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Biopolymer casein was isolated from cow’s milk by acid coagulation, which was
initiated by acetic acid and sodium acetate in the first, and hydrochloric acid in the second process. The casein isolated by acid coagulation, i.e. by first process, and commercial casein were separated on α-, β-, (α+κ)- and κ casein by urea fractionation. The aim
of this study was to compare various properties of commercial casein fractions with casein fractions isolated from cow’s milk. The structure of casein and casein fraction samples were monitored by Fourier transform infrared spectroscopy (FTIR), and the obtained
vibrational bands showed structural differences between isolated and commercial casein
(presence of various amino acids), as well as their fractions. Differential scanning calorimetry (DSC) was used to determine glass transition temperature. The results showed
that the glass transitions of the isolated and commercial casein were below room temperature (Tg = 2–30 °C) due to the destruction of the samples structure that provides
molecules mobility and leads to a phase transition. Thermal degradation obtained by
thermogravimetric analysis (TGA) of all samples occurred in multiple steps. From the
results, it is evident that 5 mass % of the each sample degraded at significantly different
temperatures (T95), and it can be concluded that isolated casein and its fractions showed
better heat stability than commercial casein and its fraction.
Key words:
acid coagulation, casein, fractions, urea fractionation, thermal properties

Introduction
Casein has been manufactured during most of
the 20th century because of the simplicity of its isolation and its usefulness in the manufacturing, pharmaceutical, cosmetic and food industries. Concurrent with its declining use in adhesives and plastics,
new food applications were developed, and today,
between 70 and 80 % of the world’s casein production is used for food ingredients1. Milk contains
several protein types, among which casein accounts
for about 80 %, and it is organized as micelles2,3
with diameter ranging from 50 to 500 nm. It includes four protein fractions a1-, a2-, b- and k casein
(molar ratio ∼4:1:4:1, respectively) and they are different in their molecular weights1,4–6. Casein is a
glycoprotein, with two cysteine forming intermolecular disulphide bridges. Unlike most proteins
showing different structures of the secondary and
tertiary conformations, caseins have flexible exter*
Corresponding author: Anita Ptiček Siročić; E-mail: anitaps@gfv.hr;
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nal structures characterized as being random. Casein “molecules” do not form crystals, which has
been taken as proof of the absence of a well-defined
three-dimensional structure and of an unstable secondary structure1,4. There are several theories on the
structure of the casein micelle2,7–10 and a wide range
of reviews on application of casein are available11–14.
Many various amino acids form casein structure,
and an FTIR investigation is a suitable technique
for determining specific vibrational bands occurring
due to changes in chemical composition and conformation of basic amino acids. In addition, casein
fractions have a variety of properties, which, in
some cases, are similar, but they are mostly different. In addition, the relative amount of each fraction
differs significantly from species to species. Therefore, the aim of this study was to isolate casein from
cow’s milk in two different ways and compare it to
commercial casein, as well as compare their fractions through the determination of thermal properties (thermogravimetric analysis and differential
scanning calorimetry) and specific vibrational
groups using an FTIR analysis.
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Experimental
Materials

The casein under study (99 % purity, moisture
content <13 %) was supplied by Across Organics
UK and the cow´s milk by Dukat d.d., Croatia
(UHT sterilised milk; in 100 g/4.6 g carbohydrates,
2.8 % milk fat, 3.3 g proteins). Chemicals used for
isolation and fractions separation were sodium acetate (Mw = 82.03 g mol–1, Merck, Germany), urea
(Mw = 60.06 g mol–1, Sigma Chemical CO., USA),
sulphuric acid (Mw = 98.08 g mol–1 Kemika, Croatia), ammonium sulphate (Mw = 132.14 g mol–1,
Lach, Czech Republic).
Preparation of samples

The samples were prepared by precipitation of
casein from cow’s milk. The precipitation of casein
coagulation was achieved by acidification in two
ways4:
a) In 100 mL of milk, 1 mL of 10 % acetic acid
and 1 mL 1 mol L–1 of sodium acetate were added
in order to achieve pH = 4.7. The samples was then
centrifuged for 10 min at 3000 rpm to obtain the
casein and skimmed milk. Thereupon, the casein
was rinsed three times with distilled water and centrifuged at 3000 rpm for 15 min. The sample obtained by this procedure is called “kaz 1”.

b) The milk (2.8 % fat) was centrifuged for 20
min at 3000 rpm. The surface layer, i.e. skimmed
milk, was carefully transferred into a clean glass.
The skimmed milk was acidified with a few drops
of HCl to reduce pH to 4.6 (the isoelectric point of
casein at which precipitation from skimmed milk
starts). The sample obtained by this procedure is
called “kaz 2”.
After precipitation, the samples were air-dried,
and then placed in an oven at a temperature of about
40 °C for 2 hours.
Commercial casein is called “kaz A”.
Separation of casein

The method of separating casein into its fractions is based on solubility of the individual components in a urea solution. Separation of casein fractions
was conducted by changing the urea concentration
in acid media. The process of fractionation was carried out on samples kaz A and kaz 1, and the isolation procedure is shown in Figure 1.
Characterization
Infrared spectroscopy

The casein samples were characterized by attenuated total reflectance Fourier transform infrared
71
spectroscopy (ATR FTIR), Spectrum One FTIR



Characterization

F i g .1 1Casein
– Casein
fractionation44
Fig.
fractionation

Infrared spectroscopy
The casein samples were characterized by attenuated total reflectance Fourier transform
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cm–1 of CH2 groups, i.e. symmetric and asymmetric
stretching bonds. Those vibrations indicate the presence of amino acids with a higher concentration of
Differential scanning calorimetry
CH2 groups, such as lysine, which contains six carbon atoms in the side chains as well as arginine that
Differential scanning calorimetry (DSC) studcontains three CH2 groups in the line. Strong vibraies were performed on Mettler Toledo DSC 823 eT.
tional bands at 1742 cm–1 indicate the presence of
Samples of 10 ± 0.1 mg were sealed in aluminium
carbonyl groups (C=O). Usually, bands of the carpans, heated from 0 °C to 300 °C (first heating
bonyl groups occur in the range of 1725–1750 cm–1,
scan), then cooled to 0 °C (cooling scan), and finalbut in our sample, these bands were shifted to highly heated from 0 °C to 300 °C (second heating scan)
er value, which indicates the interactions in its surat the same heating/cooling rate of 10 °C. All the
roundings, i.e. the presence of strong hydrogen
experiments were carried out under nitrogen atmobonds. Furthermore, a vibration peak of carbonyl
sphere.
groups can be seen in the interval between 1300 and
1000 cm–1 as well as at 1652 and 1585 cm–1 the area
Thermogravimetric analysis
of amide stretching (NHCO). The vibrational bands
at 718 cm–1 can be seen on the spectrum, which
Thermogravimetric analysis (TGA) of the studshows the vibration of CH2 bond and their presence
ied samples was carried out using a TA Instruments
in
the (–CH2)n groups.
Q500 analyser (Perkin Elmer). The results were obWhen we compare the samples of commercial
tained for the temperature range from 25 °C to 600
casein (kaz A) and kaz 2 to sample kaz 1, the ap°C at a heating rate of 10 °C min–1 under the flow of
74
pearance of vibrational band of carboxyl (COOH)
N2 atmosphere. Nitrogen was used as a carrier gas
groups at 3280 cm–1 is evident. The lack of washing
with a constant flow rate of 100 mL during the analmethionine
Met (M) casein sample after itslysine
Lys (K)
precipitation
from the whole
ysis. Three replicates were run for each
sample, and
milk in an acidic medium could explain the occurthe average value was reported. Uncertainty of inirence of these bands. On
the other
tial mass loss and maximum loss ratearginine
temperatures
Arg (R)
histidine
Hishand,
(H) the presence
of the COOH groups in commercial casein could be
was less than 1.3 °C, while char residue uncertainty
attributed to stabilization of the sample in order to
was 1.5 mass % (2s).
prevent its deterioration and prolong durability.
When we compare the samplesFurthermore,
of commercial casein
(kazspectra
A) and kaz
to sample kaz
Scanning electron microscopy
FTIR
of2 samples
kaz1, the
A
–1
and
kaz
2
show
differences
in
the
intensity
of
indiappearance
vibrational band of carboxyl (COOH) groups at 3280 cm is evident. The lack
Scanning electron microscopy (SEM)
wasofutividual vibrational bands, which can be explained by
lized to examine the morphology ofof the
studied
washing casein sample
its precipitation
from the whole
an acidic i.e.
medium
theafter
variety
in the structural
unitsmilk
of inproteins,
in
samples using Tescan Vega 5136 MM at 20 kV with
certain
types
of
amino
acids
that
are
constituent
BSE Detector. The samples were goldcould
sputtered
explain for
the occurrence of these bands. On the other
hand, the presence of the COOH
parts of protein casein15. As it is known from the
examining.
literature
, caseintoshows
a high
degree
ofinheterogroups in commercial casein
could 16–19
be attributed
stabilization
of the
sample
order to
geneity, meaning that it consists of several proteins
prevent its deterioration and prolong durability.
that vary considerably in composition and functions.
Results and discussion
spectrometer, Perkin Elmer, in the range from 4000
to 450 cm–1 with resolution of 4 cm–1.

FTIR analysis

Figure 2 shows the FTIR spectrum of the commercial casein (kaz
A) and the samples obtained by two
various procedures (kaz 1, kaz 2). Casein is composed of 21 various amino
acids (Table 1), and it behaves differently from other proteins; it is highly
flexible and does not form a crystalline structure, and its conformation
resembles a denatured globular protein. In addition, casein creates clusters through aggregation of amino
acids, which results in formation of
hydrophilic and hydrophobic domains. Casein is characterized by vibrational bands at 2920 and 2850

kaz 1

1652
2920

%T

kaz 2

2850

1740

1585

1100

1300

3280

kaz A
3280
4000

3600

3200

2800

2400

2000

1800

1600

1400

1200

1000

800 650

cm–1

F i g . 2 – FTIR spectra of samples kaz 1, kaz 2, and kaz A
Fig. 2 FTIR spectra of samples kaz 1, kaz 2, and kaz A
Furthermore, FTIR spectra of samples kaz A and kaz 2 show differences in the intensity of
individual vibrational bands, which can be explained by the variety in the structural units of
74

bond and their presence in the (-CH2)n groups.

Table 1 Amino acids and their structural formulas
Abbr.

Name
504

Structural formula

Abbr.

Name

Structural formula
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Ta b l e 1 – Amino acids and their structural formulas

glycine

Gly (G)

Name

Abbr.

glycine

Gly (G)

alanine
alanine

valine

valine

leucine
leucine
isoleucine

isoleucine
proline

proline

phenylalanine

tryptophane
phenylalanine

serine

Structural formula

Ala (A)

Ser (S)

Name

Abbr.

serine

Ser (S)

threonine

Ala (A)

Thr (T)

threonine

Val (V)

Thr (T)

cysteine

Cys (C)

Val (V)

cysteine

Leu
(L)(L)
Leu

tyrozine
tyrozine Tyr (Y)
Tyr

Ile (I)

Cys (C)

asparagine

Ile (I)

glutamine

Pro (P)

aspartic acid

Asp (D)
Gln (Q)

glutamine

Phe (F)

(Y)

Asp (D)

asparagine

Pro (P)

Structural formula

Gln (Q)

Asp (D)
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proteins, i.e. in certain types of amino acids that are aspartic
constituent parts of protein casein15. As it
Trp
(W)(F)
Phe

glutamic acid

acid

Glu Asp
(E)

(D)

is known from the literature16–19, casein shows a high degree of heterogeneity, meaning that it
consists of several proteins that vary considerably in composition and functions.

methionine Met
Met(M)
(M)
methionine

tryptophane

lysinelysineLys (K)

Lys (K)

As mentioned previously, the structures of commercial
and precipitated casein are different as
glutamic

Trp (W)

Glu (E)

acid

are the structures of similar fractions. Fractions obtained from commercial casein do not

argininearginine Arg
(R)
Arg (R)

histidine
His (H)
His (H)

histidine

contain a vibrational band of the carbonyl group at 1740 cm–1, but show very weak vibrations

of CH groups at 2920 and 2850 cm–1 (Figure 3), while all fractions of precipitated casein
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contain stronger vibrations of mentioned groups, Figure 4. The peak at 1461 cm–1 indicates

groups,
while
weak
at 1375 cm
As compare
mentionedthe
previously,
structures of casein
When we
samplesthe
of commercial
(kaz
A)the
and
kazvibration
2–1 to sample
kaz–1 (frac1, the

the vibration
of C-H
bond from
CH2 groups,
vibration
at 1375
(fraction of a methylene
tionweak
b kaz
A) relates
to cm
the presence
commercial and
precipitated
casein
are different
as while the
group and a tertiary carbon
are the structures of similar fractions. Fractions ob–1 atom (–CH(CH3)–),
kaz A) relates toband
the presence
of a methylene
group
and
a tertiary
(-CH(CH
appearance
of commercial
vibrational
(COOH)
groups
3280atom
cmgroup
is evident.
lack
Scheme
1. Aatcarbon
methylene
is3)-),
located The
in a few
tained from
casein
doof
notcarboxyl
contain
a vi–1
amino acids (alanine, valine, leucine, isoleucine,
brational band
of the carbonyl group at 1740 cm ,
Scheme 1. A methylene group is located in a few amino acids (alanine, valine, leucine,
and methionine),
theiracidic
presence
in the
but
show
very
weak
vibrations
of
CH
groups
at
of washing casein sample
after its precipitation from
the wholeproving
milk that
in an
medium
–1
casein
fractions
has
a
low
concentration.
3), while proving
all fractions
2920 and 2850
cm (Figure
isoleucine,
and methionine),
that their presence in the casein fractions has a low
of precipitated casein contain stronger vibrations of
If we compare the obtained fractions (α, β, κ
could
explaingroups,
the
occurrence
these
bands.
hand,
the presence
of thecasein,
COOH
concentration.
mentioned
Figure 4. Theof
peak
at 1461
cm–1 On the
and αother
+ κ) of
commercial
and precipitated
it
is evident that β and κ casein have a very similar
indicates the vibration of C–H bond from CH2

groups in commercial casein could be attributed to stabilization of the sample in order to
NH

NH2 O

H2N C NH CH2 CH2 CH2 CH
prevent its deterioration
and prolong durability.

Scheme

1

formula of  casein

kaz 1

C

CH (CH3)2

O

NH CH
R'

C

NH CH

COOH

Structural

n

S c h e m e 1 – Structural formula of b casein
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1100
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2850 cm–1. Furthermore, α + κ fraction
indicates a weaker vibration of the carbonyl group in comparison to α fraction.
This behaviour can be explained by
the fact that k fraction has a different
structural timber20–23 in comparison to α
casein, Scheme 3.

 kaz A
 kaz
kazAA
α+κ kaz A
α+κ
α+κkaz
kazAA
%T
%%
TT

β kaz A
β βkaz
kazAA

Differential scanning calorimetry

Differential scanning calorimetry is
one
of the frequent methods for deterκ kaz A
κ κkaz
kazAA
mining the thermal properties of polymer
materials. Generally, thermal properties
3200
4000 3600
2800 2400 2000 1800 1600 1400 1200
1000
800 650 as well as all other properties of poly3200 2800
3600 3200
4000
4000 3600
2800 2400
2400 2000
2000 1800
1600 1400
1400 1200
1200 1000
1000 800
800650
650
–11800 1600
cm
mers are a reflection of their chemical
–1 –1
cm
cm
composition and structure. By monitorF i g . 3 – FTIR spectra of commercial casein fractions
ing changes in thermal properties, it is
Fig. 3 FTIR spectra of commercial casein fractions
possible to follow the changes in polyFTIRspectra
spectraofofcommercial
commercialcasein
caseinfractions
fractions
Fig.
Fig.3 3FTIR
mer structure. It is important to determine the degradative changes in the milk
 kaz
A 1
 kaz
proteins during their storage, sterilization
 kaz
kaz1 1
and production of dairy products. One of
the aims of this study was to determine
α+κ kaz A
which casein fractions were subject to
 kaz 1

kaz
kaz1 1
modifications due to heat treatment. The
DSC analysis of casein (Fig. 5) indicates
%T
%T
an endothermic processes developing
β kaz A
%%
TT
β kaz 1
β βkaz
kaz1 1
within the 2–40 °C temperature range.
DSC curves show two intensive peaks at
11 °C and 30 °C for kaz 1 and kaz 2,
κκkaz
kazA1
while for the commercial sample of caκ κkaz
kaz1 1
O sein (kaz A)
(CH3)were
peaks
not obO theseCH
2
Kaz
A
shows
the
response
on 2
3200
4000 3600
2800 2400 2000 1800 1600 1400 1200 O
1000
800 650C served.
NH
CH
COOH
NH CH C
–1
3200
4000 3600
800 650
2800 2400 2000 cm1800
1600 1400 1200
1000
°C,
which
can
be
defined
as
the
glass
n
–1
3200 2800
3600 3200
4000
4000 3600
2800 2400
2400 2000
2000cm
1800
1800 1600
1600 1400
1400 1200
1200 1000
1000 800
800
650
N650
R' temperature, T . On the other
–1 –1
transition
cm
cm
g
H
F i g . 4 – FTIR spectra of precipitated casein fractions
hand, the Tg for kaz 1 and kaz 2 may be
Fig. 3 FTIR spectra of commercial casein fractions
at 11 °C, while the second response at
Fig. 4 FTIR spectra of precipitated casein fractions
Fig.
Fig.4 4FTIR
FTIR
spectra
spectraofofprecipitated
precipitated
casein
caseinfractions
fractions
spectrum
with
a single,
extremely
wide, vibrating
approximately 30 °C could be attributed to the beribbon in the field of 1200–1000 cm–1. Such beginning
77 of vaporization of water present in ca kaz 1by the almost similar
haviour can be explained
sein24,25.
structure of these fractions in the observed vibraLiterature data indicate many different values
tional bands area, Scheme 2.
for the glass transition temperature as well as probOn the other hand,
α and
lems in determining Tg of casein because of water

kaz 1α + κ fractions show
evaporation, which appears as a very broad endothe weak multiple bands in the area from 1200 to
thermic peak covering the detection area of glass
1000 cm–1. If we compare β and κ fractions with α
%T
transition24–26. Furthermore, it is also known that cafraction (Figure 4), it is evident that α fraction
β kaz 1
sein shows a glass transition temperature below
shows a weaker vibration of CH groups at 2920 and
H
N

κ kaz 1
O
O
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N
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Fig. 4 FTIR spectra of precipitated casein fractions

S c h e m e 2 – Structural formula of κ casein
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S c h e m e 3 – Structural formula of a casein
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room temperature. The observed samples were
sticky during measurement at ambient temperature,
indicating the rubbery state at this temperature resulting in Tg below room temperature. Generally,
the Tg of synthetic polymers as well as natural poly-

F i g . 5 – DSC curves of samples

mers depends on their molecular weight, i.e. Tg increases with molecular weight27. Therefore, the
glass transition of polymers that have a distribution
of molecular weight is considered to occur over a
wide range of temperatures, and the Tg of those
polymers cannot be reliably detected within the limited sensitivity of an instrument. Molecular weight
of casein moves in a very wide range, i.e. from
33,600 to 375,000 g mol–1 1. In order to precisely
determine the glass transition temperature, a suitable method that could be used would be RHC
DSC, i.e. rapid heat-cool scanning calorimetry28.
Figures 6 and 7 show the thermograms of a
and b fractions of commercial and precipitated casein, respectively. A very intensive peak at approximately 130 °C is observed and it is assumed that it
represents the glass transition of casein, but may
also indicate the temperature of water evaporation.
In this case, it could be a glass transition temperature because a and b fractions do not have a wide
interval of molecular weight distribution, i.e. values
of molecular masses are very close to each other
(Mm a casein = 22 068 to 22 723 g mol–1; Mm β
casein = 23 939 to 24 089 g mol–1), and the Tg can
be precisely determined1. Generally, close values of
molecular masses cause much difficulty during the
separation into individual casein fractions based on
differences in solubility. A narrower endothermic
peak indicates a homogeneous structure of a casein
and low concentration of orthophosphate, as well as
less water content.
Thermogravimetric analysis

F i g . 6 – DSC curves of α kaz A and β kaz A

F i g . 7 – DSC curves of α kaz 1 and β kaz 1

The thermal stability of material reflects its
chemical composition and structure, and it is defined as the ability of a material to keep its basic
physical properties that are required for a particular
purpose during a certain time and at a certain temperature. Thermogravimetric analysis (TGA) is the
most commonly used method to evaluate thermal
stability and mechanism of material degradation.
The results of TG analysis of the studied samples
are shown in Table 2, measured in temperatures
ranging from 25 °C to 600 °C at a heating rate of 10
°C min–1. As it can be seen from the Table 2, multistage decomposition is present except for sample
kaz 1, and that can be explained by the presence of
various ranges of molecular weight which decompose in a certain temperature range.
Since the degradation proceeds at low temperatures for all samples (where the chemical bonds
cannot be broken), it could be attributed to the elimination of the water physically retained by casein26,28. The results show that the first stage of casein degradation develops in the temperature range
from approximately 40–150 °C for all samples,
while the second stage is clearly visible for kaz 2 in

A. Ptiček Siročić et al., Characterization of Casein Fractions…, Chem. Biochem. Eng. Q., 30 (4) 501–509 (2016)
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Higher char residue may be the result of a different
decomposition mechanism. It is assumed that some
synergistic action was related to the formation of a
protective layer during combustion on the sample
Residue/%
surface acting as thermal insulation layer. It reduces
evaporation and diffusion of fuel gases into air, and
27.09
it reduces heat release rate and mass loss rate, thus
12.42
improving thermal properties. If we compare the a
and b fractions of kaz 1 with fractions of commer17.28
82
cial casein (kaz A), we can concluded that a and b
6.56
fractions of kaz 1 are more thermally stable than
fractions
kaz A. of
Forkaz
example,
b fractions
of kazat
17.62
90 °C, while the
same of
fraction
1 begins
degradation
A
start
decomposing
at
90
°C,
while
the
same
frac9.36
tion of kaz 1 begins degradation at 158 °C.

Ta b l e 2 – TGA results of studied samples, initial degradation
temperatures (T95), temperatures of degradation
peaks maximum (Tmax) and char residue
Sample

T95 / °C

Tmax/ °C
Tmax1

Tmax2

Tmax3
321.78

kaz A

84.49

59.99

189.94

kaz 1

104.03

49.25

348.23

kaz 2

92.33

65.06

202.02

346.03

146.25

194.55

238.24

314.07

α kaz A
α kaz 1
β kaz A
β kaz 1

194.84 235.71 318.53
of152.40
kaz A start
decomposing at
90.05

158.41
158
°C.

205.49

304.94

207.74

226.73

313.53

4.03

Scanning electron microscopy

Scanning electron microscopy
Notwithstanding their abundance and countless
number of studies, still there is no unified picture of
the temperature range from 150 – 250 °C followed
theirnumber
structureofand
properties
. Figure
shows
by the third
decompositiontheir
stage.
From the and
initialcountless
Notwithstanding
abundance
studies,
still25–29
there
is no8 unified
the micrographs of commercial casein and sample
thermal degradation temperature (T95 = 85 °C) and
1. It8can
be seen
the casein micelles
have a
the temperature
at their
the maximum
rate25–29. kaz
picture of
structure degradation
and properties
Figure
shows
thethat
micrographs
of commercial
porous
structure
due
to
high
water
content.
General(Tmax = 321 °C), it can be concluded that kaz A
ly, the micelles (usually arranged in a diameter size
shows lower thermal stability than sample kaz 1
casein
and
sample
kaz
1.
It
can
be
seen
that
the
casein
a porous
to
from
50 tomicelles
500 nm)have
contain
about 2structure
g water/gdue
pro(T95 = 104 °C, Tmax = 348 °C). Furthermore, visible
tein, and there were 1014–1016 mL–1 milk29,32. The
changes are observed for the sample kaz 2 in temhigh
water
content.
Generally,
the
micelles
(usually
arranged
diameter
size from
protein fraction
of in
theacasein
micelles,
which50
rep-to
perature interval from 55–220 °C due to the gradual
resents ~93 % of its dry mass, is composed of four
softening of casein followed by its decomposition
16
29,32
components,
denoted
as
in area from
°C. Above
no signif500 220–450
nm) contain
about400
2 g°C,water/g
protein,individual
and theregene
wereproduct
1014–10
mL–1 milk
. The
α1-, α2-, β- and κ-casein, which differ in primary
icant decomposition of samples is observed, reveal29–32
and type, and degree of post-translational
. For allwhichstructure
ing the protein
end of the
thermal
fraction
ofdegradation
the casein micelles,
represents
~93 % of its dry mass, is composed
modification.
studied samples, the obtained biochar (about 10 –
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Figure 8 SEM micrographs of a) kaz A and b) kaz 1
The internal structure of the casein micelles, i.e. showing how the various components are
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cording to three different models advocated in the
literature; i.e. the classical sub-micelle model, the
nanocluster model, and the dual binding model33–35.
Furthermore, the micelles are usually spherical in
shape and their surface is rough. Such rough structure can be seen in Figure 8a, as can the clusters of
micelles formed from a number of aggregated
sub-micelles. Sub-micelles may be connected via a
cluster of calcium phosphate, and thus, the sub-micelle aggregate and form casein micelles. As was
mentioned previously, the structure of casein micelles depends on temperature changes, pH, ionic
strength between the bonds, water activity, etc., followed by the changes in particle size and content of
sub-micelles in casein. However, it can be concluded that the structure of casein micelles is amorphous
in the presence of micelles clusters of various size,
and the porosity of the structure can be affected by
the casein preparation process (also drying process)
to give a casein with lower porosity. Therefore, various parameters of casein preparation have significant effect on the size of the aggregates of casein
micelles and thus its stability and potential use.

Conclusion
Biopolymer casein consists of four principal
proteins, which represent almost the whole casein
content although its structure is very heterogeneous
due to relatively small variations in one or more of
the proteins. Separation of casein samples onto
fractions resulted in the destruction of its structure,
which was confirmed by FTIR analysis. Considering the intensity and shape of specific vibrational
bands, it can be concluded that the structure of
commercial casein significantly differs from the
precipitated casein, as well as their fractions, i.e.
various amino acids that form casein are present in
each sample. The analysis of casein by thermogravimetric method under nitrogen atmosphere shows
multistage decomposition and initial degradation
temperature (T95) indicating better thermal stability
of isolated casein (kaz 1 T95 = 104 °C, kaz 2 T95 = 92
°C ) and its fractions than commercial casein (kaz A
T95 = 84 °C). The results of differential scanning
calorimetry showed quite a low glass transition
temperature of casein samples with the extended
peak indicating heterogeneous structure, which was
confirmed by FTIR analysis. Porous and amorphous
structure of samples is obtained by scanning electron microscopy, and it can be seen that the casein
micelle is roughly spherical, though it does not have
a smooth surface; it consists of smaller units, called
sub-micelles, which contain primarily casein and
have a mixed composition; sub-micelles can aggregate until they form a micelle.
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