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Mathematical modelling

Reverse engineering To model these phenomena in order to develop a reverse engineering approach 

Our goals

Bioactivities

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 In silico models ( )

Human models

De
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Le Feunteun et al.

2014, 2020

In vitro static models (infant, adult, elderly) Acid Gel

Rennet Gel Infant formulas: can we create lipid structures biomimetic on the native fat globule?

Formula T1 Formula T2 Formula T3

Interface 100 % phospholipides 40% vegetable oil + 60% milk fat

  understand the mechanisms of breakdown of food matrices and their constituents in the gut and identify the beneficial/deleterious food components released during digestion To determine the impact of the structure of food matrices on nutrient bioavailability

From→

  caseins, 10 g/L whey proteins, 95 g/L lactose and minerals + marker of the meal transit (Cr 2+ -EDTA) → Gastric emptying half-time delayed proteins transit → delayed AA absorption maximal AA concentration in the plasma

•

  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 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.

  

  

  

  

  

  

  

  

  

STOMACH NERDT™ : the NEar Real Digestive Tract

  

	Xiao Dong Pro-Health
	Smart Digestion
	Suzhou University
	Nau F, & Dupont D.
	INRAE, Rennes, France

Macroscopic scale Protein Sequence Activity Reference 4 20 50 105 165 225 315

  

	s	1-23	EMUL	Shimizu et al. (1984)
	s	23-34	HYP	Maruyama & Suzuki (1982)
	s	30-45	MB	Meisel et al. (1991)
	s	40-52	MB	Adamson & Reynolds (1996)
	s	43-58	MB	Meisel et al. (1991)
	s	91-100	STRE	Miclo et al. (2001)
	s	99-109	MIC	McCann et al. (2006)
	s	167-180	MIC	Hayes et al. (2006)
	s	180-193	MIC	Hayes et al. (2006)
	s	1-24	MB	Miquel et al. (2005)
	s	124-146	MB	Miquel et al. (2005)
	s	183-206	TRAN	Kizawa et al. (1996)
	s	183-207	MIC	Recio & Visser (1999)
	s	189-197	HYP	Maeno et al. (1996)
	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)

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

  

	Protein	Sequence	Activity	Reference	4	20	50	105	165	225	315
				Adamson	&	Reynolds
	s	40-52	MB		(1996)
	s	43-58	MB	Meisel	et	al.	(1991)
	s	99-109	MIC	McCann	et	al.	(2006)
	s	167-180	MIC	Hayes	et	al.	(2006)
	s	180-193	MIC	Hayes	et	al.	(2006)
	s	1-24	MB	Miquel		et	al.	(2005)
	s	189-197	HYP	Maeno	et	al.	(1996)
		33-52	MB	Miquel		et	al.	(2005)
		166-175	HYP	Hayes	et	al.	(2007)
		193-202	IMM	Kayser	&	Meisel	(1996)
	-lg	92-100	MIC				(8))
	-lg	142-148	HYP				(9))

Microscopic scale

minipigs (20 ± 1kg) 

What happens when they become older (140 d)?

Vegetable Dairy Lipids Human milk

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

Conclusion

The structure/composition of food regulate the kinetics of protein digestion in the gastrointestinal tract and the release of amino acids in the bloodstream

Being able to design food structures for controlling the kinetics of hydrolysis of macronutrients will allow to obtain food particularly adapted to specific population Omic technologies (proteomics, peptidomics, lipidomics…) are great tools to identify the molecules that are released in the gut during digestion and assess the bioaccessibility of nutrients Main objective: understanding the mechanisms of food digestion
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• 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)