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Abstract. In the work, a comparative analysis of the fractional
composition and resistance to thermal denaturation of proteins of two samples
of casein wheys was carried out: the laboratory one, which was obtained at a
temperature of 18°C, and the production one — at a temperature of 46°C. In
both cases, wheys were separated after isoelectric precipitation of casein
complex proteins with hydrochloric acid. Express electrophoresis in a
polyacrylamide gel showed an identical qualitative composition of major and
minor proteins fractions in both samples. Also, no differences were found in
the relative content of the main protein fractions of wheys — B-lactoglobulin (B-
19), a-lactalbumin (a-la), serum albumin (BSA) and immunoglobulins (Ig). To
compare resistance to heat denaturation, samples of laboratory and production
wheys were heated and held for 5 min at temperatures from 60°C to 100°C
with an interval of 5°C. The precipitate of denatured proteins was isolated by
centrifugation. The concentration of proteins in the supernatant was determined
spectrophotometrically and the qualitative and quantitative composition of the
main protein fractions was analysed by express electrophoresis. As a result, it
was established that the concentration of undenatured protein in both wheys
does not coincide in the temperature range of 70-90°C. Laboratory whey
proteins were more resistant to heat denaturation. Moreover, these differences
can be detected only with short-term (5 min) thermal denaturation. Long-term
high-temperature heating (30 min) does not allow them to be detected.
Electrophoretic analysis of the relative content of the main protein fractions
showed that changes in stability occur due to two fractions — B-lg and BSA.
The relative concentration of these fractions in the undenatured residue from
production whey is < 3%, and in the residue from laboratory whey > 8% for
BSA and > 24% for B-lg when heated to 90°C for 5 min. Long-term exposure
of both wheys at 20°C before investigating their resistance to thermal
denaturation may indicate that some of the changes in the stability of
production whey proteins caused by preheating to 46°C are irreversible.
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addition, previously, the effect of high temperatures on

Introduction. Formulation of the problem

Casein whey is a valuable secondary raw material,

whey proteins, which led to significant changes in
functional properties, was mainly studied [2]. Therefore,

which is balanced in the content of the main nutrients, in
particular proteins. Moreover, a significant part of these
proteins exhibits biological activity, and is also a source
of numerous secondary bioactive compounds — peptides
[1]. The biological effect of proteins and peptides of
casein whey is important when using it for the
production of baby food and special purpose products.
Slight heating of milk during its skimming and acid
precipitation of casein does not significantly affect the
functional properties of whey — the amino acid content
of its proteins and digestibility. However, such heat
treatment can affect the native structure and,
accordingly, the biological activity of casein whey
proteins and peptides. When casein production
technologies were developed, little was known about the
biological activity of whey proteins and peptides. In
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the question of identifying the effect of low-temperature
heating, which is used in the production of casein, on the
properties of casein whey proteins is relevant today.

Analysis of recent research and publications

For many years, milk proteins have been a classic
object for studying denaturation processes under the
influence of such factors as pH, ionic strength, and
temperature [3]. The change of these factors
accompanies the production processes of dairy products,
the formation of their rheological properties and
organoleptic indicators [2]. In recent decades, studies of
the milk proteins denaturation processes are closely
related to the discovery of many types of biological
activity inherent for these proteins, as well as the
products of their proteolysis [1]. First of all, it concerns
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the thermal denaturation of proteins, polypeptides and
peptides of milk.

One of the industrially important protein-
containing products of milk processing is casein whey. It
contains all milk proteins, except of the proteins of the
casein complex and a very heterogeneous group of
minor proteins of fat globules [4]. Its composition
includes the following main proteins: B-lactoglobulin (-
lg), o-lactalbumin (a-la), blood serum albumin (BSA) or
serum albumin and immunoglobulins (lIg). Thermal
denaturation of these proteins determines the physical
and chemical changes of casein whey during its heating.
All these proteins differ significantly in their primary
structure, spatial structure and, accordingly, resistance to
thermal denaturation. Therefore, in order to find out the
effect of heating on casein whey, a significant part of the
research concerned the thermal denaturation of
individual protein fractions of milk whey.

In general, whey proteins, unlike caseins, are not
resistant to heat denaturation. According to various
studies, changes in the structure and properties of whey
proteins begin already at temperatures above 65°C. At
temperatures above 70°C, these changes become
irreversible and are fully completed at 100°C [4].
According to other studies, 10 minutes of heating at
95°C is enough to denature all whey proteins [5]. In this
case, the degree of denaturation of whey proteins was
determined by their solubility at pH 4.6 in a saturated
NaCl solution. According to this criterion, sensitivity to
heating increases in the following order: a-lactalbumin >
B-lactoglobulin > serum albumin > immunoglobulins.
According to differential scanning calorimetry, this
order has the following form: immunoglobulins > (-
lactoglobulin > a-lactaloumin > serum albumin.
Moreover, denaturing changes in a-lactalbumin begin
when the temperature reaches 62°C, and in (-
lactoglobulin — at 75°C [6]. Also, the resistance of whey
proteins to thermal denaturation depends on many
factors: the method of heating, composition of the
medium, pH, duration of heating, pretreatment of milk
or whey [7,8].

In the case of casein whey, the effect on
denaturation of a weakly acidic pH value of about 4.6,
as well as preliminary low-temperature heating to 40—
45°C during milk skimming and to 45-46°C during
casein precipitation, is primarily relevant. The method of
heating has a certain influence on the processes of whey
proteins denaturation. In general, when considering B-1g,
direct steam heating causes less denaturation compared
to indirect heating. Depending on the pH, whey proteins
are the least sensitive to heating at acidic pH values in
the range of 2.5-3.5, as well as more than 6.5. The
lowest resistance to thermal denaturation is manifested
at pH values close to the a-la isoelectric point (pH 4.5),
as well as in the range 5.8-6.2 [2, 4].

To understand the general picture of whey proteins
thermal denaturation, it is important to consider the
contribution of their main components to this process: -
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lg, a-la, BSA and Ig. First of all, this applies to B-Ig,
which constitutes about 50% of milk whey proteins.
According to the four-stage thermal denaturation
scheme of B-lg [9], when its solution is heated to 40°C,
its dimers transform into monomers (I stage). After
achieving a temperature of 65°C, the tertiary and
partially secondary structure of the B-lg molecule
changes with increased availability of sulfhydryl groups
of cysteine residues (stage II). The third stage (>70°C) is
accompanied by the formation of intermolecular
disulfide bonds and, accordingly, aggregates consisting
of two or more B-lg molecules. During the fourth stage
(>80°C), aggregation continues due to the formation of
hydrophobic interactions between nonpolar amino acid
residues. The first two stages are reversible, and changes
in the structure fixed by covalent bonds and
hydrophobic interactions of stages Il and IV are
irreversible. Thermal denaturation of B-lg is more active
at pH values of about 4.5, where hydrophobic
interactions play a greater role [10,11].

The initial temperature of denaturation of the
second milk whey protein - a-la is 62°C [9]. However, it
is the most heat-resistant whey protein. This is due to the
presence of eight cysteine residues and, accordingly,
four disulfide bonds in the primary structure of a-la. At
the same time, there are no free sulfhydryl
groups [12,13]. Such features of the primary structure of
a-la provide it a high ability to reverse denaturation [9].
Analogous stages of a-la denaturation take place at
much higher temperatures if compare a-la and p-1g, [14].
At the same time, irreversible changes in the spatial
structure of a-la when heated even to 100°C can reach
only 50%. Calcium ions also play an important role in
the processes of thermal denaturation and renaturation
of a-la [15]. Unlike B-lg, a-la exhibits the highest
resistance to thermal denaturation at pH values of about
4.8. Further, it decreases when the pH changes to the
acidic values.

Two other main fractions of milk whey proteins —
BSA and 1gG are less resistant to heat. Their initial
denaturation temperatures are 64°C and 72°C,
respectively [9]. The course of thermal denaturation of
BSA resembles the same of B-lg. However, this protein
begins to form aggregates at a lower temperature than [3-
Ig [16]. Irreversible changes during thermal denaturation
of BSA occur at temperatures above 60°C.
Immunoglobulins are the most sensitive to thermal
denaturation in terms of solubility. According to
scanning calorimetry, immunoglobulins are more stable
than B-lg. But regardless of this, it is important that Ig
loses its biological activity already at 72°C [17,18].
Also, the important minor protein of milk whey —
lactoferrin (Lf) — begins to lose numerous biological
activities at temperatures above 60-65°C [19].

So, the influence of temperature above 45-50°C on
the structure and properties of milk whey proteins and,
in particular, casein whey, is described in sufficient
detail in the scientific literature. Therefore, the possible

Volume 18 Issue 1/2024



Ximis xap4osux npodyxkmis i mamepianie. Hosi sudu cuposuru / Chemistry of food products and materials. New raw materials

influence of low temperatures (< 50°C) is actual, since
such temperatures are used in the processes that precede
the casein whey obtaining.

The purpose of the work is to establish the effect
of low-temperature heating on the resistance of casein
whey proteins to thermal denaturation. To achieve this
goal, the following tasks must be solved:

- obtain a control sample of whey after low-
temperature heating;

- characterize the peculiarities of the fractional
composition of casein whey proteins after low-
temperature heating;

- to conduct a comparative analysis of resistance to
heat denaturation at different temperatures of casein
whey proteins obtained without heating and with low-
temperature heating.

Research materials and methods

Skimmed milk with an acidity of 18°T and
production casein whey (pH 4.6) from PJSC “Ternopil
Dairy Factory” were used in the work.

Proteins of the casein complex were isolated from
skimmed milk by isoelectric precipitation at pH 4.6
hydrochloric acid. Caseins were precipitated by
centrifugation at 3000 rpm on an OPN-8 centrifuge. The
precipitate was washed with distilled water and
dissolved by adding 1 N NaOH with stirring at pH
values less than 10. To purify the casein complex
proteins from whey proteins and proteose-peptone
fraction components, reprecipitation was carried out
twice.

Laboratory whey samples were obtained after
isoelectric precipitation of casein. When using whey
proteins as a control during electrophoresis, they were
purified from low-molecular-weight compounds and
transferred to the environment of the electrophoretic
buffer by gel filtration on a Sephadex G-25 column.

The concentration of caseins and whey proteins
was determined by absorption at a wavelength of A=280
nm on a SF-46 spectrophotometer. The protein
concentration in the samples was calculated using the

following absorption coefficients (D} ): 12.3 for milk

whey proteins and 8.2 for casein complex proteins [4].
Mathematical and statistical processing of research
results was carried out using Microsoft Office Excel
2007 software packages. The fractional composition of
whey proteins, the casein complex, as well as proteins of
the undenatured residue after whey heating was
analyzed by express electrophoresis in a polyacrylamide
gel under native conditions [20]. Quantitative processing
of electrophoregrams was carried out using the function
of reading graphic images imread.

Results of the research and their discussion

To determine the effect of low-temperature heating
on the fractional composition of casein whey, samples
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were taken from one batch of milk from the PJSC
“Ternopil Dairy Factory”. Casein was precipitated from
one sample of such at the isoelectric point (pH 4.6) with
hydrochloric acid at a temperature of 18°C in laboratory
conditions. This whey was used as a control sample for
further studies. The resulting casein was reprecipitated
twice and used as a marker protein for electrophoretic
analysis. The second whey sample was production
casein whey from PJSC “Ternopil Dairy Factory” after
casein separation using hydrochloric acid at a pH of 4.6
and heating to 46°C. The results of express
electrophoresis in the native conditions of these samples
are presented in Fig. 1.

1 2 3
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Fig. 1. Electrophoregrams of control laboratory whey (1),
production casein whey (2) and casein preparation (3).
M1 and M2 are unidentified minor fractions

Proteins of casein complex are absent in both
whey samples, as can be seen on the electrophoregram.
Also, the qualitative fractional composition of whey
proteins in both samples is identical. However, the
bands of minor proteins, as M1 and M2, are less
expressed in the production whey sample. For more
accurate detection of quantitative differences in the
composition of protein fractions, their densitometry
was carried out (Tables 1 and 2). In general, it can be
noted that the quantitative differences for the main
fractions (B-lg, a-la, BSA, 1g) are insignificant.

Selected samples of casein whey (laboratory and
production) were further tested for resistance to
thermal denaturation by holding for 5 min at
temperatures from 60 to 100°C with an interval of 5°C.
Denatured proteins were precipitated by centrifugation
(3000 rpm), and the supernatant was filtered. Further, it
was experimentally determined that it needs to be
diluted 30 times for spectrophotometry at a wavelength
of 280 nm. It is such dilution that allows to obtain
optical density values in the range from 0.2 to 0.6 and
provides a direct dependence of optical density values
from protein concentration. The results of research on
the resistance of laboratory and production casein
wheys to thermal denaturation are shown in Fig. 2.
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Table 1 — The content of the main protein fractions in the residue of undenatured proteins of laboratory
casein whey after short (5 min) heating at 70, 80, 90 and 100°C (M+m, n=5)

. The content of protein fractions (%)
Wr;gc‘:irgr:em Control Holding of laboratory whey for 5 minutes at temperature:
laboratory whey 70°C 80°C 90°C 100°C
B- lactoglobulin 39.0+4.5 43.1£3.9 42.4+3.6 Traces * Traces *
a- lactalbumin 17.1£2.1 19.3+1.2 23.9+1.5 43.542.2 35.06£1.5
8
Serum albumin 9.8+1.2 5.6+0.5 4.0+0.3 Traces * Traces *
Immunoglobulins 16.5+1.4 5.5+0.3 Traces * Traces * Traces *

* less 3%

Table 2 — The content of the main protein fractions in the residue of undenatured proteins of production
casein whey after short (5 min) heating at 70, 80, 90 and 100°C (M+m, n=5)

. The content of protein fractions (%)
Whey prqtem Control Holding of production whey for 5 minutes at temperature :
fraction | jaboratory whey 70°C 80°C 90°C 100°C
B- lactoglobulin 41.144.0 43.344.1 50.1+ 4.5 24.2+1.4 Traces *
a- lactalbumin 17.3+1.9 19.4+1.6 28.3+2.3 29.3+1.6 36.4+1.5
Serum albumin 10.2+1.4 7.940.4 8.5+0.6 8.3+0.7 8.9+0.5
Immunoglobulins 17.1£1.0 5.7+0.5 Traces * Traces * Traces *
* less 3%
E 0 possibility of such changes was indicated in

0.7 1

0.6 1

0.5 1
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Fig. 2. The change of optical density of the solution of
undenatured proteins of laboratory (1) and production
(2) casein wheys after short-term (5 min) heating

As can be seen in the graphs, the values of the
concentration of undenatured protein for both whey
samples do not coincide. The difference is especially
noticeable in the temperature range from 70 to 90°C. In
general, laboratory whey proteins are more resistant to
heat denaturation under such conditions. It is obvious
that low-temperature heating of production whey to
46°C during casein separation can cause the first stages
of denaturation changes in the protein structure. The
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publications [9,13]. Such changes can reduce
resistance to high-temperature thermal denaturation.
Taking into account the holding duration of production
casein whey at room temperature (3—4 hours) before
research conducting — they may be irreversible.

Taking into account the heterogeneous
composition of casein whey proteins, an
electrophoretic analysis of the undenatured protein
residue was performed after heating for 5 minutes at
70, 80, 90 and 100°C. Typical electrophoregrams of
undenatured proteins of both types of whey are shown
in Fig. 3 and 4.

According to the qualitative composition of the
protein fractions, it is possible to note the absence
(traces) of B-lg in the production whey after heating at
90 and 100°C. On the electrophoregram of laboratory
whey a band that corresponds to B-lg after heating at
90°C is clearly visible. Also, on the electrophoregram
of laboratory whey, unlike production one, the BSA
band remains after heating at 90°C and to a lesser
extent at 100°C. Qualitative changes of other fractions
during heating are similar for both whey samples. This
concerns to Ig, a-la and PP3. Moreover, the coloration
intensity of the PP3 band fractions does not change
starting from a temperature of 70°C.

Quantitative assessment of the undenatured main
protein fractions (B-lg, a-la, BSA, 1g) ratio based on
densitometry of five electrophoregrams of each type of
casein whey after short-term heating at 70, 80, 90 and
100°C is shown in table. 1 and 2. The dependence of
the relative content of the main protein fractions in the
undenatured residue on the heating temperature is
complicated by a simultaneous decrease in the content
of minor proteins and polypeptides. They also
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gradually lose their solubility (except for the proteose-
peptone fraction components) [4]. However, in general,
they show greater resistance to heating and their
content in the undenatured residue at high temperatures
(80-100°C) is more than 50% of all proteins.

1 2 3 4 5

Fig. 3. Electrofogram of control laboratory casein whey

proteins (1) and undenatured proteins of the same whey

after heating (5 min) at 70°C (2), 80°C (3), 90°C (4) and
100°C (5)

Ig

PP3
Ml
M2

BSA
a-La

pLg

Fig. 4. Electrofogram of production casein whey proteins (1)
and undenatured proteins of the same whey after heating (5
min) at 70°C (2), 80°C (3), 90°C (4) and 100°C (5)

When considering individual fractions, it is
possible to note the similarity of the relative content of
immunoglobulin and a-lactalbumin in the undenatured
residues of both types of casein whey (tables 1 and 2).
A certain increase in the relative content of a-la
(43.5£2.2%), when the production whey was heated to
90°C (Table 2), is explained by the almost complete
absence of undenatured B-lg under these conditions.
The higher resistance of a-la to heating was shown
earlier [14]. The BSA of the laboratory whey was more
resistant to heating (>80°C) compared to the BSA of
the production casein whey. The biggest differences
were established for B-lg. This fraction is present in
significant amounts (24.2+1.4%) in the undenatured
residue of laboratory whey after heating for 5 minutes
at 90°C. In the production whey under such conditions,
B-lg is practically absent (Table 2).
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The influence of preliminary low-temperature
heating on the resistance of casein whey to heat
denaturation can be detected only with short-term
heating to high temperatures. During long-term heating
of both samples of casein whey in the range from 60 to
100°C, no differences in the concentration of
undenatured proteins were found (Fig. 5). It can mean
that long-term heating at high temperatures cancels
differences in the properties of whey proteins caused
by previous low-temperature heating.

The obtained results also indicate that both
reversible and irreversible changes in the structure of
milk whey proteins occur during low-temperature
heating. Reverse changes do not affect the resistance of
whey proteins to high-temperature denaturation. Since
we found such an effect, part of the changes in the
structure of whey proteins can be attributed to
irreversible changes in the case of preliminary low-
temperature heating to temperatures below 50°C.

E 280

0.6 1

0.5 1

0.4 4

0.3 1

0.2

55 60 65 70 75 80 85 90 95 100

Fig. 5. The change of optical density of the solution of
undenatured proteins of laboratory (1) and production
(2) casein wheys after long-term (30 min) heating

Approbation of research results. The obtained
results are used at PJSC “Ternopil Dairy Factory” in
the processing of casein whey, as well as in the
laboratory of milk biochemistry of the Ternopil lvan
Puluj National Technical University in the isolation of
biologically active proteins and peptides from milk
whey.
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Conclusions residue after high-temperature heating showed that

changes in stability occur due to B-lactoglobulin and

> serum albumin (BSA). The relative concentration of

conclusions can be made: _ these fractions in the undenatured residue from
- _Iow—temper_ature heating up to 50°C 0_'”““9 production whey is <3%, and in the residue from

production of casein whey leads to a decrease in the laboratory whey >8% for BSA and >24% for B-Ig

resistance of its proteins to high-temperature |\ hen heated to 90°C for 5 min.

denaturation in the temperature range (70-100°C) (5 _ long-term holding of both wheys at 20°C before

mion) in comparison with whey proteins obtained at  he study of their resistance to heat denaturation shows
18°C in laboratory ~conditions. Long-term high- st some of the changes during the previous low-
temperature treatment of wheys does not allow such temperature heating to 50°C can lead to irreversible

changes to be detected. _ _ changes in the structure and properties of casein whey
— electrophoretic analysis of the relative content

As a result of the research, the following

. . . proteins.
of the main protein fractions of the undenatured
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BILJIMB HU3bKUX TEMIIEPATYP HAT'PIBAHHS HA BLUIKA
KA3EIHOBOI CUPOBATKHA

B. IOkaso, nokrop Gionoriunux Hayk, npodecop, E-mail: yukalo2007@gmail.com

K. launummH, KaHIuIaT TEXHIYHUX HayK, qoieHt, E-mail: katkostyuk3103@gmail.com
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Kagenpa xapuoBoi 6GioTexHOMOTii 1 XiMii

TepHomiNECHKMIT HalliOHATIBEHUN TEXHIYHUH yHiBepcuTeT iMeHi IBaHa [Tyimos

ByJ. Pycebka, 56, M. TepHominb, Ykpaina, 46001

AnoTanisi. Y po6oTi npoBeieHo NOPiBHUIBHUH aHaA3 (paKkmifHOro CKIaIy 1 CTIHKOCTI 0 TEIJIOBOI IeHaTypamnii OiIKiB
Ka3eTHOBHX CHPOBATOK: JabopaTopHoi, sika Oysla oTpuMmaHa rpu Temrepatypi 18°C, i BupoO6HuU0i — npu temmeparypi 46°C. B
000X BHUITQJKaX CHPOBATKH BN IICHS 130€JCKPUYHOTO OCA/UKEHHS OLTKIB Ka3e{HOBOTO KOMIUIEKCY XJIOPOBOJHEBOIO
KHCoTOI0. EKcmpec-enekTpodopes B MOMiaKpUIIaMiTHOMY Telli MOKa3aB iICHTHYHHN SKICHUH CKJIaJ OCHOBHHX 1 MiHOPHHX
OiNKiB B 000X cupoBaTKax. Takox He BHSABIECHO BIIMIHHOCTEH y BiTHOCHOMY BMICTi OCHOBHHX OUTKOBHX (pakiili CHpOBATOK:
B-nmakrornoOyiny (B-19), o-makrans6yminy (o-la), ans6yminy cuposatku (BSA) ta imyHorno0yminis (Ig). Jist mopiBHAHHS
CTIMKOCTI 10 TEIIOBOI AeHaTypalii 3pa3ku JabopaToOpHOi i BUPOOHMUYOI CHPOBATOK HArpiBaIM i BUTPUMYBAIH 5 XB IpPHU
temmeparypax Bix 60°C mo 100°C 3 inmtepamom 5°C. Ocan AeHaTypoBaHHMX OiNKIB BigALLUIM UEHTpUYTyBaHHSIM.
KoHueHnTpanito OinkiB B CymepHAaTaHTI BH3HAYaJM CIEKTPO(POTOMETPHYHO 1 aHANi3yBaJld SKICHHH Ta KUTBKICHHH CKIan
OCHOBHHX OinKoBHX (pakiiii ekcrpec-enekTpodope3oM. Y pe3ynbTaTi BCTAaHOBICHO, IO KOHIIEHTPALlsl HEAEHATYPOBAHOTO
Oinka B 000X cHpOBaTKax He CHiBIagae B pmiama3oHi temmeparyp 70-90°C. Bimem CTIHKMMH 10 TEIUIOBOI JAeHaTypamii
BUSIBIJINCH OLTKHM JtabopaTopHOi cupoBaTky. [IpnuoMy Ii BiIMIHHOCTI MOKHA BHSIBUTH JIMIIE IPU KOPOTKOTPHBAIIiH (5 XB)
TeIUIoBiH jmeHaTypanii. JloBroTpuBane BHcOKoTeMmeparypHe HarpiBanHs (30 XxB) He J03BOJS€ iX  BHSBHUTH.
Enextpodoperrnunnii aHai3 BiTHOCHOTO BMICTY OCHOBHUX OUIKOBHX (ppakiliii MOKa3aB, IO 3MiHH y CTIHKOCTI BiIOYyBarOThCS
3aBskd qBoM (ppakuism — B-1g i BSA. BigHocHa koHIeHTpamist ux (Gpakiiii B HeJeHATYPOBAHOMY 3aIHIIKY 3 BUPOOHUYO]
cupoBatku < 3%, a B 3alHIIKy 3 JabopaTopHOi cupoBatku > 8% — miast BSA i > 24% mas B-lg npu Harpisauui o 90°C
mpotsiroM 5 xB. TpuBane BuTpuMyBaHHA 000X cupoBaTok mpu 20°C mepen AOCTILKEHHSAM IX CTIMKOCTI O TEIIOBOI
JeHaTypamii MoXKe CBIYMTH, IO YacTHHA 3MiH Yy CTIHKOCTi OiJKiB BUPOOHMYOI CHPOBATKH, SIKi CIIPHYMHEHI MONEpeIHiM
HarpiBaHHIM 710 46°C, € HE3BOPOTHUMU.

KurouoBi ciroBa: npoTeinu ka3eiHOBOI CHPOBATKH, HAarpiBaHHS, TEIUIOBA CHATYPALLisl.
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