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Abstract:

The effect of lactose on denaturation of whey proteins was investigated in cow
milk, with and without lactose, heated at different temperatures ranged of (65-95)°C for
30 min. Compared with the milk without, the milk containing lactose showed a smaller
increase in pH values and a higher concentration of whey proteins. Whey proteins
percentage in milk samples with and without lactose heated at (65,70,75 ,80,85,90 and
95) °C for 30 min were(90.38,88,86.16 , 67.9,44,23,23.5 and 23.2%) and (82.85,75, 71.14 ,
44.18,25.92,20.52 and 20%) respectively. It was concluded that heating cause formation
new band located below B-Lg band in whey samples of both milk ,with and without
lactose , and the intensity of this band increased with increment of heating temperatures
and heating time.

Keywords: milk proteins, heat treatment, whey proteins , denaturation

heat treatment and the extent of changes

I Introduction: depends on the type of heat treatment

Milk is heat treated in order to employed [1]. Cow milk contains two
destroy  pathogenic microorganisms, major groups of proteins, casein and whey
inactivate enzymes and extend its shelf life. proteins. Caseins are phosphoproteins
It is also heat treated during the precipitated from raw milk at pH 4.6 at
manufacture of dairy products such as 20°C. They comprise approximately 80%
yogurt to not only destroy microorganisms of the total protein content in milk. The
but also to alter the physical properties of principal proteins of this group are
the product, e.g., to increase viscosity. The classified into asl-, as2-, B- and k-caseins
most common types of heat treatment are [2]. Whey is a complex mixture of different
pasteurization (63°C for 30 min or 72 °C proteins. In general, the main components
for 15 sec), ultra high temperature (UHT) include  B-Lactoglobulin  (55%),0-LA
treatment (e.g., 135°C for 20 sec or 140°C (24%), serum albumin  (5%) and
for 5 sec.) and in-container sterilization immunoglobulins (15%) [3].

(110 - 120°C for ~20 min). The structure of When milk proteins are subjected to
milk proteins undergoes changes during thermal processing, depending on the
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heating conditions, No noticeable effects
are observed on the casein micelle fraction
due to heat treatment in the temperature
range 70-100 °C [4].

The caseins have a mainly random
coil structure and are therefore not
susceptible to denaturation processes. But
whey proteins may undergo a structural
change, commonly known as denaturation,
which is accompanied by protein unfolding
and an exposure of hydrophobic groups.

During  heat  treatment,  small
aggregates of B-lactoglobulin are formed
which, at increasing temperature or heating
time enlarge, and larger denatured -
lactoglobulin aggregates are formed [5].
When the heating temperature and/or time
is further increased, denaturation of o-
lactalbumin begins, which forms complexes
with large denatured B-lactoglobulin
aggregates, and both proteins bind to the
surface of casein micelles [6].

Thus, following the denaturation of
whey proteins, there is a reaction between
the two groups of protein also occur.
Through  thiol  group-disulfide  bond
exchange reactions the whey proteins can
interact with k-casein present at the exterior
of the casein micelle. The initial step of this
process is believed to be physical in nature,
but the final interaction is often covalent,
e.g. adisulfide linkage [5, 7].

The kinetics of protein denaturation
and aggregation is controlled by the heating
conditions and the chemical environment .
Heating temperature and pH being probably
the most important factors in determining
the rate and extent of protein denaturation
and the degree of the subsequent interaction
of whey proteins with casein micelles [8 ,
9.
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The aim of this study was to study
the effect of lactose on denaturation of
whey proteins during heat treatments of
milk at different temperatures.

Il. Materials and Methods:

A. Preparation of samples

Fresh bulk cow was provided by local
dairy farm, Penang, Malaysia. Milk was
skimmed by centrifugation (2500 g for 30
min at 5°C). The skim milk was mixed with
TCA (24%) 1:1 for 30 min. The milk
protein precipitate was collected using
centrifugation and the liquid supernatant
layer was discarded. The milk protein
precipitate was washed twice with 12%
TCA to remove traces of lactose, dissolved
in distilled water with adding NaOH (2M)
to pH 7, dialysed against tap water for 48 h
and freeze dried [10].

The milk protein preparation was
dissolved in simulated milk ultrafiltrate
(SMUF) up to 3.5% (W/V) according
to[11].and the solution was divided into
two parts; 5% lactose was added to one
part(which represent lactose concentration
in cow’s milk ) and no addition was made
to the other part.

B. Heat treatment trials

The reconstituted skim milk samples
were divided in 100 ml portions and heated
in water bath at 65, 70,75,80 ,85, 90 and
95 °C for 30 min. All experiments except
the SDS- electrophoresis were carried out
in triplicate.

C. Soluble nitrogen determination
The pH 4.6-soluble nitrogen (pH 4.6-
SN) fraction was prepared according to
[12]. The pH of milk was reduced to 4.6
using 1M HCI and sample allowed to stand
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for 30 min .Sample were filtered through
Whatman No. 1 filter paper and nitrogen
contents were determined in aliquots of the
by adding 10 mL of 24% (w/v) TCA to 10
mL of milk. The acidified samples were
allowed to stand for 30 min at room
temperature. They were centrifuged at
10,000g for 15 min and the supernatants

D. Sodium  dodecyl
polyacrylamide
electrophoresis (SDS-PAGE)

The SDS-PAGE of heat treated milk
samples was performed in the presence of
2-mercaptoethanol using a Bio-Rad System
following the method described by [14].
Milk samples were mixed (1:2 v/v) with
sample preparation buffer (1% SDS, 0.01%
bromophenol blue and 30% glycerin in 0.05
M Tris + HCI buffer pH 6.8) and, after
addition of 5% 2-mercaptoethanol, were
heated at 95°C for 5 min. The samples were
cooled and loaded onto an SDS gel made
up of stacking and separating gels
containing 5% and 15% acrylamide,
respectively. The gel was run in a Mini-
Protean system (Bio-Rad, Richmond, CA,
US) at 200 V using a Bio-Rad power
supply unit (Power Pac 3000, Bio-Rad,
Richmond, CA, US). The protein bands
separated on the gel were stained with a
solution containing 0.1% Coomassie
Brilliant Blue G-250, 50% methanol and
10% acetic acid, and destained with 1%
acetic acid.

The destained gel was scanned using a
densitometer (Bio-Rad GS800). Semi-
guantitative protein estimation of the
protein bands on the scanned image was
performed using Quantity One software
(Bio-Rad Laboratories). The relative
quantities of proteins were estimated by

sulphate—
gel
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filtrates by the micro-Kjeldahl method [13].
The 12% trichloroacetic acid-soluble
nitrogen (TCA-SN) fraction was prepared
filtered through Whatman No. 42 filter
paper. The nitrogen contents were
determined in aliquots of the filtrates by the
micro-Kjeldahl method [13].

measuring the intensity of their bands as a
percentage of the total bands measured.

1.  Results and discussion:
A. Changes in pH values During heat

treatments

The pH value of the milk samples was
6.8 directly before heat treatment. The pH,
it is value of the sample containing lactose
decreased gradually until reached 6.68 after
30 min. of heating at 75°C, then the pH
increased gradually to 7.6 after 30 min. of
heating at 95 °C (Figure 1) .The decrease in
pH values after heating at 65,70 and 75 °C
is caused by acids formed in the Maillard
reactions[15], or protein-protein reactions
that result in the release of protons [16].

Heatleg tervperature(C)

Fig.1:Changes in pH of milk samples after
heating at different temperatures for 30
min. in the presence of lactose (A) and in
the absence of lactose (m).



Journal of Zankoy Sulaimani- Part A, Special Issue, Vol. 16, 2014.

The pH values of milk samples with and
without lactose increased gradually with
increasing heating temperature and reached
to 7.6 and 7.88 respectively after 30 min of
heating at 95 °C, this increase is attributable
to deamidation of milk proteins [17]. The
higher increase in pH values of milk
samples without lactose is attributed to
acids formed in the Maillard reactions in
milks samples with lactose [15].

B. Change in whey proteins during
heat treatments

Changes in whey proteins
concentration in milk samples after heating
at different temperatures for 30 min. with
and without lactose are given in Figure 2.

The concentration of whey proteins in
unheated milk was 100% and this
concentration decreased gradually with the
increment of heating temperature in both
milk samples with and without lactose. The
rate and extent of the decrease were higher
in milk samples without lactose than in the
samples with lactose. Whey proteins

percentage in milk samples with and
without lactose heated at (65,70,75
,80,85,90 and 95) °C for 30 min

were(90.38,88,86.16 , 67.9,44,23,23.5and
23.2%) and (82.85,75, 71.14 , 44.18, 25.92
, 20.52 and 20%) respectively.

This decrease in whey proteins
concentration in  both  samples s
attributable to denaturation of whey
proteins and their subsequent interactions
with caseins, mainly via disulphide bridges
[18], or formation of xenobiotic crosslinks
arising from B-elimination and
condensation reactions [19].

In the milk sample containing lactose,
an additional type of whey protein—casein
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interaction occurs because of advanced
Maillard reaction (MR) products [20].The
higher Percentage of proteins in whey
samples with lactose is attributed to the role
of lactose in increasing milk viscosity
which decrease heating effect on milk
proteins [21].
2

100

in whey (%)

prowins

Heating temperature [C)

Fig. 2: Changes in whey proteins ratio after
heating at different temperatures for 30
min. in the presence of lactose (A) and in
the absence of lactose (m).

C. Change in TCA-soluble nitrogen

during heat treatments

Figure 3 shows that the TCA-SN
increased in both milk samples during
heating at different temperatures for 30
min. In unheated milk the TCA-SN values
were 1% and this value increased with time
of heating to 1.3% after 30 min. of heating
at 95°C in both samples with and without
lactose. The increase in TCA-SN during
heating is largely attributable to the release
of ammonia from milk proteins by
deamidation [17].
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Fig.3: Changes in 12% trichloroacetic acid—
soluble nitrogen (TCA-SN) in milk
samples after heating at different
temperatures for 30 min. in the presence of
lactose (A) and in the absence of lactose
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The SDS-PAGE electrophoretograms in min., a high molecular weight proteins
presence of 2-mercaptoethanol (ME) of the bands were appeared .
milk samples after heating at different These results indicate that disulphide
temperatures for 30 min. are shown in bonds were responsible for the covalent
Figure 4. The electrophoretic patterns bonds leading for formation of the
indicate that heat temperatures and polymeric milk proteins visible in Figure 5.
presence of lactose had no effect on milk The changes in electrophoretic patterns of
protein bands . While in Figure 5 which the milk samples increased with heating
present SDS-PAGE electrophoretograms in temperature. The high-molecular-weight
absence of ME of the milk samples after bands appeared in the samples with and
heating at different temperatures for 30 without lactose.
a 1 2 3 4 5 6 7 8 9 b 1 2 3 4 5 6 7 8 9

1H - — — — i —

23

19

63

v

+

Fig. 4: SDS-PAGE of milk samples in presence of ME after heating at different temperatures
for 30 min. in the presence of lactose (a) and in the absence of lactose ( b) . 1, MW
standards(KD), 2, unheated milk, 3, milk heated at 65 °C, 4, milk heated at 70 °C, 5, milk
heated at 75 °C, 6, milk heated at 80 °C, 7, milk heated at 85 ° C, 8, milk heated at 90 °C and
9, milk heated at 95 °C.
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»

Fig. 5: SDS-PAGE of milk samples in absence of ME after heating at different temperatures
for 30 min. in the presence of lactose (a) and in the absence of lactose ( b) . 1, MW
standards(KD), 2, unheated milk, 3, milk heated at 65 °C, 4, milk heated at 70 °C, 5, milk
heated at 75 °C, 6, milk heated at 80 °C, 7, milk heated at 85 ° C, 8, milk heated at 90 °C and
9, milk heated at 95 °C.

Figure 6 showing the change in SDS- in both samples with and without lactose
PAGE patterns of the pH 4.6 whey samples which is attributable to the denaturation of
during heating at different temperatures for whey proteins and their subsequent
30 min. A decrease in BSA ,B-Lg and a-La interactions with caseins, mainly via
bands intensity was appear with the disulphide bridges [18].
increment of heating temperatures of milk

a 1 2 3 4 5 6 7 8 9 b 2 3 4 5 &6 7 8 9o
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n . — — — — BsA — . — D S
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Fig. 6: SDS-PAGE of pH 4.6 whey samples after heating milk at heating at different
temperatures for 30 min. in the presence of lactose (a) and in the absence of lactose ( b) . 1,
MW standards(KD), 2, unheated milk, 3, milk heated at 65 °C, 4, milk heated at 70 °C, 5,
milk heated at 75 °C, 6, milk heated at 80 °C, 7, milk heated at 85 ° C, 8, milk heated at 90 °C
and 9, milk heated at 95 °C.
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Beside that we notice the appear of new increased with increment of heating
band located below B-Lg band in whey temperatures ( Figure7) in the same time a
samples of both milk ,with and without decrease in -Lg band intensity.
lactose , and the intensity of this band
30
25
§ 20
£ 15
=
g 10
5
0 ]
0 65 70 75 80 85 920 95

Heating temperature{C®)

Fig. 7: Changes in B-Lg concentration (m ) and new bad concentration ( A) after heating at
different temperatures for 30 min.

The effect of heating time on 90 °C on time . The formation of this band was not
formation of the new protein band is shown recorded in any research before, and the
in Figure 8.The intensity of this protein reason behind it formation is not clear.

band increased with increment of heating
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BSA B

o NP S - —
cr-Lan

-

Fig.8: SDS-PAGE of pH 4.6 whey samples after heating milk at 90 °. 1,unheated milk, 2,
milk heated at 90 °C for 30 min., 3, milk heated at 90 °C for 60 min.

I\V. Conclusions:

During heat treatment of milk, In the the higher increase in pH values was in
presence and absence of lactose major milk samples without lactose .Major
changes occurred .Milk pH increased and changes in the nitrogen distribution occur.
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The pH 4.6 soluble nitrogen decreased with
increment of heating temperature and this
can be attributed to whey proteins cross-
linking with casein via S-S bonds .. The

lactose. Heating cause formation of new
band located below B Lg band in whey
samples of both milk, with and without
lactose, and the intensity of this band

changes were greater in the samples
containing lactose than in those with no

increased with increment of heating
temperatures and heating time.
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