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Abstract 

Whey protein concentrate (WPC) is used as food ingredients due to their commercially important 
functional properties. The effects of heat treatment on the components of milk are very important for the 
final product character, since they undergo modifications that affect sensory and nutritional quality of milk. 
As foodstuffs they are applied not only because of their functional properties, but also because of their high 
nutritive value.  

Improvements in functional properties may be achieved by modifying the protein structure by chemical, 
enzymatic or physical treatments. Functional properties of whey proteins such as solubility, viscosity, 
water-holding capacity, gelation, adhesion, emulsification and foaming are affected by their structure and 
mainly reflect the functionality of β-lactoglobulin as the most abundant protein.  

The objective of this work was to evaluate the effect of heat treatment on dispersions of whey proteins 
concentrate on some technological properties. The heat induced changes were monitored by measurement 
of thiol availability, protein solubility and turbidity at neutral pH (7.5). 
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1. Introduction 

Whey protein concentrate (WPC) are used as food 
ingredients due to their commercially important 
functional properties such as solubility, viscosity, 
water-holding capacity, gelation, adhesion, 
emulsification and foaming [7]. As ingredients in 
food, whey proteins are used also for of their high 
nutritive value, reasonable cost and GRAS status. 
Generally, the functional properties of food 
proteins may be classified into three main groups: 
(a) hydration properties, dependent upon protein-
water interactions which have an important bearing 
on wetability, swelling, adhesion, dispersibility, 
solubility, viscosity, water absorption and water 
holding; (b) interfacial properties including surface 
tension, emulsification and foaming 
characteristics; and (c) aggregation and gelation  

 
properties, which are related to protein-protein 
interactions [9]. 

Heat-treatment of can cause the unfolding and 
denaturation of the whey proteins, followed by 
aggregation through hydrophobic interaction and 
disulphide-thiol interchanges to form heat-induced 
aggregates. These heat-induced changes in proteins 
structure can affect the technological properties of 
whey proteins such as emulsification, foaming and 
gelation as they are mainly determined by the 
structure of β-lactoglobulin. 

The objective of this work was to evaluate the effect 
of heat treatment on dispersions of whey proteins at a 
concentration which is close to but insufficient for 
gelation, on the some technological properties.  
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Functionality was limited to solubility, turbidity 
and thiol availability. We suppose that this 
research could encourage attempts to use these 
ingredients in a wide range of formulated food 
products to fully replace traditional additives such 
as milk powder or skim milk. 

2. Materials and methods 

WPC was purchased from KUK Romania. The 
chemicals 5,5’-dithiobis-(2-nitrobenzoic acid) 
(DTNB), sodium dodecylsulfate (SDS) were 
obtained from Sigma Chemicals (St. Louis, MO, 
USA). All solvents and chemical reagents were of 
analytical grade. 

Isothermal Treatment of WPC solutions. WPC 
solutions (10 mL of 5 mg/mL in distillated water, 
pH 7.5) were heated in glass tubes in a 
thermostatically controlled water bath at constant 
temperatures between 70 and 85°C for 0 to 40 min. 
After heat treatment, samples were immediately 
transferred to ice-cold water to prevent further 
denaturation. The samples were stored at 40C over 
night. The samples of (un)treated WPC solutions 
were centrifuged for 15 min (Eppendorf 
centrifuge, Eppendorf AG) at 16 000 g for 20 min 
after lowering the pH to 4.6 ± 0.1 using 0.1 and 1 
N of HCl.  

Turbidity.  

Turbidity was determined spectrophotometrically 
after diluting the samples (100 µL to 2.5 mL 0.02 
M Tris-HCl buffer, pH 6.6) at a wavelength of 600 
nm and 20°C. One hundred percent turbidity was 
defined as 0% transmission of light. 

Solubility. 

The soluble protein (SP) content was determined 
after isoelectric precipitation of denatured 
/aggregated whey protein [10]. The SP content in 
the supernatants was determined by measuring 
absorption at 280 nm after appropriate dilution in a 
dissociating buffer (EDTA 50 mM, urea 8 M, pH 
10) using a Cintra spectrophotometer (GBC 
Scientific Equipment). Insoluble protein content of 
suspensions at pH 4.6 was defined as the 
difference between TP (total protein) and SP 
contents and was used to estimate the extent of 
denaturation/aggregation of whey proteins. The 
percentage of DP content was calculated with the 
following equation 1: 

100⋅
−

=
TP

SPTPDP (%)                                           (1) 

Thiol availability.  

The exposed, total and slow reacting SH groups were 
determined as described by Sava et al. (2005) [12]. 
The (un) heated samples (50 µL) were diluted with 
appropriate buffer solution (standard solution at pH 
8.0 for exposed SH groups, standard solution with 8 
M uree, pH 8.0 for total SH groups and standard 
solution with 8 M urea and 0,5% SDS for slow 
reacting groups). 

DTNB reagent (10 µl) was added to the (un)treated 
samples. The absorbance at 412 nm was measured 
against a reagent blank after 2 min (total SH groups) 
or 15 min (surface SH groups) at 20°C. 

The SH groups (µmol/g protein) were calculated with 
the equation 2: 

( )
13600C

D0A1A
⋅

⋅−
µmol SH/g protein =                           (2) 

where A1 is the absorbance of (un)heated sample at 
412 nm, A0 is the absorbance of the martor, d the 
dilution factor, 13 600 the molar extinction 
coefficient, and c the protein concentration (mg/mL). 

For the slow reacting SH groups, the absorbance at 
412 nm was recorded during 5 minutes of reaction at 
room temperature. The amount of free SH groups 
was calculated at each time. The slow reacting SH 
groups can be obtained using the following pseudo-
first-order equation (equation 3): 

[ ] sobsrt SHtkSHSH lnln + [ ]−=−                       (3) 

where SHt is the total SH groups content obtained 
from the maximum absorbance value, SHr is the 
content of SH groups having reacted at time t, kobs is 
the reaction rate constant for the reaction between 
DTNB and SH121, and SHs is the content in slow 
reacting SH groups [13]. 

3. Results and discussion 

Solubility is an important characteristic for functional 
application of proteins in food systems, not only per 
se but also as a prerequisite for derived functional 
properties like emulsification, foaming, and gelation 
[4]. The commonly used heat treatments such as 
pasteurization and sterilization always affect the 
structure and properties of whey proteins, either 
reversibly or irreversibly. 
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The solubility at control and heat-treated samples 
was determined by measuring the protein 
concentration in the supernatant after 
centrifugation, and it should be considered a 
reliable predictor of functionality. The main 
components of the whey protein fraction of bovine 
milk are β-lactoglobulin, α-lactalbumin and 
bovine serum albumin (BSA). During heat 
treatment, the denaturation of whey protein 
concentrate is mainly determined by the 
parameters as temperature and holding time. 
Figure 1 shows the denaturation degree of the 
protein at neutral pH. Treatment of whey proteins 
concentrate at temperature over 800C leads to a 
progressive protein denaturation, estimated by the 
loss of solubility at pH 4.6. 

The maximum extent of denaturation was reached 
at 850C after 40 minutes, when the proteins 
aggregate and the solubility decreased with almost 
77%. In the temperature range of 70-750C, the 
denaturation degree varied from 5 to 30%, with a 
minimal increase in turbidity (Figure 2). 

 
Figure 1. The denaturated protein percent content as a 

function of heating time and temperature 

 
Figure 2. The increase in turbidity during heat 

treatments of WPC solutions at neutral pH  
 
 

The denaturation curves measured by the changes in 
the exposure degree of SH groups are given in Figure 
3. Heat treatment induced significant changes in the 
extent of denaturation, with a decrease between 30% 
at 700C to 100% at 800C after 40 minutes of holding.  

 
Figure 3. Denaturation curves of whey protein concentrate 

expressed as degree of SH groups exposure 

 

The first order kinetic model was used to define the 
heat-induced changes on the degree of SH exposure. 
The temperature dependence of the rate constant, k 
(min-1) was described by the Arrhenius equation 4 
(figure 4): 
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with T and Tref the absolute temperature (K) and the 
reference temperature (K), respectively; kref the rate 
constant at Tref, Ea the activation energy (kJmol-1), R 
the universal gas constant (8.314 Jmol-1K-1). Kinetic 
parameters were estimated by nonlinear regression 
analysis.  

The activation energy had been the important and 
widely used parameters for predicting the effect of 
temperature on any specific reaction. By monitoring 
the kinetics of SH group’s exposure in protein 
solutions, it was observed that the rate constant had 
different values in the temperature range of 70-850C. 
The rate constants k for this model are given in table 
1.  

The temperature dependence of k between 70 and 
85°C could accurately be described by the Arrhenius 
equation (r2 = 0.99), resulting in an activation energy 
of 111.3±2.7 kJ.mol-1. 
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Table 1. Kinetic parameters k and Ea of the first order 

model describing heat-induced changes in exposed SH 
groups 

Temperature 
(°C) 

k (min-1) 

70 0.0333±0.012 a

75 0.0617±0.016 
 

 
Figure 4. The temperature dependence of the rate 

constant (k, min-1) describing changes in SHex at pH 7.5 

 

Dannenberg and Kessler (1988) determined, for 
the heat-induced denaturation of β-lactoglobulin A 
and B in milk, an activation energy of about 270 kJ 
mol-1 in the temperature range 70–900 C and of 
about 50 kJ mol-1 above 900C [3]. According to the 
well-known model of thermal denaturation of β-
lactoglobulin in milk and solutions of WPC, 
denaturation reactions are limited by unfolding in 
the lower temperature range and by aggregation in 
the upper temperature range. The estimated 
activation energies for WPC denaturation shown in 
Table 1 lead to the conclusion that aggregation is 
the limiting step for the denaturation of whey 
proteins in simple medium in the temperature 
range 70-850C. 

Heating treatment weakens the structure of protein 
molecules by weakening stabilizing non-covalent 
bonds; this facilitates the first step of the 
denaturation reaction, unfolding of whey proteins 
which promote the aggregation. It can be observed 
from table 1 that the rate constant is 5 times higher 
at 850C when compared with 700C. 

De Witt (2009) suggested that the unfolding of β-
lactoglobulin is considered to be a first-order 
reaction, which may involve a number of 
consecutive conformational changes in the 
molecule [5]. The denaturation temperature varies 
with the pH and is about 700 C at pH 7.0. 

The present value for Ea is consistent with the Ea 
range for β-lactoglobulin denaturation (148.2 kJ/mol) 
in the temperature range of 67.5 to 82.5°C as 
reported by Sava et al., (2005), but it is much lower 
than the Ea value reported by Galani and Apenten 
(1997) for thermal denaturation of β-lactoglobulin in 
Tris-HCl buffer in the temperature range of 70 to 
950C (376.09 kJ/mol) [6, 12]. 

The calculated value for Ea is characteristic for 
chemical reactions in complex media, as reported by 
Walstra and Jenness (1984) [14]. Anema and 
McKenna (1996) suggest that in an aggregation 
process in which a few intermolecular bonds are 
formed and the state of order of the system is 
increased, Ea will be lower [15]. 

The total SH groups content for native WPC was 
22.35 ± 0.7 µmol/g of  proteins. The heat-induced 
changes in total SH groups are depicted in Figure 5. 
The total SH groups content varied significantly 
during thermal treatment. After 40 minutes of heating 
at 850C, the total SH group content was 0,52 ± 0.5 
µmol/g, representing 2.3% of the total SH groups for 
untreated protein. 

 

 
Figure 5. Denaturation curves of whey protein concentrate 

expressed as changes in total SH groups 
 

With increasing temperature, whey protein molecules 
undergo a sequence of conformational changes due to 
the balance of stabilizing interactions which are 
altered. After or/and during heat treatment new 
intermolecular interactions are formed and the 
proteins may be newly structured. 

In figure 6 is given the increase in absorbance for 
(un) treated samples at different temperature for 40 
minutes. The initial slow-reacting SH group content 
was found to be 19.53 ± 0.37 µmol/g protein, 
representing 87.3% of the initial total SH groups. 
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Figure 6. The increase in absorbance of WPC solutions 

treated at different temperatures for 40minutes 
 

The decrease in the amount of slow-reacting SH 
groups is depicted in Figure 7, indicating SH/SS 
interchange reactions, as described by the 
polymerization mechanism [11]. 

 

 
Figure 7. Time-dependent structural changes in slow-

reacting SH groups 

In native β-lactoglobulin, the free thiol group is 
masked in the hydrophobic interior of the protein 
and does not normally participate in a disulfide 
linkage[2]. The reactivity of the free thiol group 
can be markedly increased by protein unfolding 
induced by, for example, thermal treatment [12]. 
Denatured whey proteins have an activated thiol 
group that can oxidize with another thiol group to 
form a disulfide bond, or that can exchange with a 
disulfide bond to rearrange the position of the 
disulfide bond. Aggregates formed in these 
polymerization reactions still have reactive thiol 
groups present [1]. Sava et al. (2005) suggested 
that in the first stage of heating, the exposed thiol 
group (Cys121) may react with a solvent-exposed 
Cys66-Cys160 bond of another β-lactoglobulin 
molecule, resulting in a relatively stable Cys121- 
Cys66 bond and a free non-native thiol group 
(Cys160)[12].  

These newly formed SS bonds play an important role 
in the heat-induced aggregation and gelation of β-LG 
[8]. 

4. Conclusions 

The results presented in this paper demonstrate that 
heat-induced changes in WPC greatly influence its 
technological properties. Solubility decrease in 
combination with protein aggregation was related to 
the intensity of applied treatment time. Heat 
treatment of WPC in the temperature range of 70-
850C and at neutral pH leads to the exposure of the 
free thiol groups. This process is accompanied by the 
aggregation of the molecules because of sulfhydryl-
disulfide interchange reactions, with consequences 
for protein solubility. 
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