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e The removal of antibiotic growth promoters (AGPs) from poultry

production has intensified the need for nutritional strategies that
sustain performance, immunity, and gut integrity. Nutrition is a
controllable variable that can mitigate the impact of pathogen
pressure and dysbiosis in ABF systems.

2. The Microbiota-Nutrition-Immune AXxis

Antibiotics historically modulated intestinal microbiota, reduced
subclinical infections, and improved nutrient absorption. In ABF
systems, nutritional interventions aim to achieve similar outcomes
by targeting:

e Microbial equilibrium (beneficial vs pathogenic flora)

e Mucosal immunity and gut-associated lymphoid tissue
(GALT)

o Epithelial barrier function

e Nutrient competition between host and pathogens

Recent metagenomic studies show that microbial diversity and
stability correlate with growth performance in ABF birds. This
highlights the role of diet in microbiota engineering.

3. Advanced Nutritional Strategies
3.1. Precision Formulation and Nutrient Optimization
Amino Acids and Nitrogen Management

e Optimize ideal protein ratios to minimize excess
undigested protein, reducing Clostridium perfringens
proliferation.

o Strategic use of functional amino acids like arginine
(immune modulation), threonine (mucin synthesis), and
glutamine (enterocyte fuel).
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Energy and Fat Sources

o High-energy diets using digestible lipid
sources (e.g., medium-chain fatty acids,
coconut oil) reduce gut transit time and
pathogen adherence.

e Inclusion of structured lipids and
emulsifiers improves nutrient absorption
and gut health.

Mineral Nutrition

e Chelated trace minerals (e.g., Zn, Cu,
Mn) improve bioavailability and reduce
gut inflammation.

e Zinc oxide at pharmacological levels
replaced AGPs in some regions, but
environmental concerns push for chelated
alternatives.

3.2. Functional Feed Additives
Probiotics

o Multi-strain Bacillus spp., Lactobacillus
plantarum, and Enterococcus faecium are
common.

e Must be strain-specific, spore-forming
(for heat resistance), and capable of
modulating immunity (cytokine balance,
IgA production).

Prebiotics and Synbiotics

» Fructooligosaccharides (FOS),
galactooligosaccharides ~ (GOS),  B-
glucans.

e Synbiotics (probiotics + prebiotics)
enhance  colonization and SCFA
production (e.g., butyrate for colonocyte
health).

Organic Acids and Acidifiers

e Synergistic blends of formic, propionic,
and lactic acids used to:
o Lower pH
o Control Salmonella and E. coli
Improve nutrient digestibility
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e Microencapsulated acids enable slow
release throughout the intestine.

Phytogenics

o Essential oils (EOs) with antimicrobial,
antioxidant, and  anti-inflammatory
effects.

e Mode of action includes quorum sensing
inhibition, enzyme stimulation, and
immune modulation.

o Challenges: Volatility and palatability.
Encapsulation and emulsification
enhance efficacy.

Enzymes

o Xjylanases, p-glucanases, phytases, and
proteases break down anti-nutritional
factors and improve gut viscosity and
nutrient digestibility.

e Degradation of non-starch
polysaccharides (NSPs) reduces wet
litter and pathogen proliferation.

4. Gut Integrity and Immune Modulation
Mucosal Barrier Function

e Use of butyrate, nucleotides, and
polyunsaturated fatty acids (PUFAS) to
support tight junctions and mucosal
regeneration.

e Threonine is vital for mucin synthesis;
under-supplementation leads to leaky gut.

Immune-Stimulating Nutrients
e Vitamin E, selenium, and p-glucans act
as immunomodulators.
o Omega-3 fatty acids downregulate pro-
inflammatory cytokines (IL-6, TNF-a).

5. Early Nutrition and Microbiome

Programming

In-Ovo and Post-Hatch Strategies
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e In-ovo injection of prebiotics, probiotics,
or vitamins  enhances  microbial
colonization.

o Immediate access to feed and water post-
hatch crucial for early villus development
and gut barrier function.

Starter Diet Design

e High digestibility, low-NSP diets with
low pathogen-supporting substrates.

o Early use of feed matrix conditioning
agents, such as surfactants or emulsifiers,
aids nutrient absorption.

6. Water Quality and Delivery Systems

o Pathogens like E. coli and Salmonella
thrive in poor-quality water.

o Acidification of water with citric/formic
acid blends maintains pH <4.0,
inhibiting microbial load.

e Water-soluble probiotics and electrolytes
support gut flora and hydration during
stress periods.

7. Nutritional Interventions During Stress or
Disease Challenges

Coccidiosis

o Eimeria infection reduces feed efficiency
and increases gut permeability.

e Use of antioxidants, zinc, saponins, and
coccidial vaccines supported by anti-
inflammatory nutrients (e.g., omega-3s).

Necrotic Enteritis

e High-protein diets and wheat/barley-
based feed increase risk.

e Control strategies: Enzymes, probiotics,
essential oils, organic acids, and
functional fiber sources (e.g., oat hulls,
rice bran).

8. Practical Applications and Performance
Optimization

Feed Processing
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e Pelleting, extrusion, and crumbling
influence nutrient  availability and
microbial load.

e Avoid high pelleting temperatures that
degrade thermolabile feed additives.

Monitoring and Evaluation

e Use of zootechnical performance data,
gut health scoring, and microbiome
analysis to evaluate nutritional programs.

e Precision feeding via NIR spectroscopy
and Al-integrated feeding systems
allows adaptive formulations.

9. Emerging Technologies and Research
Trends

e Microbiota profiling and
metagenomics for tailored
probiotic/prebiotic strategies.

e Postbiotics (inactivated microbes and
metabolites) show promise as stable, non-
viable alternatives to live probiotics.

e« Fermented feed ingredients enhance
nutrient  utilization and introduce
beneficial metabolites (e.g., SCFAs,
bacteriocins).

10. Conclusion

Transitioning to ABF poultry production without
compromising health or productivity demands
multifactorial, science-driven nutritional
strategies. These must be:

o Targeted to life stage and environmental

conditions.
e Responsive to gut health diagnostics.
e Integrated with management,

vaccination, and biosecurity protocols.
Nutrition in ABF systems is no longer just about

growth — it's about engineering resilience in the
poultry gut ecosystem.
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