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Objective 
Company………….research……………….EFSA……….user 



What is intestinal (or gut) health? 

'Gut health' is a term increasingly used in the medical literature and by 
the food industry. 
 
From a scientific point of view, however, it is still extremely unclear 
exactly what gut health is, how it can be defined and how it can be 
measured. 



What is intestinal (or gut) health? 



FACTOR STUDIED: 
 

Algae, Seaweed, Laminarin 
Cysteamine 
Fatty acids 

Deoxynivalenol 
Fiber, Prebiotic 

Monosodium Glutamate, Glutamine 
N-acetylcysteine 
Enzyme complex 

Plant extracts, Essential oils 
Amino acids, L-methionine 

Dietary protein, Different cereals 
Antimicrobial peptide 

Wheat bran 
Zinc oxide 

Probiotic, Bacillus spp, Lactobacillus 
… 

DEPENDENT VARIABLE: 
 

Gut health 
Intestinal health 

Growth performance 
Nutrient digestibility 
Peptide transporters 

Immune status/response 
Blood profile 
Inflamation 

Experimental infection/Challenge 
Fermentation 

Intestinal population/microbiota 
Mucin gene expression 

Cytokine gene expression 
In vitro model 

… 

(((gut health[Title]) OR intestinal health[Title])) AND pig* 
27 results PUBMED  



Components of gut health 
MICROBIOTA 

MUCOSA 

The animal 
around the 
gut 



What about the pig? 

MUCOSA 

MICROBIOTA 

The animal 
around the 
gut 



Changes in physiology and structure with solid diet: 
Suckling vs. 7d after weaning 



Microbiota: suckling vs. 7d after weaning 



Microbiota: suckling vs. 7d after weaning 

Those animals which microbiota does 
not adapt to the solid diet will have 
diarrhea 



Intestinal Mucosa: Evolution after weaning 



Intestinal Mucosa: suckling vs. 7d after weaning 



Solution: AGP, profilaxis, metafilaxis… 

EFSA (food)                EMA (medicine) 
Antibiotic growth promoters 
 
Fact: No prescription 
 
Theory:  
Same antibiotics, lower dose 
Reduces microbial population, 
less inflamation, more nutrients 
available… pathology??? 

Therapeutic use of antibiotics 
 
Fact: Prescription 
 
Theory:  
Same antibiotics, high dose 
Fights a particular pathogen 



Methods: The world after PCR 



Methods: Microbiota 

Culture-based methods Molecular methods 
 

T-RFLP 
DGGE 

Microarrays 
(90s) 

 
 

Next Generation Sequencing 
(2005) 

 
 

Third Generation Sequencing 
(recently) 
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Methods: Microbiota 
Culture-based methods Molecular methods 

PROS 
 
-Cheap 
-Live bacteria 
-Physiology and biochemistry 
 
CONS 
 
-Time consuming 
-Processed immediately 
-Unculturable bacteria 

PROS 
 
-All bacteria present 
-Fast and samples can be frozen 
 
CONS 
 
-Expensive 
-Inconsistency on sample processing 
and data analysis 
-Not well developed for function 

We should go beyond: “Firmicutes and bacteroidetes are the main phyla and such and such 
genera are different”. 



Methods: Microbiota functional measure 
Volatile Fatty Acids 
 
Acetic 
Propionic 
Butyric 
Valeric 
Iso forms 
 
Lactic etc… 



Methods: Mucosa 



Methods: GALT, Gut Associated Lymphoid Tissue 



Methods: GALT 

-In situ methods 
-Cytometry 
-Molecular (–omics) methods 



Methods: GALT, Gut Associated Lymphoid Tissue 



Methods: The animal surrounding the gut 

There is no win-win situation with immune function. Moving towards one 
type will reduce the other. 



In vitro methods & Experimental infections 

In vitro methods are very 
useful for screening 
 
Experimental infections will 
show differences that are 
not seen in physiological 
conditions 



Effect of wheat bran on piglet gut health 
after weaning 



My first approach to fiber 





My first approach to fiber 
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Effect of different fiber sources on productive performance of 
piglets 10d after weaning (Molist et al., 2009) 



Effect of wheat bran in piglets challenged with E coli K88+ 

NC - neg control 
 
PC - Antibiotics 
 
WBf - Wheat bran 
fine 
 
WBc - Wheat bran 
coarse 



Effect of wheat bran in piglets challenged with E coli K88+ 



E. coli Attachment to epithelial cells 

Wheat Bran 
Casein GlycoMacroPeptide 
MannanOligoSaccharides 
Locust Bean 
Arpergillus Oryzae 



Effect of different fibers in cells challenged with E coli K88+ 



Final application 



Statistical considerations in studies on 
gut health 



Correlation vs. mechanistic approach (causation) 

Better growth 
Less diarrhea 
 
Decrease in lactobacilli 
Increase in coliforms 
Increase in enterococci 



Correlation vs. mechanistic approach (causation) 



Correlation vs. mechanistic approach (causation) 

0.0 0.1 0.3 1.0 SEM P-value Lineal P 

0-5 d 

   ADG 14.4b 15.8ab 15.7ab 16.7a 0.51 0.036 0.025 

   G:F 0.93b 0.97ab 1.00ab 1.03a 0.020 0.011 0.009 

Performance of broilers fed diets containing increasing doses of sodium butyrate 
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Correlation vs. mechanistic approach (causation) 

Crop                                         Jejunum 

No butyrate reaching 
small intestine 



Publication bias: Meta analysis of Tulathromycin 



Publication 
bias 
 
 
 
Effect of 
xylanase on 
pig growth 



The problem with multiple comparisons 



The problem with multiple comparisons 

Increasing the number of comparisons (p-value) 
 
Microarrays, NGS… can provide thousands of variables 
 
Low sample sizes 
 
Hundreds of false positives 
 
Genomes not well annotated 



THANKS!!! 
 

GO RAIBH MAITH AGAIBH!!! 
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