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ü Dairy consumption during years changing

Background

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

o whole milks

Milk;
ü Most important food for daily diet; balanced protein, 

carbohydrate, lipid and mineral content

7th
 IN

TERNATIO
NAL 

FOOD S
AFETY C

ONGRESS



ü increase the shelf-life; 

UHT processing-Maillard reaction

inactivation of bacteria
and enzymes, > 6 months

chemical changes
(Maillard reaction)
• color & taste
• nutritional loss
• formation of possible

harmful compounds

Background

UHT processing (130-150oC)
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Maillard ReactionBackground

lysine heating

Amadori product
(lactulosyllysine)

a-dicarbonyl compounds
• galactosone
• glucosone

• 3-deoxyglucosone
• methylglyoxal

• glyoxal

AGEs
• carboxyethyllysine, CEL

• carboxymethyllysine, CML

reducing sugar
• lactose
• glucose
• galactose

indication of lysine blockage

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
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Objective

aiming to see in different UHT milks
o content of dicarbonyl compounds
o content of AGEs
o lysine blockage

does compositional differences affect the MR
products in UHT milks

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)

Experimental
different UHT milks

collected from local market

freeze drying

Analysis by Triple Quadrupole LC-MS/MS
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Results

dicarbonyl 
compounds

(mg/L)

UHT milk Lactose-hydrolyzed 
UHT milk

Protein fortified UHT milk Lactose-hydrolyzed 
protein fortified 

UHT milk

Infant UHT milk
(follow-on)

Range Median Range Median Range Median Range Median Range Median

3-Deoxyglucosone 0.22-0.40 0.36 3.12-12.67 9.06 0.45-1.61 1.03 13.45-21.98 17.29 4.59-40.38 7.42
3-Deoxygalactosone 0.17-0.43 0.36 4.00-17.51 13.66 0.26-1.84 1.05 12.22-22.71 17.58 0.45-2.69 0.55
1- Deoxyglucosone 0.10-0.82 0.37 0.06-1.78 0.95 0.30-0.47 0.39 0.01-0.97 0.26 n.d.-0.31 0.01
Glucosone 0.01-0.03 0.01 0.83-2.02 1.76 0.11-0.12 0.11 0.97-4.12 3.13 n.d.-6.66 6.16
Galactosone 0.01-0.04 0.02 0.94-2.52 2.52 0.08-0.18 0.13 0.85-7.65 3.37 n.d.-0.13 0.06
Diacetyl 0.01-0.06 0.04 0.03-0.05 0.05 0.07-0.18 0.12 0.03-0.12 0.08 n.d.-0.25 0.06
Methylglyoxal n.d.-0.07 0.02 0.10-0.16 0.11 n.d. 0.00 0.03-0.95 0.20 n.d.-1.20 0.61
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

o *n.d: not detectable

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

ü infant follow-on milks; great variation in 3-DG (3-DG content of sugar syrup or honey)
ü Lactose-hydrolyzed milks; highest amounts of α-dicarbonyl compounds 
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Results
AGEs

CML, mg/kg protein

UHT 
milk

lactose-
hydrolyzed UHT 

milk 
protein-fortified 

UHT milk
lactose-hydrolyzed protein-

fortified UHT milk
infant UHT 

(follow-on) milks

min 11,80 41,40 230,60 86,00 0,00

median 15,24 48,10 301,40 134,50 29,15

max 31,06 53,80 372,20 177,20 88,20

CEL, mg/kg protein

UHT 
milk

lactose-
hydrolyzed UHT 

milk 
protein-fortified 

UHT milk
lactose-hydrolyzed protein-

fortified UHT milk
infant UHT 

(follow-on) milks

min 0,00 0,00 45,00 12,40 0,00

median 0,00 5,90 86,25 32,55 10,10

max 11,30 47,30 127,50 44,40 30,70
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CML and CEL formation; 
ü higher in the milks other than whole UHT milk

protein fortified milks > lactose hydrolyzed protein fortified milks > infant follow-on milks

ü max in protein fortified milk samples7th
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Results

blocked lysine, %
UHT 
milk

lactose-hydrolyzed 
UHT milk 

protein-fortified 
UHT milk

lactose-hydrolyzed 
protein-fortified UHT milk

infant UHT
(follow-on) milks

min 3,4% 8,5% 7,4% 13,9% 6,6%

median 4,6% 9,6% 8,6% 17,3% 9,8%

max 7,2% 26,8% 9,8% 43,0% 24,5%

FUR g/kg protein
UHT 
milk

lactose-hydrolyzed 
UHT milk 

protein-fortified 
UHT milk

lactose-hydrolyzed protein-
fortified UHT milk

infant UHT 
(follow-on) milks

min 1,32 4,47 3,85 9,20 1,92

median 1,61 4,66 4,55 10,26 4,63

max 2,34 12,08 5,25 22,20 9,74
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Furosine & Lysine loss

ü furosine levels; higher in lactose-hydrolyzed milks
o double reducing sugar conc
o galactose, glucose more reactive than lactose
o more lysine provided for MR by protein enrichment

hydrolysis of lactose and protein fortification; higher loss of lysine 
lysine loss is as high as 43.0% for lactose-hydrolyzed protein-fortified milks 7th
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q Limit the loss of available lysine
q Mitigation of MR in these products

to conclude…

§ 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

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

qFormation of intermediates, early and advanced Maillard reaction 
products in UHT affected by the fortification of different 
ingredients.
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Thank you for your attention

Contents lists available at ScienceDirect

Journal of Food Composition and Analysis

journal homepage: www.elsevier.com/locate/jfca
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Lactose hydrolysis and protein fortification pose an increased risk for the
formation of Maillard reaction products in UHT treated milk products

Işıl Gürsul Aktağa,b, Aytül Hamzalıoğlua, Vural Gökmena,⁎

a Food Quality and Safety (FoQuS) Research Group, Food Engineering Department, Hacettepe University, 06800, Beytepe, Ankara, Turkey
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A R T I C L E I N F O

Keywords:
UHT milk
Protein-fortified milk
Infant milk
Maillard reaction products

A B S T R A C T

This study aimed to survey the content of Maillard reaction products in different UHT-treated milk products and
to assess how formation of these products and lysine blockage is affected by the composition. For this purpose,
different commercial UHT milks including milk (whole, semi-skimmed and skimmed), lactose-hydrolyzed,
protein-fortified, lactose-hydrolyzed protein fortified and follow-on infant milks were analyzed. Among the
Maillard reaction products, dicarbonyl compounds, 5-hydroxymethylfurfural, furosine, N-ε-carboxymethyllysine
and N-ε-carboxyethyllysine were monitored. The results showed that fortification of UHT milks with protein and
carbohydrates as well as hydrolysis of lactose promoted the Maillard reaction. Among the dicarbonyl com-
pounds, 3-deoxyglucosone formation, which was the dominant dicarbonyl compound in milks, varied between
3.12–12.67mg/L, 13.45–21.98mg/L and 4.59–40.38mg/L in lactose hydrolyzed, lactose-hydrolyzed protein-
fortified and follow-on infant milks whereas it was 0.22-0.40mg/L in milks, respectively. Similarly, 5-hydro-
xymethylfurfural could not be detected in milks, whereas mean 5-hydroxymethylfurfural concentration was
found to be 56.3mg/L and 31.5mg/L in protein-fortified milks and lactose-hydrolyzed protein-fortified milks,
respectively. Accordingly, % blocked lysine, furosine, N-ε-carboxymethyllysine and N-ε-carboxyethyllysine
content of different UHT milks were found to be significantly higher than milks (p < 0.05). This is the first
study reporting the Maillard reaction products in protein-fortified and infant milks.

1. Introduction

Owing to its balanced protein, carbohydrate, lipid and mineral
content, milk, comprises a major part in daily diet for human. As it is
one of the most nutriciouos foods, daily consumption of whole milk was
comparably high in the past, however, within the change of lifestyle,
whole milk consumption declined and various fluid milk products in-
cluding skimmed milks, semi-skimmed milks and flavored milks be-
came commercially available in the market (Barbano, 2017). Increased
awareness of lactose intolerance lead to development of lactose-hydo-
lyzed milks (Ingram et al., 2009) and increased protein consumption
due to active lifestyle of people doing sports promoted the production
of protein-fortified milks (Barbano, 2017). Together with these milks,
for the children older than 1 years old, follow-on milks containing re-
duced protein, high amounts of carbohydrate, vitamin and minerals
were also produced.

Increased consciousness expected not only enhanced nutritional
profile but also longer shelf-life and better quality (Barbano, 2017). In
order to increase the shelf-life of milks, ultra-high-temperature (UHT)

processing, in which the milk is subjected to higher temperatures
(130–150 °C), is commonly applied (Datta et al., 2002). Such high
temperatures ensure the inactivation of bacteria and enzymes providing
the extended shelf life more than 6 months, however, heat-treatment
under these harsh conditions also leads to chemical changes decreasing
the nutritional value of milk and Maillard reaction is responsible from
the major changes in milks as a consequence of UHT-treatment (van
Boekel, 1998). Heating causes changes in color and taste of milk as a
result of Maillard reaction, as well as lipid oxidation (Clare et al., 2005;
Zabbia et al., 2012). In addition to these, oxidation of aromatic rings
and sulphur residues, formation of isopeptides, lysinoalanine and pro-
tein cross-links are the other changes occur in milk constituents during
heating (Friedman, 1999).

Maillard reaction in milk is initiated by the reaction of reducing
sugar, lactose, with ε-amino group of lysine residues, guanidino side
chain of arginine and N terminus moiety of milk proteins forming a
Schiff base (Turner et al., 1978; Sillner et al., 2019). It is followed by
Amadori rearrangement resulting in the formation of early products of
Maillard reaction such as ε-N-deoxylactulosyl-lysine (lactulosyllysine)

https://doi.org/10.1016/j.jfca.2019.103308
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