Nutrient absorption Kong and Singh, 2008 Gastric phase = a very complex but crucial step for the whole digestion process

The digestive process pH 6.5-6.8

α-amylase

From Roger Lentle, Massey Univ. NZ

.05 Acid Gel

Rennet Gel Soleil is a particle (electron) accelerator that produces the synchrotron radiation, an extremely powerful source of light that permits exploration of inert or living matter DISCO is a VUV to visible beamline dedicated to biochemistry, chemistry and cell biology. The spectral region is optimized between 60 and 700 nm with conservation of the natural polarization of the light  Allow the imaging of protein intrinsic fluorescence with a UV microscope Can we estimate plant protein digestibility with in vitro digestion models?

.034

In vitro/ in vivo correlation for protein digestibility measurement If animals are submitted to a nutritional stress (high fat/sugar diet), some differences remain in: * the microbiota composition * the fecal metabolome with different metabolites (including propionate) * the immune system with a reduced susceptibility to inflammation with milk lipids

*

  . 2018 In vitro demonstration using the HGS Ye et al. 2016 Ye et al. 2019 In vivo evidence using a rat model Mulet-Cabero et al. 2019 In vitro semi-dynamic model Structure of the coagulum depends on milk processing, the presence of lipids and the type of caseins Molecular scale .011 The objectives of the study were to: 1 Determine whether gastric emptying of an isoproteic solution of CM and CS are different or not (exp. 1) 2 Characterize the structure of the resulting chyme and determine if CM and CS are differently metabolized (exp. 2) at the beginning of gastric emptying (5-10 min after ingestion) Radioactivity fully fills the stomach Radioactivity is highly concentrated in the proximal part of the stomach The objectives of the study were to: 1 Determine whether gastric emptying of an isoproteic solution of CM and CS are different or not (exp. 1) 2 Characterize the structure of the resulting chyme and determine if CM and CS are differently metabolized (exp. 2) CM forms a large coagulum in the stomach whereas CS mainly remains in the liquid form a strong coagulum in the stomach leading to a slow and constant release of plasma amino acids up to 7 h * CS form a loose precipitate in the proximal part of the stomach but most of the caseins remain solubilized in the liquid fraction * CS are rapidly metabolized in the small intestine leading to the appearance of a peak of plasma amino acids one hour after protein ingestion CM = slow caseins, CS = fast caseins Do some in vivo kinetics experiments Use 15 N labelled-caseins to differentiate endo/exogenous proteins Perspectives Molecular scale From the protein molecular structure to the the food microstructure: The case of egg white gels The microstructure of egg-white gels made from different types of aggregates affects the kinetics of proteolysis Rate of in vitro digestion L caseins, 10 g/L whey proteins, 95 g/L lactose and minerals + marker of the meal transit (Cr 2+ -EDTA) → Gastric emptying half-time unheated milk ("raw" milk)

•

  More bioactive peptides identified during digestion of acid gel than rennet gel • Nature of peptides is identical (clearly defined by the digestive enzyme specificity) • Kinetics of release are different More than 16000 peptides identified by LC-MS-MS in the jejunum Macroscopic scale Differential behaviour of acid/rennet gels in gastric conditions  Acid/Rennet gel: identical composition, similar rheological properties and pore size  ≠ Time of residence in the stomach (Acid 148 min /Rennet 352 min)  How can we explain this difference? Dynamic in vitro digestion of the 2 and rennet gels in the stomach during in vitro dynamic digestion Formation of a strong coagulum with rennet gel → slow down the gastric emptying of caseins The structure that a food adopts in the stomach is essential to



  plant-based foods: 2 solids / 2 liquids Protein digestibility with a dynamic in vitro digestion model Dynamic in vitro digestion DiDGi ® with Nile Red and proteins stained with Fast Green. Distribution of non-encapsulated and encapsulated DHA oil in omelets. The particle size of heat-denatured WPI on average is 42 nm. Around 10-25% and 40-70% of ingested TAG can be hydrolyzed in gastric and intestinal phase, respectively (Bauer et al; Carriere et al.Milk lipids ➔ maturation of the piglet's immune system more similar than with sow's milk

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Bioactive peptides released during digestion differ from one matrix to another Barbé et al. 2014 Food Res Int

  

																Macroscopic scale
	Protein Sequence Activity	Reference	4 20 50 105 165 225 315										
	s	1-23	EMUL	Shimizu et al. (1984)	Protein	Sequence	Activity	Reference	4	20	50	105	165	225	315
								Adamson	&	Reynolds
	s s s s s s s s	23-34 30-45 40-52 43-58 91-100 99-109 167-180 180-193	HYP MB MB MB STRE MIC MIC MIC	Maruyama & Suzuki (1982) Meisel et al. (1991) Adamson & Reynolds (1996) Meisel et al. (1991) Miclo et al. (2001) McCann et al. (2006) Hayes et al. (2006) Hayes et al. (2006)	s s s s s s s	40-52 43-58 99-109 167-180 180-193 1-24 189-197	MB MB MIC MIC MIC MB HYP	(1996) Meisel et al. (1991) McCann et al. (2006) Hayes et al. (2006) Hayes et al. (2006) Miquel et al. (2005) Maeno et al. (1996)
	s	1-24	MB	Miquel et al. (2005)		33-52	MB	Miquel		et	al.	(2005)
	s	124-146	MB	Miquel et al. (2005)		166-175	HYP	Hayes	et	al.	(2007)
	s	183-206	TRAN	Kizawa et al. (1996)		193-202	IMM	Kayser	&	Meisel	(1996)
	s	183-207	MIC	Recio & Visser (1999)	-lg	92-100	MIC				(8))	
	s	189-197	HYP	Maeno et al. (1996)	-lg	142-148	HYP				(9))	
	s	190-197	HYP	Maeno et al. (1996)											
		1-24	MB	Bouhallab et al. (1999)											
		33-52	MB	Miquel et al. (2005)											
		60-80	OPI	Jinsmaa & Yoshikawa (1999)											
		98-105	OXI	Rival et al. (2001)											
		114-119	OPI	Jinsmaa & Yoshikawa (1999)											
		132-140	HYP	Robert et al. (2004)											
		192-209	IMM	Coste et al. (1992)											
		193-202	IMM	Kayser & Meisel (1996)											
		193-209	IMM	Coste et al. (1992)											
		18-24	HYP	Lopez-Exposito et al. (2007)											
		106-116	THR	Jolles et al. (1986)											
	-lg	32-40	HYP	Pihlanto-Leppala et al. (2000)											
	-lg	92-100	MIC	Pellegrini et al. (2001)											
	-lg	142-148	HYP	Mullally et al. (1997)											

Microscopic scale

What happens in vivo?

Encapsulation increased oxylipins in heart and brain (precursors of protectins and maresins that limit inflammation and infection)

Encapsulation increased DHA concentration in plasma and red blood cells 

Conclusion

The structure/composition of food regulate the kinetics of protein digestion and the release of amino acids in the bloodstream Gastric emptying rate will highly depend on the structure that the product will adopt in the stomach cavity.

Being able to design food structures for controlling the kinetics of hydrolysis of macronutrients will allow to obtain food particularly adapted to specific population Understanding the mechanisms of food particle breakdown in the stomach is critical to control the structure a food will adopt in gastric conditions 
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Improving health properties of food by sharing our knowledge on the digestive process

International Network

Dr. Didier DUPONT, Senior Scientist, INRAE, France
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Main objective: understanding the mechanisms of food digestion

58

• Harmonize the methodologies and propose guidelines for performing experiments

• Validate in vitro models towards in vivo data (animal and/or human)

• Identify the beneficial/deleterious components that are released in the gut during food digestion

• Determine the effect of the matrix structure on the bioavailability of food nutrients and bioactive molecules

• Develop new in vitro, in vivo and in silico digestion models including some for specific populations (infant, elderly)