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CONTEXT

* Infant formula is the main source of nutrition for infants who cannot be breastfed = =
% bottle-fed (2o,
D) Je. Ag’ \ * Importance of protein nutritional quality:
Yo, tLﬁ ) ) g
6% %0 Inf imal growth ey 5
I LI o Intant optimal growt (Michaelsen & Greer, 2014) .( E {
40 : , , : T s
> Age o Essential amino acid profile and protein digestibility (Friedman, 1996)
0 1 3 (months)
(Cohorte Elfe, 2011; Epifane, 2012-2013) . (FAO, 2013)
Age Group His lle Leu Lys SAA AAA Thr Trp val
* Growing interest in plant proteins scoring pattern mglg protein requirement
. . . < Infant (birth to & months)' 21 55 96 69 33 94 44 17 b
O Eth|ca|; health; SUStalnabl“tV Child (6 months to 3 year)? 20 32 66 57 27 52 31 85 43
(Baroni et al., 2018; Ferrara et al., 2017) Older child, adolescent, adult® 16 30 61 48 23 11 25 6.6 40
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OBJECTIVE

Standard 15t age infant formula New 15t age infant formulas
/[\\ ] Skimmed
Caseln _ Cow milk
1.1-1.8% Protein }------"""""", Whey F +
4-9.5% Lact rotein Whey protein :
>4-3.5% actose : ypP ||» Plant proteins
concentrate
2.6-4.0% Fat
Micronutrient
0.01 %
85-90% .
Water Research question:
How protein sources influence the functional properties

_ J
60-70 kcal / 100 ml

(UE, 2016)

and the digestibility of infant formulas ?

o |

=—._|NQA caMPUS @ DAIRY INTERNATIONAL ¢ (
= SCIENCE & IMPACT .



ST RATEGY 1. Selection of new protein sources

Whey Pea Faba bean Rice Potato

Whey protein Pisum sativum Vicia faba Oriza sativa L. Solanum tuberosum

—~

2

Pilot scale Semi-industrial scale

¥

3. Digestion of new infant formula

-

In vitro static In vitro dynamic
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PILOT SCALE MANUFACTU RING
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INFANT FORMULA

Rice infant formula

O

~ ] RICE POTATO

SCALE-UP

Evaporation cdpac:ty
5kg/hi s
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ahom o o s i SEMI-INDUSTRIAL SCALE

" MANUFACTURING
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() Microscopy q . .
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[ o Proteins * Bigger particles in plant based IF
LCE M Lipids
e * Lactose crystal are observed at high dry
12 1 12 + 12 1
07 I 0T 101 Reference IF matter
N i 1 °1 Pea IF
E 6 T R g 6 1 6 + a q 0
s L1 i N N Faba bean IF * Particle size 4, thanks to process
24 f N 2 1 24
v
0 T A 0 0
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DM: dry matter
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CONFORMITY OF INFANT FORMULA

* Functional properties * Nutritional properties

Identical composition of infant formulas
EUROPEAN REGULATION

REGLEMENT DELEGUE (UE) 2016/127 DE LA COMMISSION
du 25 septembre 2015

complétant le réglement (UE) n° 609/2013 du Parlement européen et du Conseil en ce qui

concerne les exigences spécifiques en matiere de composition et d'information applicables aux

préparations pour nourrissons ef aux préparations de suite et les exigences portant sur les
informations relatives a I'alimentation des nourrissons et des enfants en bas age

Soluble powders
P a,, around 0.2 Low Free fat e 20t
' lle Leu
Thr
4
ESSENTIAL g \\
AMINO ‘ /\
Met  ACIDS " ,
: His Q" —
Preventing from phenomena as Phe Lys

caking, browning, lipid oxidation...




IMMATURITY OF NEWBORN DIGESTIVE SYSTEM

Mouth

* Limited oral capacity

Stomach

* Relatively high pH (3.2 - 6.5)
* Mature secretion of human gastric lipase
(HGL)

* Immature secretion of pepsin and
limited proteolysis

Intestine

Immature secretion of human
pancreatic lipase (HPL)

Mature secretion of trypsin but
immature secretion of chymotrypsin
and carboxypeptidase B

This digestive immaturity has to be taken into account to
apply relevant in vitro digestion models

(Shani-Levi et al. 2016; Bourlieu et al., 2014)
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Reference IF Pea IF Faba bean IF Rice IF Potato IF IN VITRO STATIC E
» DIGESTIO &

Infant Formula n=3
1.6 % proteins 13 % dry matter W

v

Gastric phase

120 min pH 5.3 37°C
Pepsin (no gastric lipase)

I
+ Pepstatine :

inhibitor
+ Pefabloc
Inhibitor
= ¥ * =
K} Samples collection )
\ over time ]
! In vitro static model
PROTEOLYSIS : Iiénard et al. 2015)
. o . tal.
IF: infant formula Free amino groups and Free amino acids enardera
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) . S IN VITRO STATIC 2
Kinetics of proteolysis during intestinal digestion | D | G EST' O N ‘E

60

a ° | pealF * Proteolysis is very limited at
‘_‘ . .
50 e . the beginning (<2%)

| | / Reference IF
a
abc | Faba bean IF ¢ A plateau is reached at 60 min

j of intestinal digestion except

b T .
b ’ | Rice IF for the Reference IF

'iI Potato IF

'S
o

* Pea IF, Reference IF and Faba
bean IF have higher
proteolysis than Rice IF and
Potato IF (p<0.05)

Protein hydrolysis (%)

N
o

e N d

10

ab
ccc
0
01 5 60 120

Intestinal digestion time (min)

IF: infant formula (Darrouzet-Nardi, Ladd, & Weintraub, 2013)
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Bioaccessibility of amino acids at the end of the digestion

100
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Free essential amino acid compared to total amino acid (%)
o

o

IF: infant formula
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m Reference IF
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70 M Rice IF
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b ab ab
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d b p
d c
he Thr

IN VITRO STATIC [

ab
b
C [ ]
d a

bb 3

c

Id
Tyr Val

DIGESTION i

Bioaccessibility is higher for Pea IF,
Reference IF and Faba bean IF
compared to Rice IF and Potato IF
(p<0.05)

Pea IF and Faba bean IF similar to
the Reference IF 2 Good candidates

Rice IF and in particular Potato IF are

less digestible = Antinutritional
factor (trypsin inhibitor)

(Moore, Spackman, & Stein, 1958)
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Reference IF Pea IF Faba bean IF IN VITRO DYNAM IC
> Infant formula n=3 DlGESTlON

13 % dry matter and 1.6 % proteins

J ],; ™ -~ P e —— P
! :
:

DIDGI®

Stomach
t1/2 =78 min; B6=1.2
pH =-0.0155 * time + pH meal
+ Pepsin (no gastric lipase)

el +Pepstatine

\ \ , inhibitor

">_' 180 min ~.

looifoeN
+ Pefaloc . .
inhibitor In vitro dynamic model
3 v — (Ménard et al. 2014)

(} Samples collection K} 1
J

over time ] o )
Validated from in vivo studies

Y
* PROTEOLYSIS: Free amino groups and Free amino acids (%)
* Microstructure analysis
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e H5S GASTRIC

REFERENCE IF
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120 min (gastric) INTESTINAL

pH=4.9

REFERENCE IF —
10 @ 120 min Gastric

8

=]

Volume (%)
=y

REFERENCE IF

o

0,01 0,1 1 10 100 1000 10000
Particule size (um)

10
PEA IF @ 120 min Gastric

PEA IF
Volume (%)

0,01 0,1 1 10 100 1000 10000
Particule size (um)

FABA BEAN IF @ 120 min Gastric

Confocal microscopy
X100 zoom1

B Proteins

B Lipids

B Amphiphilic

Volume (%)

FABA BEAN IF

IF: infantformu/a 0,01 0,1 1 10 100 1000 10000
Particule size (um)
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pH=4.9

120 min (gastric ) INTESTINAL
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IN VITRO DYNAMIC

Bioaccessibility of amino acids at the end of the digestion D | G ESTI O N

100

90

M Reference IF
80
M Pea IF

70 Bioaccessibility is higer for

&0 M Faba bean IF the Reference IF and Pea IF
50
40 ad a
3
2
da ad a
| Ili I I “ I

o

o

o

a compared to Faba bean IF
b b for some amino acids
ad
I' :

IF: infant formula (Moore, Spackman, & Stein, 1958)

Free essential amino acid compared to total amino acid (%)
o
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CONCLUSION

* Producing plant protein based infant formulas \)

PROCESS

* Proteolysis using in vitro STATIC digestion model
- Pea IF and Faba bean IF = Reference IF

- Rice IF and Potato IF < Reference IF @

* Microstructure using in vitro DYNAMIC digestion model

* Bioaccessibility of EAA using in vitro DYNAMIC digestion model
- Reference IF “Pea IF® Faba bean IF = Comparable digestibility




PERSPECTIVES

* In vivo studies = Allergenicity, microbiota, proteins absorption

| & t IN VITRO

In vitro static

IN VIVO

* Functional improvement - Dispersion of plant proteins

> - - |
| 2
| 3 A
PROCESS e, " gt S
S ey -
s EEs. ik

* Evidence of conformity regarding the European regulation 2016/127

e B

REGULATION
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