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Infant food and digestion
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Infant food production

Human milk : a secretory fluid
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A very complex biological and evolving fluid
...that can undergo some heat treatment

(Keenan et al. J, 2001)

Infant formula : a transformed food

Wet mixing-spray drying process

Ingredients Skim
(lactose, whey protein milk
concentrate, vitamins, .

minerals, ...) {4,.

LA

1. wet-blending

2. pasteurization/ *
sterilization

> 10 technological

3. concentration by steps
evaporation *

4. Fat addition | >30 ingredients

5. Pasteurization /
sterilization

- Protein
structure

|6. Homogenization _I

|7. Spray-drying |

|8. Packing in Big bag | - Fat structure

|9. Quality control |

|10. Packaging in cans |
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Infant food composition and structure

Composmon — Structure

Proteins
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The developing digestive system of the infant

Oral phase t
» Limited oral phase 2 -j..'
* Preterm: frequent undeveloped reflex — A% \

of suckling and swallowing and need of

enteral nutrition .
Intestinal phase

= Immature secretion of human
pancreatic lipase (HPL)

= Low concentration of bile-salts
= Relatively high pH (3.2 - 6.5) = Mature secretion of trypsin, immature

= Mature secretion of human gastric lipase i secretion of chymotrypsin and
(HGL) d , carboxypeptidase B

Gastric phase

* Immature secretion of pepsin and
limited proteolysis |

l

A key step for infant digestion

- Immature digestive tract
= Immature Immune system
- Microbiota in construction
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Human milk: impact of pasteurization or
homogenization on digestion in the preterm infant

CHU e : .
cormes [ ] = Preterm hospitalized babies = fed by a nasogastric tube
©T. Pasquet

ClinicalTrials gov Pasteurization impact (n= 12) Homogenization impact (n = 8)

NCT02112331

2014 - 2016 Own mother’s milk Donor pasteurized milk
9N A . .
< Rawmilk 5% pasteurized milk £ Pasteurized 2. Homogenized milk

Milk bank

Pasteurization Homogenization
62°, 30 min

ultrasound)

7 (
% > 595 W
o

Experimental design
* Cross-over design : 2 test meals per day for 6 days
e 2 gastric sampling for each feeding :
e Before meal administration
e 35, 60 ou 90 minutes after meal ingestion
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Pasteurization affected the structure and
the emulsion disintegration

Before digestion During gastric digestion
Raw Pasteurized

©T. Pasquet

Raw

Pasteurized
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But pasteurization did not impact the gastric lipolysis at the preterm stage

— CAM:JS: STLOpen Days De Ollvelra S' et al.' The American Journal o
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Pasteurization impacted the gastric proteolysis

w Gastric phase

—©— Raw 1 1 i ; i
--A--- Pasteurized PrOteInS PEPtldes Raw milk Pasteurised milk
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Selective impact on proteolysis

_ o ) = Influence of plasmin and pepsin
Lactoferrin = nutritional impact?

Intestinal phase

Lactoferrin — end of intestinal digestion

-> no impact on the bioaccessibility .
of most amino acids @

o -

0 2 4

- ! J
TTTUTTTTTTTTITT T T I T I I TITTITITT
25 100 200 300 400 500 600

= /\\
IN?A  campus | o De Oliveira S. et al
e \\ ouesT | STLOpen Days ) .’ @ The American Journal of
== SCOENCE&IMPACT S/ 19-21 March 2019 2017’ AJCN CLINICAL NUTRITIO!




W™  Homogenization impacted the structure

Sphingomyéline/ Phospholipides (n = 5)
cholest‘érol .
Human milk Pasteurised Homogenized
7 ym
6 T .
5 - Pasteurized Triglycerides
Sa T
£3 |
S Homogenized
22 4 Submicronic droplet with
(>3 1 - neoformed interface
0 -
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Aggrégats Protéines =
thermo-indui sériques 60 min
.. Fragments de
G(Caszme)s membrane
%, b, K = 4-10 nm
(e= 50-300 nm) /('& )

0.5 um (0.1-1 um)
Iy . o . |
Specific surface area x 6 in homogenized milk o

Proteins

Amphiphiles

- Persistance of structural characteristic during

gastric digestion

- Strong destabilization of the emulsion since

35 min

- Different types of aggregates
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Homogenization impacted the gastric lipolysis

v Instant lipolysis
) +» Faster and greater lipolysis
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Infant formulas: can we create lipid structures
biomimetic on the native fat globule?

Formula T1 Formula T2 Formula T3

Interface 100 % Proteins Interface proteins + MFGM Interface proteins + MFGM
100% vegetable oil 100% vegetable oil 40% vegetable oil + 60% milk fat

Sphingomyéline

Phospholipid
/cholestérol ospholipides

Bourlieu & Michalski, 2015

Triglycerides

e
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Can the composition of infant formula modulate the
physiological response of the neonate?

M veg

M Veg + MFGM +

i Dairy Fat + MFGM . . Mother-fed piglets
Automatic meal delivery (10 meals/ day) (MF = + control)
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Rehydration at 20%

\\ Slaughtering

after
Mesenteric Lymph Nodes (MLN) Collect of effluents and

tissues 7 days

|

Effluents:
SDSPAGE 28 days
-Elisa

Tissues: (90 min postprandial)

-Morphometry ' <y
-Enzyme Activities

-Intestinal Permeability lleum

-Local immune response Proximal ~ Median

-Microbiota ciynum
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The most biomimetic infant formula exerted a greater protein

resistance
Casein B-lactoglobulin
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=» Modification of the interface and of the susceptibility to proteolysis e fl ":;' e
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The most biomimetic infant formula induced a more
physiological maturation of the immune system

Interferon-y (Th1 pro-inflammatory) “ Veg
M Veg + MFGM

i Dairy Fat + MFGM

1600 b / W Piglet SM
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£ 800 | \
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Interleukine-10 (Th2 anti-inflammatory) : no significant difference

Milk lipids =» maturation of the piglet’s immune system (Th1)

more similar to that with sow’s milk Le Huerou et al.

Eur J Nutr 2018
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The infant formulas impacted differently the fecal microbiota

D28
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Bacteroidetes

Actinobacteria
Firmicutes
Protecbacteria
Klebsiella

Parabacteroides

Escherichia/Shigella

The composition/structure of the infant formula
« orientates » the microbiota

More Proteobacteria and less Firmicutes with dairy lipids

-> Similar to those observed in breast-fed infants vs. formula-fed infants (Donovan et al.,
2012)

STL0pen Days Bourlieu et al. Eur J Lipid Sci Technol 2016
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CONCLUSION

“\

{ ,{ ' Raw milk
Modulation of digestive kinetics

for proteins or lipids
Physiological impact?

m’;’fy Pasteurized — Structure

: Jj Homogenized milk

—

Protein digestive resistance

U - Structure. === |mmune system maturation

of the fat droplets

< Protein structure in infant formula and
nutritional impact ?

Infant
formula
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