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Adult obese population (BMI>30)
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Colon Cancer, Stroke, Coronary Heart Disease, and Type 
II Diabetes Potentially Preventable by Life-Style 

Modifications

1. From: Willett, WC. Science 296:696, 2002.



A L I M E N T A T I O N                    
A G R I C U L T U R E

E N V I R O N N E M E N T

Animal nutrition and the Environment
• Feeding the world while considering human health and 

environment preservation. 
• FAO report: “Livestock’s long shadow” on 

environment interactions 
• livestock sector is 

– of great economic and social importance, 
– a major determinant of nutrition and human health,
– the largest land user of the world, 
– the major driver of pollution, gaseous emissions and climate 

change.  
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Animal nutrition and the Environment

• Inter-disciplinary and integrative approaches, 
– feeding system, 
– animal genetic and health, 
– breeding system 
– waste management
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Animal nutrition and the Environment

• Agrofuel production is growing in competition 
with animal production
– Utilization of biofuel by-products to feed the animals 

(pig, poultry as well as ruminants) ?
– nutritive value, 
– consequences on animal metabolism, 
– health and product quality 
– contribution of the whole system to greenhouse gas 

emission reductions. 
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Nitrogen deposition
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Health and nutrition

• Human studies in health and diseases
• Laboratory animals: models for human nutrition research.
• Animal nutrition as specific topics.

– Specific requirements in inflammatory states
– Impact of diseases: inflammation and stress response 

• utilization of specific nutrients (immunonutrition): amino acids (cystein, 
glutamine, arginine, leucine, tryptophan, etc..), fatty acids, nucleotides, etc.

– Preventive nutrition and nutritional programming or imprinting
• identification of different fractions of colostrum and milk on gene expression 
• plasticity of milk composition and specific nutrient supplies. 
• nutritional programming and disease occurrence (obesity, type II diabetes, 

cardiovascular disease or metabolic syndrome): The “Thrifty Phenotype”
hypothesis involving potentially  epigenetic events, such as DNA methylation or 
histone modifications.



Kalantar-Zadey et al, Kidney Int 2003
Général population: Calle et al, N Engl J Med 1991
Hémodialysis data: Leavey et al, Nephrol Dial Transplant 2001
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Favier, et al, J Appl Physiol, 1991

Additive effect of training and High Fat diet on energy 
metabolism during exercise
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Rimbert et al, FASEB J, 2004
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plasma protein =
6%

urea
= 57% free plasma amino acids

= 23%

= 13%

peptides and
free amino acids

= 100%

dietary proteins adapted from David ELWYN

liver proteins
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Leucine supplementation improves muscle protein 
synthesis in elderly men independently of 

hyperaminoacidaemia

QuickTime™ et un
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Rieu et al, J Physiol, 2006



A leucine-supplemented diet restores the defective 
postprandial inhibition of proteasome-dependent proteolysis 

in aged rat skeletal muscle

QuickTime™ et un
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Combaret et al, J Physiol, 2006
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Immuno nutrients
• Glutamine
• L arginine
• Omega-3 fatty acids
• Nucleotides

• In cow or human milk:
– 30% of nitrogen is nonprotein
– 5% consist of nucleotide

• several observations in children support the view of a beneficial effect 
of nucleoside

– Growth and maturation
– Neurological development
– Fewer gastro-intestinal infections

Iwasa, Nutrition, 2000, Yu, Singapore Med J, 1998, Carver, Acta Peadiatr, 1999
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dietary nucleotides

- ∨ protein synthesis

- ∨ immune response

- ∨ survival rate in animal model with septic challenge

Fanslow WC et al. JPEN J Parenter Enteral Nutr 1988; 12 : 49-52
Heyland DK et al. Crit Care Med 1995; 22 : 1192-1202
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Relationship between animal 
nutrition and food quality

• Objective: taking into account the food-chain as a 
whole process

• Human nutrition — Heath –Food — Functional 
nutrients 

• Specific vegetal constituents — efficacy of animal 
transfer

• Specific animal metabolism
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Lipid depositions
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Effect of cow diet on butter FA profile and aorta 
lipid infiltration in rabbits fed 0.2% cholesterol

(Roy et al., Animal Sci. 2006 & Animal 2007)

Cow diet Butter
Aorta 

infiltration
starch + n-6 FA
mixed diet
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Nutrigenomics & Nutrigenetics
• Nutrigenomics 

– Determines the influence of dietary ingredients on the genome
– Relates the resulting phenotypes to cellular and/or genetic response 

of the biological system. 
How a nutritional stimulus affects metabolic pathways and 

homeostatic control.

• Nutrigenetics, 
– Aims to understand how the genetic makeup of an individual
– Coordinates their response to diet considering underlying genetic 

polymorphisms. 
How the genetic makeup of an individual coordinates the 

response to diet
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Genes, nutrition and diseases
• Nearly 1000 genes associated with human disease

97% result in monogenic diseases.
– Dietary compounds can prevent some monogenic diseases 

(i.e.galactosemia and phenylketonuria). 
Galactose-free and phenylalanine-restricted tyrosine-supplemented 
diets are the nutritional treatment of these diseases, respectively.

• Degenerative diseases (cancer, obesity, diabetes and 
cardiovascular disease) are the consequence of biological 
network dysfunctions (polygenic diseases). 

A meta-analysis of  2000 microarray studies spanning 22 different 
tumor types evidenced no single common gene mutation but  
shared functional modules (Segal et al).
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Live long? Die young? Answer isn't just in genes 
 
By Gina Kolata The New York Times 
 
Published: August 31, 2006 
 

"How tall your parents are compared to the average height 
explains 80 to 90 percent of how tall you are compared to the 
average person, but only 3 percent of how long you live compared
to the average person can be explained by how long your parents 
lived.
You really learn very little about your own life span from your 
parents' life spans. Even twins, identical twins, die at different 
times: on average, more than 10-15 years apart.”

From James Vaupel, director of the Laboratory of Survival and Longevity at 
the Max Planck Institute for Demographic Research in Rostock, Germany
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Complex systems are the same in principle

Tools for understanding complex engineering systems can be applied in biomedicine



Vibration, Noise, Gas etc.
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System-level features of a cell

• Secretome-extracellular proteins
• Metabonome-extracellular metabolites Vibration Noise Gas
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Cellular reverse engineering

• Clustering of cells based on their secretome 
and metabonome

• Differences of profiles of extracellular 
proteins and metabolites between cancer and 
normal cells

• Cellular Biomarker discovery based on 
secretome and metabonome
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Animal nutrition and the Environment
• Controlling rumen fermentation is an interesting 

challenge (volatile fatty acid and protein synthesis). => 
Energy (methane) and protein (ammonia ) 
inefficiencies 
– => Release of pollutants to the environment. 
– => alternatives to antibiotics in controlling specific 

microbial populations 
– => specific nutrients administration: essential oils and plant 

extracts (see C. Martin et al, at ISEP07), alternative protein 
sources (proteaginous) or natural additives (tannins, essential 
oils)
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