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2 categories of milk proteins

Tolkach et al., 2007; Kulozik et al., 2011; Vogel, 2012

Whey Proteins (WP)

Autres (Immunoglobulin, Serum Albumin… )

α-lactalbumin
(α-LA)

β-lactoglobulin
(β-LG)

Lactoferrin
(LF)

Calcium Phosphate

κ-casein

αS1-, αS2-, β-, κ- caseins

Glantz et al., 2010

Caseins (CN)

50-600 nm
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Milk composition 15

The CN:WP ratio and the WP composition have to be modified for the Infant milk 
formulation (IMF) to mimic the human milk composition

1

Chatterton et al., 2013
0

5

10

15

20

25

30

35

40

g 
o

f 
p

ro
te

in
s

/L

LF

Caseins

β-lactoglobulin

α-lactalbumin

Lactoferrin

Others

Whey proteins

Caseins

60%

40%

60%

40%

20%

80%



Infant milk formulations IMFs, their heat 
treatment and their characterization 16

Control IMF 
CN:WP 40:60

Without modification 
of the proportion of 

the bovine milk whey 
proteins

LF+ IMF 
CN:WP 40:60

LF quantity closes 
to that of human 

milk

3 Infant Milk Formulation IMFs

LF+ ALA+ IMF 
CN:WP 40:60
LF and α-LA 

quantities close to 
those of human milk

2



Infant milk formulations IMFs, their heat 
treatment and their characterization 17

Control IMF 
CN:WP 40:60

Without modification 
of the proportion of 

the bovine milk whey 
proteins

LF+ IMF 
CN:WP 40:60

LF quantity closes 
to that of human 

milk

3 Infant Milk Formulation IMFs

LF+ ALA+ IMF 
CN:WP 40:60
LF and α-LA 

quantities close to 
those of human milk

2

Heat TreatmentModel IMFs

Transmission Electronic 
Microscopy

AsFlFFF-MALS-QELS-RI

67.5°C

80°C
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Industrial whey protein isolate : they’re few percents of caseins inside
Objective : separation of all proteins
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• The different whey proteins are identified but not very good separated by AsFlFFF
• By HPLC it’s not possible to separate caseins from whey proteins

Industrial whey protein isolate : they’re few percents of caseins inside
Objective : separation of all proteins
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1rst dimension : As-FlFFF and 2nd dimension : RPLC
HPLC : Agilent and Thermo system ; As-FlFFF : Wyatt

The sample is collected at the end of As-FlFFF in a column-guard and injected again online in 
the column every 80 seconds

2

2nd Dimension

1rst Dimension

1D Pump 1D Sampler 1D As-FlFFF
1D UV Detector

2D Pump

2D UV Detector

2D Column

2D LC Valve
+

Column
guards

=
Collector

+
Injector
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(Postnova system)
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1 Mean Rh: 68 nm
Between 10 nm to 200 nm

2 Mean Rh : 219 nm
Between 45 nm to 1,2µm

3 Mean Rh : 692 nm
Between 100 nm to 4,5µm
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Conclusion and outlook

• 1rst study : casein-WP pasteurized structures are different in function of
the WP composition in IMF and heat temperature :

- Addition of lactoferrin in IMF destabilize the casein micelles

- Addition of Lactoferrin form sturctures with ams around the micelle
after heat treatment at 80°C

- Addition of Lactoferrin + α-lac form smaller structures with WP
aggregates inside the micelles at 80°C

Digestibility of this structures? Scale-up for formulation and
pasteurization : Stuctural difference?
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• 2nd study : 2D-AsFlFFF-RPHPLC can separate all proteins of WP and casein
mix

Quantitative experiment with calibration curve and industrial
mix study

• 3rd study : Centrifugal-FFF allow to have a better mass recovery for
denatured WP
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