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context

"Ageing leads to changes in the functionality of the digestive tract’

But the impact of ageing on digestion, and absorption of nutrients
Is still unclear
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1. Exhaustive literature review

Oro-gastrointestinal tract physiological parameters

Healthy older adults < 65 .

In vivo data

“ 2. Consensus static in vitro digestion model
‘, Adaptation of the INFOGEST 2.0 digestion method

Brodkorb et al. INFOGEST static in vitro simulation of gastrointestinal food
digestion. Nat Protoc 14, 991-1014 (2019)

%,

H . 75‘ 48
EAT4AGE consortium & International workshop ‘. ICFD 2022
. X ._5:,:7 CORK 3-5 MAY 2022
WP 3: In vitro digestibility and nutrient bioaccessibility of age-tailored 5’ e
food products
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Similar to
young adults

Oral phase

A
'
/ L ng L

lonic composition of saliva

Very poorly documented, data available only for at-rest saliva

Salivary amylase activity
Data are scarce, and not easy to compare when determined with different assays

pH
1 study measured a slight increase (up to pH 8), 3 others no significant differences

Food/saliva ratio
2 robust studies about insalivation rates for different food matrices
Ratio of 1: 1 (weight of SSF or saliva added : dry weight of food) is more physiologically relevant

-

°o° - J &> O

Food bolus particle size
Adapt their oral processing (increased number of chewing cycles) to reach same particles size
Need for a robust, simple, reproducible protocol to grind the food

Duration

Longer only for older adults equipped with a denture
. J
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< Oral phase
v
+ +
18 65

Young adults O Older adults Q
SSF composition See Brodkorb et al., (2019) Same
Food:SSF dilution 1.1 1:1 (volume or according to DM)
pH 7.0 7.0
Duration 2 min 2 min
Chewing protocol See Brodkorb et al., (2019) Meat mincer, then add SSF or saliva
Amylase 75 U ml*(using the DNS assay) Same

8 Manual, 5 cm mincing disk,
/i 0,5 cm mesh size, one pass
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r’ Gastric phase

lonic composition of gastric secretions
No information, research extended to animal models

Gastric enzymes activities
Marked lack of knowledge in the postprandial state in older adult populations

Pepsin: reduced by 40% (basal & pentagastrin-stimulated pepsin output, n = 22)
Feldman et al. Effects of ageing and gastritis on gastric acid and pepsin secretion in humans: a prospective study. Gastroenterology, 110 (4), 1043-1052 (1996)

Gastric lipase: decline with age of activity (gastric mucosal biopsies, n = 22)
Moreau et al. Human gastric lipase: variations induced by gastrointestinal hormones and by pathology. Scand. J. Gastroenterol. 23 (9), 1044-1048 (1988)

pH
Gastric pH curve in fasted and fed conditions followed w/ the Heidelberg capsule technique (n=79, £71y.), significant
increase in gastric pH with ade. Russel et al. Upper Gastrointestinal pH in 79 healthy, elderly, north American men and women. Pharm. Research, 10 (2) (1993)

In static model: consider the pH at gastric emptying half-time (t,,.)

Bolus/gastric secretions ratio
No specific data were found, following curve from Russel et al.: 50/50 dilution is calculated at t, ,,

Duration
Still controversial, but several studies have shown that gastric emptying slows down with age: increases by 34 - 46%
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" Gastric phase

-+
(18)

Young adults
SGF composition See Brodkorb et al, (2019)
Bolus:SGF dilution 11

Older adults @

Same

11
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Intestinal phase

Lit. review
lonic composition of intestinal secretions

. . . . . , . 247
No precise information, but 1 study shows an increase in Ca concentration with age: [Ca”"] = 0.01 x age + 0.35
Laugier et al. Changes in pancreatic exocrine secretion with age: pancreatic exocrine secretion does decrease in the elderly, Digestion, 50(3-4), 202-211 (1991)

Pancreatic enzymes activities
Some studies showed no difference, but general trends indicate a decrease in activity/output of enzymes of 13 to 35%

Pancreatic amylase: More data are available compared to the other pancreatic enzymes
Trypsin: Two studies showed opposite results

Chymotrypsin: No dif. or decrease in chymotrypsin output with ageing

Pancreatic lipase: Reported results highly controversial

Bile salts content
Limited data, decrease in bile acid synthesis

Chyme/intestinal secretions ratio
Extremely difficult to assess, if we consider pancreatic exocrine secretions data are controversial: some saw a reduced

volume of secretions, others no significant changes (n = 1615).
Dreiling et al. The effect of age on human exocrine pancreatic secretion. The Mount Sinai journal of Medicine, 52(5) (1985)

Duration

Not often monitored, if we consider whole gut transit time: no significant change in a recent study (n=111).
Nandhra et al. Normative values for region-specific colonic and gastrointestinal transit times [.] Neurogastroenterology & Motility, 32(2) (2020)
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Intestinal phase

Young adults

@ Older adults @

Chyme:SIF dilution

pH
Duration

11
/.0
2 h

11
/.0
2h
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M) Check for updates

‘Cite this: Food Funct, 2023, 14,
4559

™ RovAL SOCIETY
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View Article Online

View Journal | View issue

Static in vitro digestion model adapted to the
general older adult population: an INFOGEST
international consensus
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8 High-protein dairy products digestion

Skyr = commercial fermented dairy product containing mainly caseins (10% w/w)

Protein hydrolysis, gastric phase Leucine release, intestinal phase
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0 30 60 90 120 150 180 End of digestion

Digestion time (min)

No difference in DH at the end of the digestion: 75-85% in both conditions
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Implementation

Does age have an impact on food digestion?
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FOO d & P ROYAL SOCIETY In vitro digestion of p_rc?tein-rich dairy products

adapted to the specific needs of older adults

Fu n ct i 0‘ n “ O I: c H EM I ST RY &gl Lavoisier Martine MorzeL Jordane Ossemond, Gwenaglle Henry, Didier Dupont

INRAE, Science & Technalogy of Milk and £gg products (UMR STLO), Rennes < France
Introduction Materials & Methods
For older adults ( » 65y insufficient energy and protein intaks High-protein cream cheese
ﬁ can lead 1o sarcopenia. characterized by the loss of muscle + 245 w/w Of proteins, and 20% wi/w of ipids
PAP ER mass. sTengih. and function - WE-20 - formulated with a ratio of whey proteins (WP
To avaid this condition, healthy clder adulis nesd to consume to caseins (CAS) of 20 to 80% (- milky
a nutrient-dense foods and increase the amount of high-quality - WP-80 = formulated with a ratio WPICAS of 8020
proteins in their diet (at least 1g protein/kg body weight/day. o B
ﬁ Milk proieins are interesting to promote muscle health, and Static i witro digestion
particularly whey proteins which are rich in leucine. Oral phase
’ -t d - t- f t t - - h d - &5 fooeh: S5F ilution accorcing b oy atter .
- Ageing leads to changes in the functionality of the digestive BH < 70, 10 eheraing, r anylase
M) Check for updates n vitro aigestion or two protein-ric alry ‘ S e e e s e o IFOGEST
1 absorption of nutrients is still unclear ]

a - - - oH: EL A a7
products in the ageing gastrointestinal tracty Objective > (SRS
Cite this: Food Funct., 2023, 14, 9377 Investigate the impact of age on the digestion ol el *
. L. . . . . . . (proteolysis & lipolysis) of high-protein cream cheese (= ) & LR
Anais Lavmmer,@* Martine Morzel, Severine Chevalier, Gwénaéle Henry, samples in different static in vitroconditions. @ i Bume A B
Julien Jardin, Marielle Harel-Oger, Gilles Garric and Didier Dupont@ Results
Degres of protein hydrolysis (DH-P) Degree of Lipid hydrolysis (DH-L)
wpeo wpzo = vounz = old in WP-20, lipid digestion started
a0 :Y:::r?m nndmg::dp( ".T: une -38% :ﬂm;::;:tm far young
30 | phases Then different kinetics of lipid

o A% | guec
+ . p«;mrymmu o hdolyss  wee  oberved
pepsin concentration ‘according ta the age condition
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l l Time min) pigestion time (min)
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OH-A um
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[ eI e Er i
b § 1 e o i the gastric phase and
1 . H _ | -20% 2 S
different scenarios depending on the : 4 ] ix T
& 2 P z ®
% +
p g [ - gestric phase 5 i: e ] O - o e
_“%. 2 ‘;- 3 .
; : g o prtiestoty resivtant o W1
. . e m mmmmmm e e e e ke .i g
m tion & struct fthe d FAT o ““"”"
composition &« structure o e dalry Conctusions
- Agehad a significant impact ion of high-protsi mples, however this effect depended on the ratio of caseins to WP in the product.
' - At the end of the digestion. the hydrolysis of proteins was reduced in both samples in digestive conditions relevant b the physioiogy of older adults. but lipid
ro | lCtS St' l Ie hydmlysswashlghe(mmewp-nchsamplelwp-ﬂmmamnlheasemnd‘\sa'np\etwﬂ-am.
« Essential fo carsfully consider andthe ility of dairy pr specific needs of the older adult population.

Scknanvissgments Ths wulk wes e by the EATOAGE profec st ecei Funding from the French Netional Research Agency (AHR), ureder the umbeella of the European Joint
Prcparnriy wiiniva Holiny St ora ek Lo LPY DR o o e A tond R T, (o S o b 2 oo b e anc Inncradian Frograenme).

For further information, please see atso:

Lavoisier, A et al. Food & Funct. 2023 14. 9377-9390
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Perspectives

Other applications
T stspsonstscan s BB

Gastric in vitro semi-dynamic digestion model of adult vs older adults

C' aRasc Shannon Gwala®, Anais Lavoisier?, Martine Morzel?, Didier Dupont®, André Brodkorb®

TEAGASC Food Research Centre, Moorepark Fermoy, Ireland; “INRAE, UMR STLO, Institut Agro, France 4

o =
Fermented lentils and quinoa, whole and flours T Y e o,

) ¥ G
Sanchez-Garcia et al. Protein digestibility and ACE inhibitory activity of ; >
fermented flours in older adults and standard gastrointestinal simulation. A e

FRI, 180, 114080 (2024)

mey based yoghurt! [WBT)

sipicts, respectively.

=% sie excluzion

B —
[ i

@ Results & Discussion

Sanchez-Garcia et al. In vitro digestion assessment (standard vs. Older
e

adult model) on antioxidant properties and mineral bioaccessibility of R e
fermented dried lentils and quinoa. Molecules, 28(21), 7298 (2023) T el o otk

e L
\_/ ) ‘/ (/ - Toestablish differences in protein deconstruction
x due to application of an older adult parameters

gy © Cooked lentils ToTm—
» © Q y . . L o . I
v %D » Duijsens et al. From static to semi-dynamic in vitro digestion conditions Key message

. e relevant for the older population: starch and protein digestion of cooked e o e gy
| lentils. Food Funct. 15, 591-607 (2024) R

conditions:
- proteolysis of both high protein

yoghurt is siower for alder adults.

Proteins of 10 - 30 kDa in the whey
based yoghurt are partially resistant to
gastric digestion.

Partidle size is nevertheless reduced in
the whey based yoghurt.

Point towards the need of a standardised

Semi-dynamic & dynamic models |
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EAT4age
Palatable, nutritious and digestible foods for prevention
of undernutrition in active aging
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