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Why Feed Additives Matter

Animal health 
and 

performance 
are nutrition-

driven

Increasing 
pressure to 

reduce 
antimicrobial 

use

Need for 
functional and 

targeted 
feeding 

strategies
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Context

1. The Big Picture: Rethinking Animal Health and 
Welfare

2. The Gut as a Central Hub
(Linking digestion, microbiome, and immunity)

3. Intervention Points: Feed Additives as Tools

4. Future Directions: From Efficiency to 
Resilience
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Optimal nutrition

Is it enough?
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Health, Welfare and Resilience

Health: physiological functionality

Welfare: includes behaviour and 
mental state

Resilience: ability to cope with 
stressors
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Animal Performance & Health Relationship

• Performance (growth, FCR, reproduction) is directly linked to health

- Healthy gut enables efficient digestion, absorption, and barrier function

- Disease or inflammation diverts nutrients → reduced performance

• Key concept: Performance is a consequence of health
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Scientific evaluation

• Biomarkers
Immune 
function

Inflamma-
tory 

indicators

Immuno-
globulins

Lympho-
cytes

Oxidative/

antioxidative 
indicators

Trolox

ROS

GSH, 
GSSG

Stress axis

Cortico-
steroids

DHEA

Haema-
tology

Expression 
studies

Transcript
omes

miRNAs

Holo-
biomes

Systems 
biology

Meta-
omics

Networks

GWAS

I II



9

https://www.pig333.com/tags/diarrhoea/page_2
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Feed intake of piglets after an Escherichia coli challenge
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Mikrobiota bei Durchfall

• Diarrhea = reduction of genes involved in carbohydrate metabolism
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Infection effects on feed intake and performance

• Meta-analysis from challenge trials with broilers

Futteraufnahme Zunahme

Clostridium perfringens -15,8 -40,1

Escherichia coli -7,9 -10,6
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Context

1. The Big Picture: Rethinking Animal Health and 
Welfare

2. The Gut as a Central Hub
(Linking digestion, microbiome, and immunity)

3. Intervention Points: Feed Additives as Tools

4. Future Directions: From Efficiency to 
Resilience
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The Gut as Central Interface

Largest immune organ

Interaction with microbiota, diet, 
environment

Key role in barrier function and 
metabolism
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Immune system

• Gut = biggest immune organ

• Largest surface of the body

- Microbiota

- Feed antigens

- Environment

Ferrara 2012



17

• Gut = same in chicken

- Microbiota

- Feed antigens

- Environment

Röhe et al. 2017

Soybean extraction meal Peas

CD45+ leukocytes of broilers fed the control diet (F) or the fermented
pea diet (G)
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Chicken Ileum, AB-PAS, 10x

Conclusion: Feed additives are powerful tools to fine-tune 

the mucus barrier, but their value lies in achieving 

functional efficiency rather than maximal secretion.

Colon, pigs; Hüttner 2017
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Dual function of the immune system

• Balance



20

Sow-piglet-couple

https://www.hypor.com/de/news/hypor
-leitfaden-fur-ein-effektives-
abferkeKManagement/

Landwirtschaftskammer.de Bayerische Landesanstalt für 
Landwirtschaft

How health starts…
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Sow-piglet-couple

• Birth canal + coprophagy = Early microbial colonisation

- Piglets eat approx. 20 g faeces + 

litter/d (Sansom & Gleed, 1981)

- Coprophagy in the first 7 days

(Aviles-Rosa et al. 2019):

- 25 % leucocytes

- Feed intake

- Weight gain

- Final weight: 9.6 kg > Piglets without coprophagy
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Sow-piglet-couple
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• Eubiosis = Balanced microbial 

colonization

• Dysbiosis = disturbed balance

Verhandlungen ärztlicher Gesellschaften 1960

Ernährungsforschung 24, 1979

Hooks KB, 
O’Malley MA. 
2017.
Dysbiosis and its 
discontents. 
mBio 8:e01492-
17. 
https://doi.org/
10.1128/mBio.0
1492-17
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• Major Bacterial Phyla:

• Higher diversity might be beneficial

• Consider the gut as ecosystem

Firmicutes

• Beneficial genera 
like Lactobacillus, 
Clostridium, and 
Ruminococcus

• Fiber degradation, 
fermentation

• SCFAs, which 
support gut health

Bacteroidetes

• Breaking down 
complex 
polysaccharides

• Key role in energy 
extraction from feed

Proteobacteria

• Overrepresentation 
of Proteobacteria
(e.g., Escherichia 
coli, Salmonella)

• Often associated 
with dysbiosis and 
gut inflammation

Actinobacteria

• Includes beneficial 
microbes such as 
Bifidobacterium

• Associated with 
maintaining gut 
integrity and 
outcompeting 
pathogens

~ 1000 different species
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Relevance of gut microbiota for digestion

• Active proteolytic microbial community in the hindgut – what are they doing?

- Bacteroides, Clostridium, Fusobacterium, Streptococcus, and Enterococcus 

spp.

Ammonia

Phenols

Indole

Biogenic 
amines

Dys-
Fermen-

tation
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Microbiota development and „imprinting“

Weaner piglets

Ł
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Domestication

• Wild boar → Bifidobacteria 

• Domesticated pigs or wild boar kept in captivity → Lactobacillus spp. + 

Enterobacteriaceae 

Ushida et al. 2016

www.br.de
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Housing
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Context

1. The Big Picture: Rethinking Animal Health and 
Welfare

2. The Gut as a Central Hub
(Linking digestion, microbiome, and immunity)

3. Intervention Points: Feed Additives as Tools

4. Future Directions: From Efficiency to 
Resilience



32

Evidence of Effectiveness

Improved growth and feed efficiency

Health and immune modulation

Potential AMU replacement
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• Functional classification (EU categories)

1. Technological additives

2. Sensory additives

3. Nutritional additives

4. Zootechnical additives

- Improve animal performance or environment

- Examples: digestibility enhancers, gut flora stabilizers

5. Coccidiostats and histomonostats

Feed additives
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Feed additives

Additives Effects

Microbiota Other effects

Trace elements

Cu, Zn

Immune system, gut 

physiology

Acids, salts Diarrhea ↓

Enzymes Digestive physiology ↑

Probiotics Diverse

Non digestible

carbohydrates

Microbiota, immune 

system

Phytogenic additives Immune system, digestion
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• Amino acids (AAs)

- Essential for growth

- Functional roles in gut health

- Key examples 

- Glutamine

- Tryptophan

Amino acids
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Functions of some key amino acids in the gut

Energy

substrates

Immunity and

health

Antioxidative

defense

Protein

synthesis

Arginine
Precursor of 

Creatine

Precursor of Nitric

Oxide

• Modulates

mTOR activity

• Precursor of 

polyamines

Glutamine
Metabolic fuel for 

enterocytes

Metabolic fuel for 

lymphocytes

Precursor of 

glutathione

Modulates mTOR 

activity

Glycine
Precursor of 

glutathione

Threonine

Rich in 

immunogloulins and 

mucins

Cysteine Rich in mucins
Precursor of 

glutathione

Tryptophane

Critical for 

macrophage and 

lymphocyte function

BCAA/Leucine
Precursor of 

glutamine

Modulates mTOR 

activity
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• Glutamine a "miracle amino acid“?

Sow +

Weaner pigs +

Suckling piglet ±
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• Trp Supplementation @ Gut 

Health:

- Support of intestinal 

morphology (Koopmans et al., 

2006)

- Fewer symptoms of colitis in 

piglets (Kim et al., 2010)

Critical role of tryptophan in infections
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Probiotics and prbiotics

• Probiotics

- Microorganisms

- Bacteria and yeasts

• Prebiotics

- Carbohydrates that cannot be digested by the 

body's own enzymes

- Fermentable substrate for the intestinal microbiota

- = Feed materials

Bilder: https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html; https://www.reading.ac.uk/food/our-staff/glenn-gibson; 
http://www.bio-kult.com/userfiles/file/1756_what_exactly_are_probiotics.pdf 

https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html
https://www.reading.ac.uk/food/our-staff/glenn-gibson
https://www.reading.ac.uk/food/our-staff/glenn-gibson
https://www.reading.ac.uk/food/our-staff/glenn-gibson
https://www.reading.ac.uk/food/our-staff/glenn-gibson
https://www.reading.ac.uk/food/our-staff/glenn-gibson
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Use of probiotics with the aim of improving animal health

• Effects of probiotics and diarrhoea prophylaxis in piglets

2007 2012 2025
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Mode of action of probiotics

Probiotic
(Lactobacilli)

Growth stimulation

− Bifidobacteria

− Lactobacilli

Lactate

− pH ↓

− Epithelial cell growth ↑

− Colonic blood flow ↑

− Motility modification

− Absorption of water, minerals ↑

− Mucus production ↑

− Adherence inhibition

− Growth inhibtion

− Pathogens

− Harmful bacteria

Immune modulation

Adherence inhibition

Growth inhibtion

Growth inhibition, exclusion

Lactate utilizing bacteria

Short chain fatty acids
Mod. OHASHI and USHIDA 2009
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Mode of action of probiotics
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Mode of action of probiotics

Probiotic
(Lactobacilli)

Growth stimulation

− Bifidobacteria

− Lactobacilli

Lactate

− pH ↓

− Epithelial cell growth ↑

− Colonic blood flow ↑

− Motility modification

− Absorption of water, minerals ↑

− Mucus production ↑

− Adherence inhibition

− Growth inhibtion

− Pathogens

− Harmful bacteria
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Lactate utilizing bacteria

Short chain fatty acids
Mod. OHASHI and USHIDA 2009



45

- Probiotic + Probiotic
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Salmonella and diarrhea in piglets

Time post infection [Days]
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Microbiota

• Narasin → stark CP-reduzierende 

Wirkung

Wirksam

• Probiotischer Bacillus subtilis Stamm

• Kurz- und mittelkettige Fettsäuren

• Saccharomyces cerevisiae

Animals 2020, 10(2), 240; https://doi.org/10.3390/ani10020240 

http://www.poultryhub.org/wp-
content/uploads/2012/06/Necrotic-enteritis-
lesions.jpg

http://www.poultryhub.org/wp-
content/uploads/2012/06/Necrotic-enteritis-
lesions.jpg
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Microbiota

Narasin had a strong C. perfringens 

reducing effect

Also effective

• Bacillus subtilis probiotic strain

• Short- and medium-chain fatty acids

• Saccharomyces cerevisiae

Animals 2020, 10(2), 240; https://doi.org/10.3390/ani10020240 
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Prebiotics

• Inulin

- Extraction from Jerusalem artichoke, chicory or artichoke 

- Heterogeneous structure

- Chain length 3 to 60

W
ik

ip
e
d
ia
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Prebiotics in pigs

• Establishing a more stable and diverse microbiota

• Lactobacillus and Bifidobacterium spp. ↑ 

• Reduced ammonia content in the colon
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Phytogenic Additives

Plant-based bioactives

Antimicrobial and anti-inflammatory

Improve nutrient utilisation
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• AMUs as positive control

• AMUs around weaning could be replaced 

by pDFA 

• No negative effects on the performance 

indicators
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Phytogenic feed additives

• Herbs, spices, plant extracts

RNA sequencing

• Antimicrobial properties (pancreas, follicles) 

• Mineralization processes

• Improved cleavage of carbohydrates, peptides, 

and lipids in the follicle, indicating improved

nutrient utilisation for the developing embryo
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Phytogenic supplement for weaned rabbits
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Postbiotics in Animal Nutrition

• Postbiotics 

- Bioactive microbial metabolites (e.g., SCFA, peptides, cell components)

- Antimicrobial & anti-inflammatory effects

- Modulate immunity and microbiota activity

- High stability

- Key concept: targeted, consistent gut health modulation
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Postbiotics
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Context

1. The Big Picture: Rethinking Animal Health and 
Welfare

2. The Gut as a Central Hub
(Linking digestion, microbiome, and immunity)

3. Intervention Points: Feed Additives as Tools

4. Future Directions: From Efficiency to 
Resilience
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Future Directions

Microbiome-targeted strategies

Functional metabolites

Advanced delivery systems

Integrated health concepts
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Take-Home Message

Gut health 
is central to 

animal 
health

Feed 
additives 

offer 
targeted 
solutions

Future: 
integrated
systems
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