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Background
Milk;

v" Most important food for daily diet; balanced protein;
carbohydrate, lipid and mineral content

v Dairy consumption during years changing

semi-skimmed milks
skimmed milks
flavored milks
low-lactose milks
lactose-free milks
protein fortified milks
follow-on milks

o whole milks \
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years

Background

UHT processing-Maillard reaction

v' increase the shelf-life; UHT processing (130-150°C)

inactivation of bacteria
and enzymes, > 6 months

m:hemical changes \

(Maillard reaction)

e color & taste

* nutritional loss

* formation of possible

harmful compounds
N /
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Background

reducing sugar
* lactose

* glucose

e galactose

lysine

Amadori product
(lactulosyllysine)

heating

hacettepe.edu.tr

Maillard Reaction

indication of lysine blockage

a-dicarbonyl compounds
e galactosone
* glucosone
e 3-deoxyglucosone
* methylglyoxal
e glyoxal

highly reactive compounds
react'with DNA and tissue
proteins in the body

related with various chronic-
degenerative diseases in humans
diabetes-mellitus, Alzheimer’s
disease and atherosclerosis in
humans

AGEs
e carboxyethyllysine, CEL
e carboxymethyllysine, CML
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Objective
o Lactose hydrolysis (yields 2 fold reactive reducing sugar)
o Protein fortification
o Follow-on milks (higher sugar content, fortification with honey or syrups)

does compositional differences affect the MR

products in UHT milks aiming to see in different UHT milks
@) o..content of dicarbonyl compounds
o content of AGEs

o lysine blockage

Experimental

different UHT milks freeze drying
collected from local market

y Analysis by Triple Quadrupole LC-MS/MS
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Results

Dicarbonyl compounds
v 3-DG and 3-Dgal; the dominant dicarbonyl compounds in all milks

v’ Lactose-hydrolyzed milks; highest amounts of a-dicarbonyl compounds
v" infant follow-on milks; great variation in 3-DG (3-DG content of sugar syrup or honey)

dicarbonyl UHT milk Lactose-hydrolyzed Protein fortified UHT milk Lactose-hydrolyzed Infant UHT milk

compounds UHT milk protein fortified (follow-on)
(mg/L) UHT milk

- Range Median Range Median Range Median Range Median Range Median
%
—_——v—
Gl LU 1022040 pge | 3121267 T g 0.45-161 1.03 13.45-21.98 | 17,9 | 4.59-4038| 5,45
3-Deoxygalactosone : ) ] ) _ )
_ 017043 g | 4001751} 00 026184 LS 12222271 | 5. 045269 .
SULDAEUEEEIEEN “010-082 037 | 0061.78 | To0o5 030047 0.39 0.01-0.97 0.26 n.d.-0.31 0.01
IR 001003 o1 | (083202 | 176 011012 011 097412 | 313 nd-666 16
0.01-004 ooz | 094252 | 55, 008018 0.3 085765 | 337 nd-013 g0
001006 g4 003005 g5 007-0.18 5% 003012  gog  nd-025 (o6
Methylglyoxal n.d-0.02" gz 010016 g1 n.d. 0.00 0.03-0.95 020 Nnd-120 g1
Glyoxal 0.30-0.85 0.50 0.60-0.89 0.63 0.61-0.78 0.69 0.72-5.38 1.65 0.88-1.90 1.42

FoQuS © *n.d: not detectable
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Results
AGEs

——
350 I
CML, mg/kg protein 300
lactose- [ J
UHT | hydrolyzed UHT | protein-fortified | lactose-hydrolyzed protein- infant UHT l § -
milk milk UHT milk fortified UHT milk follow-on) milks E —_—
T T T ( *‘ | § 150 :
min 11,80 41,40 230,60 86,00 000 | = . — :
median 15,24 48,10 301,40 134,50 29,15 0 ==
BA N VoY | I
maX 31'06 53,80 3720 177 20 ._ 88,20 | ’ UHT milk |3ﬂ°93'|'wr::ﬁ<|‘/18d UHT  protein-fortified UHT milk pmltaec‘v:fsoe:i\fyi:rdolljy;{e'dm“k UHT infant milks
CEL, mg/kg protein 12 -
lactose-

UHT | hydrolyzed UHT |protein-fortified| lactose-hydrolyzed protein- infant UHT 100

milk milk UHT milk fartified UNT ik Ifollow-onl orilks.
min 0,00 0,00 45,00 12,40 0,00 % 60

g —_—
median | 0,00 5,90 86,25 32,55 10,10 40 # —
max__ |11,30 47,30 127,50 44,40 30,70 ?
o0 | L [ -
UHT milk lactose-hydrolyzed UHT  protein-fortified UHTmilk  lactose-hy drolyzed UHT infant milks
milk protein-fortified UHT milk

CML and CEL formation;
v' higher in the milks other than whole UHT milk

FoQus v/ 'max in protein fortified milk samples

Research Group

protein fortified milks > lactose hydrolyzed protein fortified milks > infant follow-on milks
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Results
Furosine & Lysine loss

200

FUR g/kg protein ~ 150 —
UHT [lactose-hydrolyzed| protein-fortified | lactose-hydrolyzed protein- infant UHT %
milk UHT milk UHT milk fortified UHT milk (follow-on) milks f 100 —bﬁ
min 1,32 4,47 3,85 9,20 1,92 50 —— $
—
median | 1,61 4,66 4,55 10,26 4,63 00
U o e T ot ot ot ot
max 2,34 12,08 5,25 22,20 9,74

o double reducing sugar conc

v furosine levels; higher in lactose-hydrolyzed milks o galactose, glucose more reactive than lactose
o more lysine provided for MR by protein enrichment

45% /
blocked lysine, % o
UHT |[lactose-hydrolyzed| protein-fortified lactose-hydrolyzed infant UHT 0\035%
milk UHT milk UHT milk protein-fortified UHT milkl  (follow-on) milks g 3
= 5%
min 3,4% 8,5% 7,4% 13,9% 6,6% g
15%
median | 4,6% 9,6% 8,6% 17,3% 9,8% " =
x|
max 7,2% 26,8% 9,8% 43,0% 2415% . UHT milk lactose-hydrolyzed UHT  protein-fortified UHT milk  lactose-hydrolyzed UHT infant milks
milk protein-fortified UHT milk
FoQuS
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lysine loss is as high as 43.0% for lactose-hydrolyzed protein-fortified milks
hydrolysis of lactose and protein fortification; higher loss of lysine
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to conclude...

JFormation of intermediates, early and advanced Maillard reaction
products in UHT affected by the fortification of different
ingredients.

= Fortification of infant follow-on milks with syrup or honey; higher amounts of dicarbonyl
compounds

= Protein fortification and lactose hydrolysis; higher levels of Maillard reaction products

= Fortification of milks with proteins; loss of available lysine

d Limit the loss ofdavailable lysine
J Mitigation of MR in.theése products

v’ proper ingredient selection
v’ gentle techniques other than UHT
v’ lactose removal instead of lactose hydrolysis
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