
Figure 2: Denaturation degrees of β-LG B in skim milk heated in PHE 
and THE. The results are shown as LS-means of duplicate analyses for 
each of two replicate trails (n=4) ± standard deviation.

Figure 3. Relative RCT (%) for heat treated skim milk samples at THE 
and PHE. * no RCT was measured within 2 hours. The results are 
shown as LS-means of duplicate analyses for each of two replicate 
trails (n=4) ± standard deviation.

Table 1. Relative RCT, relative CFR and denaturation degrees of whey 
proteins for heating skim milk using DSI for each temperature. The re-
sults are shown as LS-means of duplicate analyses for each of two re-
plicate trails (n=4)± standard deviation.

Temperature /
Holding time 

(°C/s)

Relative 
RCT (%)

Relative 
CFR (%)

Denaturation 
ß-lg B (%)

Denaturation 
ß-lg A (%)

Denaturation 
α-la (%)

105/4 127.46±13.91 56.52±2.19 3.70±3.52 11.66±3.21 4.80±1.21

115/4 138.92±10.56 45.46±5.20 15.75±11.63 24.64±9.28 9.23±1.92

130/4 192.26±40.79 27.74±8.67 25.29±4.86 30.91±2.66 10.53±5.65

145/4 420.81* - 39.35±2.83 46.83±4.44 15.35±2.97

*: only one measurement reached RCT.  -: no CFR was detected for all measurements.

Effect of heating processes on 
whey protein denaturation – 
Revisited using LC-QTOF-MS

Introduction 

Previous standards in the area of effect of 
heat treatment processes on milk protein 
denaturation were based primarily on 
laboratory scale investigations and de-
termination of denaturation degrees by 
e.g. electrophoresis. In the present study, 
the effect of heat treatment processes 
(temperature x holding time) in pilot scale 
equipment on the degree of molecular 
denaturation of whey proteins measured 
by LC-QTOF-MS and rennet coagulation 
time (RCT) was investigated.

Figure 1. Example of UV214nm chromatogram by LC-
MS of pH 4.5 soluble protein in PHE heated skim 
milk. 1: α-LA, 2: β-LG B, 3: β-LG A.

Methods

Skim milk was subjected to heat treat-
ments by:

 - Plate heat exchanger (PHE)
 - Tubular heat exchanger (THE) 
 - Direct steam injection (DSI)

Whey protein denaturation degree was 
determined by LC-QTOF-MS analysis 
(UV214nm and MS) of pH 4.5 soluble protein. 
Rennet coagulation properties were ana-
lyzed by the ReoRox® system

Marije Akkerman1, Valentin M. Rauh2, Mette Christensen2, Lene B. Johansen2, 
Marianne Hammershøj1 & Lotte B. Larsen1

 1Department of Food Science, Aarhus University, Blichers Allé 20, P. O. Box 50, DK-8830 Tjele, Denmark
2Arla Strategic Innovation Centre, Rørdrumvej 2, DK-8220 Brabrand, Denmark

m
a

rij
e

.a
kk

e
rm

a
n@

fo
o

d
.a

u.
d

k
Te

l: 
+4

58
71

54
87

5

AARHUS UNIVERSITY

Results 

 - Whey protein denaturation 
(α-LA, β-LG A and β-LG B) 
increased significantly with in-
creasing heat treatment,  
regardless of heating method. 

 - Denaturation degrees were 
obtained in the order THE › PHE 
› DSI, figure 2.

 - RCT increased at whey protein 
denaturation degrees ›50% 
and was found to be higher for 
PHE compared to THE and DSI, 
figure 3.

Discussion

The major difference compared 
with earlier studies is that the de-
naturation degrees for both α-LA 
and β-LG by heating › 95°C were 
substantially larger in the present 
study for both PHE and THE than 
previously laboratory scale investi-
gations (Dannenberg and Kessler, 
1988).
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