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Infant formula manufacture

Does processing modify caseins digestibility in infant?

Dried milk 
proteins

2 
Heat-treatments at ≠ 
time x temperature

 Interactions between proteins and other constituents

 Neo-formed components (protein aggregates, Maillard 
compounds…)

1 
Solubilization 

at ≠ % DM

3 
Spray-drying

Infant 
formula+ Ingredients
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Step 1 : Dissolution in 
milliQ water 

25% DM 35% DM

Skimmed ultra-low-heat 
powder

ULH Milk ULH Milk
Step 2 : 

Heat

treatment

80°C/20 s 105°C/60 s

85°C / 3 min

80°C/20 s 105°C/60 s

85°C / 3 min

. .
.

. .
.

Objective

 Determine if heat treatment affects casein digestion

In vitro digestion

 Milk powders

Step 3 : 
Spray drying

T
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Milk powders

Infant gut Model

60 min
pH 3.0

+ pepsin
+ PC

Gastric 
phase

Duodenal 
phase

30 min
pH 6.5

+ trypsin
+ chymotrypsin

+ bile salts

Aliquots taken after 0, 1, 2, 5, 
10, 20, 40 and 60 min 

digestion

Aliquots taken after 0, 1, 2, 5, 
10, 15 and 30 min digestion 

Biochemical characterisation

Modification of the adult gut model (Eiwegger et al. 2006)

Dupont et al. 2009
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1. Characterisation of the rehydrated powders
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 heat-treatment at 105°C during 60s on 35% DM increases particle size

Particle size
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2. Characterisation of the digested samples by 
Western-blotting using αs1-, αs2-, β-, κ-casein 

specific antibodies
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25 kDa

6 kDa

30 kDa

60 kDa

10 kDa

110 kDa

Western-blotting

β-casein αs1-casein αs2-casein κ-casein

High Mw compounds detected by αs2- and κ-casein specific Pabs

Thermal-induced aggregates with β-lactoglobulin resistant to digestion ?
(high Mw compounds observed with β-lg specific antibodies)

T     E     G T     E     G T     E     G

T     E     G
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3. Characterisation of the digested samples by 
ELISA using αs1-, αs2- β-, and κ-casein 
specific monoclonal antibodies
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αs2-
casein

αs1-
casein

1691111 35 54 73 92    105115 130 15016

1 16 35 55 75 95 114 132 151 170 190 207

PPPP PPPP PPP

1 1991841661481281119274553719

κ-
casein

β-
casein

20919 39 56 75 93 113 132 150 166 1781

PPPP P

Identification of epitopes resistant to digestion by ELISA 
using specific Mabs

PPPP PPPP P

P

G    G G  G G  G
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Residual immunoreactivity of casein fragments

0

20

40

60

80

100

R
es

id
u

al
 i

m
m

u
n

o
re

ac
ti

vi
ty

 (
%

)

A B C E F G T

αs1-CN(f129-151) αs2-CN(f36-75) P

β-CN(f1-25) P

β-CN(f76-93)
β-CN(f133-150)κ-CN(f112-130) Gαs1-CN(f129-151) αs2-CN(f36-75) P

β-CN(f1-25) P

β-CN(f76-93)
β-CN(f133-150)κ-CN(f112-130) G

*0.03262T:%DM

**0.00555% DM

***0.00001T

Significancep valueFactor

*0.03262T:%DM

**0.00555% DM

***0.00001T

Significancep valueFactor

Highest resistance at 35% DM heated at 105°C /60s
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4. Kinetic of β-casein digestion using antibody 
microarrays
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Rabbit polyclonal
capturing antibody

Milk caseins

αs1-, as2-, ß- or κ-casein 
specific monoclonal 
antibodies

Fluorescent anti-IgG
conjugate

Glass 
Microarray

Functionalized 
spots

Rabbit polyclonal
capturing antibody

Milk caseins

αs1-, as2-, ß- or κ-casein 
specific monoclonal 
antibodies

Fluorescent anti-IgG
conjugate

Glass 
Microarray

Rabbit polyclonal
capturing antibody

Milk caseins

αs1-, as2-, ß- or κ-casein 
specific monoclonal 
antibodies

Fluorescent anti-IgG
conjugate

Glass 
Microarray

Functionalized 
spots

Principle of the technique 



D I E T                    

  A G R I C U L T U R E

  E N V I R O N N M E N T

1728 antigen-antibodies interactions studied simultaneously 
2-3 µl of sample
Softwares available for data integration

M
icroscope glass slide

Antibody arrays – an example of results 
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Kinetics of β-casein digestion

 Kinetics of β-casein digestion differ according to the area studied
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5. Characterisation of the digested samples by 
LC-MS-MS
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60                            70  80                             90    100
P F A Q T Q S L V Y P F P G P I P N S L P Q N I P P L T Q T P V V V P P F L Q P E V M G V S K V K E

110                            120 130                          140     150
A M A P K H K E M P F P K Y P V E P F T E S Q S L T L T D V E N L H L P L P L L Q S W M H Q P H Q P

160                           170  180                             190   200
L P P T V M F P P Q S V L S L S Q S K V L P V P Q K A V P Y P Q R D M P I Q A F L L Y Q E P V L G P

V R G P F P P I I V

10                            20  30                               40     50
R E L E E L N V P G E I V E S L S S S E E S I T R I N K K I E K F Q S E E Q Q Q T E D E L Q D K I H

β-casein peptides identified in T, E, G digested samples

Trypsin cuts Chymotrypsin cuts Theoretical pepsin cuts 
(Hamuro et al. 2008)
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Bioactive peptides detected

Peptide Bioactivity A B C E F G T

β-CN(f108-113) Anti-hypertensive     

β-CN(f114-119) Opioïd agonist  

β-CN(f193-202) Anti-hypertensive       

β-CN(f193-209) Immunomodulatory       

αs1-CN(f1-23) Antimicrobial   

αs1-CN(f23-34) Anti-hypertensive  

αs1-CN(f91-100) Anti-stress    

αs1-CN(144-149) Antioxidant   

β-lg(f9-14) Anti-hypertensive  
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Discussion / Conclusion

 Caseins partly resist to in vitro infant digestion model 

 Resistant area have been partly identified

 Heat treatment has a significant influence on casein immunoreactivity 
in digested samples (increase)

Why?

 Post-translational modifications and hydrophobicity could explain the 
resistance of these fragments to digestion

 Bioactive peptides profile can be modified by processing
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10 
nm

Casein micelle

MW = 0.5-1 x 106 kDa
av. diam = 180 nm

     β-lactoglobulin

MW = 18.6 kDa
2 SS bridges + 1 SH

     α-lactalbumin

MW = 14.2 kDa
4 SS bridges

To scale schematic representation of the major whey proteins and of 
the casein micelle in unheated milk

           κ Casein 

MW = 19.0 kDa
SS bridges

Guyomarc’h 
& Famelart

Thermal aggregation of whey proteins on the casein micelle
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Micelle-bound and serum aggregates are formed, containing denatured whey 
proteins, κ casein and possible traces of αs2 casein. [a] and [b] indicate the 2 
possible ways for the formation of the serum aggregates.

     denatured 

β-lg

    denatured α-la 

        κ casein

             α

s2 casein

micelle-bound

aggregates   

   dissociation of 
κ casein

[b]

[a]

serum aggregates 

10 
nm

a (Harwalkar et al., 1989)

Guyomarc’h & Famelart

Thermal aggregation of whey proteins on the casein micelle

b (Rodriguez del Angel & 
Dalgleish, 2006)
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Discussion / Conclusion

 Caseins partly resist to in vitro infant digestion model 

 Resistant area have been partly identified

Heat treatment has a significant influence on casein immunoreactivity in 
digested samples (increase)

Why?

 Post-translational modifications and hydrophobicity could explain the 
resistance of these fragments to digestion

 Bioactive peptides profile can be modified by processing

? Thermal aggregation of whey proteins on the casein micelle
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What’s next?

 Development of a more sophisticated in vitro digestion model including the flows 
and the pH variation in the stomach

 Comparison of in vitro data with those obtained on animal models (piglets)

 Validation of the gastric phase of the in vitro model towards human data (collection 
of gastric contents in pre-term neonates)

 Study of the influence of lipid-protein interactions on protein digestion 
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Improving infant formula for improving human life

Thanks for your kind attention !!!
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