and thymol directly counteract the histological damage caused by
coccidiosis. Dietary inclusion of these compounds stimulates enterocyte proliferation, which
effectively elongates the intestinal villi and restores a healthy, elevated VH:CD ratio, rescuing
nutrient absorption capacity®’. Furthermore, these essential oils upregulate the genetic
expression of critical tight junction proteins, specifically Claudin-1, Occludin, and ZO-1, which
re-seals the paracellular spaces between enterocytes, blocking the translocation of pathogens
and toxins into the bloodstream®. Immunologically, carvacrol and thymol down-regulate

pro-inflammatory cytokines (such as IL-1$\beta$, IL-6, and TNF- a) to mitigate runaway
mucosal inflammation, while simultaneously upregulating secretory Immunoglobulin A (sigA)¥’.
The elevation in sIgA is particularly vital as it coats the mucosal surface, neutralizing Eimeria
sporozoites before they can invade the epithelium¥.

The organosulfur compounds in garlic, primarily allicin (diallyl thiosulfinate), exhibit concurrent
anticoccidial activity. Allicin rapidly interacts with sulfhydryl groups in the metabolic enzymes of
Eimeria, inhibiting their function®. Additionally, garlic extracts alter the permeability of the
parasite's cytoplasmic membrane, disrupt the synthesis of ATP, and actively inhibit oocyst
sporulation®. Garlic also acts as a powerful immunomodulator, enhancing macrophage
phagocytosis and gut-associated lymphoid tissue (GALT) T-cell responses against the
protozoa®.

The Synergistic Pathogenesis of Necrotic Enteritis

The tissue damage inflicted by Eimeria serves as the primary predisposing trigger for a
secondary, often fatal condition known as Necrotic Enteritis (NE)*“. NE is caused by the
over-proliferation of Clostridium perfringens Types A and C, which are Gram-positive,
anaerobic, spore-forming bacteria naturally resident in the avian gut*®.

When Eimeria ruptures the intestinal epithelial cells, plasma proteins and collagen leak into the
gut lumen. This protein-rich exudate provides a hyper-nutritious substrate that fuels the
explosive overgrowth of C. perfringens®. Concurrently, specific virulent strains of C.
perfringens synthesize and release extracellular toxins—most notably the pore-forming NetB

. « . . . . .
toxin and the ~ -toxin®’. These toxins actively degrade the extracellular matrix, cleave tight



junction proteins, and cause catastrophic transmural necrosis of the intestinal mucosa®’. This
lethal synergy between the protozoan and the bacterium accounts for billions of dollars in
global agricultural losses annually“.

Recent advancements focus on utilizing host-microbiome derived metabolites to reinforce the
gut barrier against the C. perfringens NetB toxin. Sodium butyrate (NaB), a short-chain fatty
acid, and deoxycholic acid (DCA), a secondary bile acid, have been shown to act synergistically.
When administered together, NaB and DCA profoundly induce the synthesis of endogenous
Host Defense Peptides (HDPs) within avian macrophages and jejunal tissues*®. These HDPs
possess direct antimicrobial lethality against C. perfringens. Furthermore, the combination
hyper-stimulates the expression of Claudin-1, drastically increasing resistance to Necrotic
Enteritis, virtually reversing growth suppression, and vastly improving flock survival rates during
combined Eimeria and C. perfringens challenge models*.

Entomological and Helminthological Parasite
Management

Beyond enteric protozoa and bacteria, sustainable poultry management must address
macro-parasites, specifically hematophagous ectoparasites and gastrointestinal helminths,
utilizing non-synthetic modalities to prevent chemical residue accumulation in dual-purpose
meat and eggs.

Ectoparasite Control: Dermanyssus gallinae (Poultry Red Mite)

The Poultry Red Mite (Dermanyssus gallinae) is an economically devastating ectoparasite. Red
mites are nocturnal temporary parasites; they reside in the microscopic cracks and crevices of
the coop architecture during the day and migrate onto the sleeping birds at night to consume a
blood meal®’. Severe infestations cause acute anemia, immunosuppression, severe agitation,
suppressed egg production, and frequently, mortality®*.

Because chemical acaricides face increasing regulatory restriction and rapid resistance
evolution, physical eradication via silica-based acaricides has become the gold standard.
Food-grade Diatomaceous Earth (DE) is a fine, powdery substance composed of the fossilized
exoskeletons of microscopic aquatic algae (diatoms), consisting primarily of amorphous silicon
dioxide®*. DE acts mechanically rather than chemically. As a mite crawls through the DE
powder, the microscopically sharp, porous silica edges lacerate and absorb the protective,
waxy lipid layer of the mite’s epicuticle®. Stripped of this waterproofing layer, the mite cannot
retain internal hydration and subsequently dies of severe desiccation within 48 hours to 17
days®®. Because the mechanism is entirely physical, it is impossible for the mite to develop
genetic resistance®. Synthetic amorphous silica products have been shown to kill 100% of
adult mites at an accelerated rate (LT50 of ~6 to 11 hours) compared to natural DE (LT50 of ~31
to 34 hours)*.

DE must remain entirely dry to retain its lethal desiccating properties; moisture immediately
renders it inert®. It should be heavily dusted into all coop crevices, roosting bar joints, and
nesting boxes following a complete cleanout®. Additionally, DE should be incorporated into the
flock's dust bath—a critical behavioral mechanism chickens use for self-treatment. A highly



effective dust bath mixture consists of 70% coarse construction sand and 30% dry topsoil,
top-dressed with two cups of food-grade DE and one cup of hardwood ash®. Crucially, DE and
silica dusts do not penetrate the protective casing of mite eggs®*. Therefore, to break the
reproductive lifecycle, the entire coop environment must be aggressively re-treated every 7 to
10 days for at least three consecutive cycles®.

Endoparasite Control: Ascaridia galli (Avian Roundworm)

Ascaridia galli is the most prevalent gastrointestinal nematode in free-range and dual-purpose
flocks. Residing in the small intestine, the adult worms compete for nutrients, causing
malabsorption, reduced growth rates, and lethargy®’.

While synthetic benzimidazoles are highly effective, the push for organic husbandry has
spurred research into botanical anthelmintics. The seeds of the pumpkin and squash families
(Cucurbita pepo) are rich in cucurbitacin, an amino acid derivative that acts as a paralytic agent
on the neuromuscular system of nematodes, preventing them from anchoring to the intestinal
wall and allowing them to be expelled via peristalsis®'. Papaya seeds contain benzyl
isothiocyanate and cysteine proteinases, which degrade the protective cuticle of the
helminth®2., While in vitro studies indicate that the administration of these seeds can exert a mild
to moderate anthelmintic effect, lowering the fecal egg count of Ascaridia galli, they rarely
achieve the 100% clearance rates of pharmaceutical interventions®. Controlled trials utilizing
1% pumpkin seed powder or Artemisia absinthium have sometimes failed to significantly
reduce worm burdens compared to controls, highlighting that phytogenic dewormers are best
categorized as suppressive management tools within a broader integrated parasite
management strategy®’.

Conclusion

The sustainable management of dual-purpose poultry represents a highly complex,
multi-disciplinary agricultural paradigm. It relies fundamentally on the selection of robust,
balanced genetics capable of resilient performance in variable climates, avoiding the extreme
physiological fragility inherent to specialized industrial hybrids. Supporting these genetics
requires sophisticated environmental control, primarily achieved through advanced
architectural biosecurity and the biochemical engineering of the deep litter system—where
critical C:N ratios and biochar integration work synergistically to eliminate toxic ammonia, retain
vital nitrogen, and harness thermophilic microbial energy.

Furthermore, transitioning away from a reliance on prophylactic antibiotics and synthetic
pharmaceuticals necessitates a deep understanding of pathogen life cycles and host
immunology. By leveraging the specific membrane-disrupting and tight-junction-restoring
properties of phytobiotic essential oils—such as carvacrol, thymol, and allicin—flock managers
can effectively suppress the devastating Eimeria-Clostridium necrotic enteritis disease
complex. When combined with mechanical acaricides like amorphous silica to break the
lifecycle of Dermanyssus gallinae and targeted nutritional macro-balancing, this integrated
approach ensures the robust health, high welfare, and sustained productivity of the
dual-purpose flock while strictly adhering to modern regulatory and epidemiological safety



frameworks.
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