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
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In vivo (animal) models

Rodents

Probably not the best model to mimic the upper part of the human GI tract Gnotobiotic animals (« humanized » mice) are of interest to study the effect of food on the microbiota

Pigs

Piglets

Mini-pigs Multi-canulated and catheterized pigs Pretty good model of the upper GI tract Canulas and catheters allow to collect effluent and plasma throughout digestion (kinetics)

.024

Human Models

Patients with ileostomy Naso-gastric or naso-jejunal probes Food structure as modified by processing affects the kinetics of food digestion

.026

Fat-free matrices: 40 g/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 

Acid Gel

Rennet Gel 

Objectives of the project

To assess the sensory perception of these cheeses by elderly people with impaired or intact dental health (n=76)

To assess the calcium and amino acid bioavailability in conventional pigs

To design a range of cheeses with identical composition (n=4):

 exclusively made of whey proteins to provide 10 g of protein/portion and high intake of Leucine  enriched in calcium to provide 280 mg of calcium (25% of the daily intake) .051

Which textures of cheeses are comfortable for older people with or without oral health impairment?

. A product is comfortable when the bolus is easy to form .

In-mouth comfort .052 

In vivo digestion

Conclusion & perspectives

Whey-based cheeses allowed to increase Leu bioavailability

No differences in Ca bioavailability were seen during the in vivo study on pigs

In the future, we would like to determine: if other sources of calcium can increase its bioavailability

The differences between casein and whey-based cheeses could be due difference in kinetics of digestion. This could result in the selective sequestration of some AA by the splanchnic area ? Or be due to oxidation of some AA before and after absorption???

how the hardness and humidity of the bolus will affect digestion in elderly if the whey-based cheeses really allow to restore muscle synthesis in elderly

Understanding human milk digestion to design new infant formulas that will have the same behaviour in the GI tract .068

s 2 -casein s 1 -casein .087

In vivo digestion of milk proteins A great variability in patterns but some peptides present in all subjects 31 peptides present throughout digestion 14 peptides found in all the subjects Among those 5 bioactive peptides 

•

  in vitro digestion method suitable for food-an international consensus, Food & Function, Minekus et al. 2014 -Highly Cited Paper 800 citations in 4 years!  Huge diversity between the models mimicking the GI tract of the adult (E/S, pH…)  Impossible to compare results from one study to another -Need for harmonization More expensive than static models • Too « large » to use pure enzymes (gastric lipase) • Low throughput Limitations Absorption is usually poorly mimicked Shape of the stomach Role of the brush border Role of the mucus layer

•

  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 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 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 microscopeGP effectively be hydrolyzed by pepsin from the interior of the gel pores. food have the same macrostructure but different microstructures? 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 + Nyemb et al., 2016. Food Hydrocolloid, 54, 315-27  Nyemb et al., 2016. Food Res. Int., 88, 302Proteolytic activity even at pH 7 and 9: probably driven by local pH L Lorieau, J Floury & D Dupont STLO, UMR 1253, INRA, Agrocampus Ouest, 35000 Rennes, France Digestion and oral comfort of cheese developed to meet the sensory and nutritional needs of the elderly .042 AGEING = a world problem… Challenge : healthy ageing = • Keeping people autonomy • Offering them physical and social activities • Preventing the development of pathologies • Offering them an adequate diet The EU population over 65 2015 : 1/5 of the population 2050 : 1/3 of the population

  bolus disintegration by denture wearers observed byMishellany-Dutour et al. (2008), Woda et al. (2006), Yven et al. (2006) 

.

  Oral health alterations do not negatively impact the in-mouth comfort Vandenberghe-Descamps et al (2017), Assad-Bustillos et al. (2017), Laguna (2016) But the bolus formed are different (hardness and humidity)

  curve (g/L/min)



  Our data confirm those previously obtained on elderly for liquid samples.056



  contributing to less than 1% of the peptides -Peptides essentially come from β-casein -L'α-lactalbumin (ALAC) : 1% of peptides - Resistant to gastric digestion - 4 disulphide bridges -More peptides specific of pasteurised milk Does processing affect protein hydrolysis during milk powder digestion?



  Kinetics of -casein digestion differ according to the area studied Dupont et al. 2010 Food Dig Can we design new generation of infant formula that would be biomimetic of human milk? resist to intestinal digestion in the presence of dairy fat  Modification of the interface (Granger et al 2005; Davies et al, 2001) composition * the metabolome with 5 discriminating metabolites (including propionate) * the immune system with a reduced susceptibility to inflammation with milk lipids (lower TNFα and IL8 with dairy lipids) Involved partners : PNCA (AM Davila), CSGA (S Nicklaus) Duration of the project : 36 months (January 2018-December 2020) Main objective :To assess the nutritional, physiological and sensory potential of infant formula as native as possible but microbiologically safeusing a cascade of filtration technologies compares to one submitted to several heat treatments Design of a «native » infant formula using filtration technologies : nutritional, physiological and sensory impacts

  May bioactive peptides released during digestion have an effect in vivo?

•/

  Samples were characterized by ESI-MS-MS. Only peptides larger than 5 amino acids are considered • 16 subjects were fed with 30g of either: •Caseins •Whey proteins • Intestinal contents were collected through a double lumen nasogastric tube placed in their jejunum during 6 h after ingestion (location of the sampling site was controlled by radiography) • Effluents were then freeze-dried until further use. Before analysis, effluents were rehydrated in 50 mM Tris-HCl buffer pH 8.0 and 2M urea, centrifuged for 10 min at 2000 g Kinetics of peptides release  Release of casein peptides throughout digestion  Peptides generated from whey proteins digestion are larger  Generation of a unique database of dietary peptides bioaccessible

  (94-123) stimulates the mucus production in vitro (HT-29 MTX) and in vivo (rat) Plaisancie et al. 2013, J Nutr Biochem Plaisancie et al. 2015, J Dairy Res

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

macrostructure Comparison of 6 dairy products of identical composition but different structure

  

	Ultra Low Heat powder	rehydration in	unheated milk ("raw" milk)	rennet gel rennet 0.003 % v/w 24h-20°C,	10 µm	pH 6.6
	water 14.5% 1 catheter: abdominal aorta	heat treatment 90°C-10 min	
	heated milk microstructure × 8 sampling times after ingestion 6 minipigs × 6 matrices = 288 plasma samples collected	acid gel rennet gel rennet 0.3 % v/w 24h-20°C, GDL 3 % w/w 24h-20°C, 2 cannulas: end of stomach and mid-jejunum pH 4 pH 6.6
			24h-20°C,			
			GDL 3 % w/w + mixer 2 min	stirred acid gel 6 minipigs	pH 4
					× 6 matrices	
					× 8 sampling times after ingestion
					× 2 sampling sites	
					=	
					576 effluent samples collected

The multi-canulated mini-pigs

  

	Ultra Low Heat powder	unheated milk ("raw" milk)	rennet gel	10 µm	pH 6.6
			rennet gel		pH 6.6
		heated milk			
					pH 4
			acid gel		
			stirred acid gel		pH 4

Gastric emptying half time 96 min 96 min 124 min 148 min 352 min ? min Milk proteins in the duodenum (ELISA)

  

	• Intense and early peak with milk
	• Lower and delayed with gels
	• Intermediate behaviour with stirred
	gel
	• Low concentrations with rennet gel
	but casein release tends to increase
	over time
	• Only traces of milk proteins
	found in the jejunum
	• Dairy products

remain highly digestible Casein β-lg

  

	Effect on absorption	Potential effect on satiety
		ghrelin (gastrointestinal hormone  appetite
		stimulation)
		.030

milk gelation: postprandial ghrelin concentration = satiety ? The liquid-gel transition

  

	Barbé et al. Food Chem
	2013
	Highly cited paper

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

  

	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))

Barbé et al. 2014 

Food Res Int

Identification of epitopes resistant to digestion by ELISA using specific Mabs

  

	-casein	1 1 1 1	16	35	54		73 92 105115 130 150	169
	-casein	1	19 39 56 75 93	113 132 150 166 178	209
			PPPP	P								
		1	16 35	55 75 95 114 132 151 170 190 207
			PPPP		PPPP			PP	P		
		1	19	37	55	74	92	111	128	148	166	184	199

minipigs (20 ± 1kg) 

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 

Technicians

Gwenaële HENRY Yann LE GOUAR Nathalie MONTHEAN

Engineers

Julien JARDIN Olivia MENARD Jordane OSSEMOND

2-3 Masters students

.093

Improving health properties of food by sharing our knowledge on the digestive process Minekus et al. 2014Food & Function, 5, 1113-1124 An updated version of the protocol published last week! 5-year Impact Factor=15,269

Some outputs

.099

Youtube chanel

Training schools

The consensus model can be learned with videos on YouTube

Release of a 341-page book on all the in vitro and ex vivo models to study the impact of food bioactives on health

OPEN ACCESS

* More than 620,000 chapter downloads * top 25% most downloaded eBooks in 2017

Some outputs

The International Conference on Food Digestion

The Conference has been created by INFOGEST and is now an event regularly followed by 200 scientists