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Milk Protei

ns

2 categories of milk proteins

Caseins (CN)

50-600 nm

Whey Proteins (WP) O

K-casein
Qg;-, Oy, B-, K- Caseins ) ‘
Cv‘nzc_y: s ( \ /
thfys
Calcium Phosphate omer. 8 ’
¢ Aspy  AsPe . ~
Glantz et al., 2010 a-lactalbumin B-lactoglobulin

(a-LA) (B-LG)

+ Autres (Immunoglobulin, Serum Albumin...)

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

Lactoferrin
(LF)
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Milk composition
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Chatterton et al., 2013

The CN:WP ratio and the WP composition have to be modified for the Infant milk
formulation (IMF) to mimic the human milk composition
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Industrial whey protein isolate : they’re few percents of caseins inside
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Industrial whey protein isolate : they’re few percents of caseins inside
Obijective : separation of all proteins

Normalized .
Concentration Whey proteins and standards

1.20 - RI signal
—Whey proteins
——a-lactalbumin

1.00 - b-lactoglobulin

h \ BSA

—Immunoglobulin

0.80 - a/b/k casein mix

0.60 -

0.40 -

/\/\ \\ S S N

0.00 +———=— N — T T T T f T ——
2

10 11 12 13 14 15 16 17 18 19 0
Time (min)

* The different whey proteins are identified but not very good separated by AsFIFFF
By HPLC it’s not possible to separate caseins from whey proteins
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1rst dimension : As-FIFFF and 2" dimension : RPLC
HPLC : Agilent and Thermo system ; As-FIFFF : Wyatt
1t Dimension
2D LC Valve
+
Column
guards
gl ' 5armpler T~ 1D As-FIFFF — -
Collector
\ +
Injector
2D Column
._

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

/

2hd Dimension Eq/
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1g8G Standards of Whey Proteins

2D RPHPLC (sec)
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slasleloaliodiz 13144154017 11gd19 21|22 123 |25 (28 427 .l28.
1D As-FIFFF (min)
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Whey proteins heated at high temperature
Relative scale RI/MALS/rg rg (nm) Eluent . SomM NaCI
1.00 4 c 1000
0.80 : Mass recovery : 44%
i - 100
0.60 - ’
0.40 f
E 10
020 - ; There are no big aggregate in
/ concentration
0.00 ‘ } \ 1
0 20 40 60 8 100
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Relative scale
1.20 -

1.00 -

0.80 -

0.60 -

0.40

0.20

0.00

Rl/MALS/ Rg Rg (nm)
— S
== RI
Rg
k M’\
0 10 20 30 40 50 60
Time (min)

Eluent : 50mM NaCl + 0.1% Novachem (detergent)

(Postnova system)

- 1000

- 100

- 10

Mass recovery of 92% :
No membrane : less interaction
1 Detergent in the eluent
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Relative scale Rl/MALS/ Rg

Eluent : 50mM NaCl + 0.1% Novachem (detergent)

Rg (nm)
- 1000
LS : 1: Objets less dense and big in the void peak :
RI I whey proteins non aggregated

Rg - 100

- 10

Mass recovery of 92% :
No membrane : less interaction

0.00

Mass fractions

10 , 20

51%

30 40 50
Time (min)

M/‘\

1 Detergent in the eluent
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Eluent : 50mM NaCl + 0.1% Novachem (detergent)

Relative scale RI/MALS/ Rg Rg (nm)
120 B : IIIIIII : : IIIIIIIIIIIIIIIIIIIIIIIIIIIIII E - 1000
u 1 s " 2 - [
1.00 ~ 1: Objets less dense and big in the void peak
2: Rg from 25 to 850nm
0.80 - 100
0.60 -
0.40 - - 10
020 1 Mass recovery of 92% :
No membrane : less interaction

0.00 ‘ 1 Detergent in the eluent

0 10 20 30 40 50 60

, ‘ Time (min) ,

D
Mass fractions 51% 23%
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Eluent : 50mM NaCl + 0.1% Novachem (detergent)
Relative scale RI/MALS/ Rg Rg (nm)
1207 IIIIIII : :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE ........................ 1000
1 :: 2 3
1.00 - : : 1: Objets less dense and big in the void peak
s i : 2: Rg from 25 to 850nm
0.80 - . . " . F 100
: : : 3: More than 1um : MALS can’t calculate the size
0.60 - . .
. : Fraction collection to do batch DLS
0.40 - = 10
0207 x ¥ Mass recovery of 92% :
Pl :: No membrane : less interaction
0.00 = ‘ .. 1 Detergent in the eluent
0 10 20 30 0 50 60
, ‘ Time (min) , 1 '

Mass fractions

51%

D
23% 26%
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.01 01 1 10 100
Radius (nm)
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1000

1 Mean Rh: 68 nm
Between 10 nm to 200 nm

2 Mean Rh : 219 nm
Between 45 nmto 1,2um

3 Mean Rh : 692 nm
Between 100 nm to 4,5um

——

10000 100000



Conclusion and outlook

e ]7st study : casein-WP pasteurized structures are different in function of
the WP composition 1n 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 + a—-lac form smaller structures with WP
aggregates 1nside the micelles at 80°C

Digestibility of this structures? Scale-up for formulation and
pasteurization : Stuctural difference?
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Conclusion and outlook

e 17t study : casein-WP pasteurized structures are different in function of
the WP composition 1n IMF and heat temperature

— Addition of lactoferrin i1in IMF destabilize the casein micelles

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

— Addition of Lactoferin + a—-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?

e 27d gstudy : 2D-AsSF1FFF-RPHPLC can separate all proteins of WP and casein
mix

Quantitative experiment with calibration curve and

mix study
—_—

e 3rd gstudy : Centrifugal-FFF allow to have a better mass «r
denatured WP
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Annexes

IMFs Heat treatment  Elution time ranges M., Rg Ry, Shape  df,,,
parameters (min) (108 g.molY)  (nm) (nm) factors

Unheated 20-28 6.4 138 96 1.4 3.0
Control 67.5°C 22-28 5.8 121 80 1.5 2.6
80°C 22-28 6.8 126 82 1.5 2.7
Unheated 20-28 4.7 123 21 1.4 2.6
LF* 67.5°C 20-28 6.0 128 85 1.5 2.8
80°C 20-28 7.3 157 87 1.8 2.3
Unheated 20-28 4.7 142 91 1.6 2.5
LF* a-LA* 67.5°C 20-28 6.0 153 82 1.9 2.7
80°C 20-28 6.2 123 78 1.6 2.9




