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ABSTRACT

Background. The aim of this research was to observe the changes which take place in the electrophoretic
picture of milk proteins after pasteurisation and inoculation with different starter cultures (both traditional
and probiotic). After incubation, the yoghurt, kefir, acidified milk, fermented Bifidobacterium bifidum drink
and Lactobacillus acidophillus drink were chilled for 14 days to observe the changes which occurred.
Materials and methods. The research materials were raw and pasteurised milk, as well as fermented milk-
based drinks. The raw milk used for research came from Polish Holstein-Fresian black and white cows. The
milk was sampled 3 times and divided into 5 parts, each of which was pasteurised at 95°C for 10 min and then
cooled for inoculation: yoghurt to 45°C, kefir and acidified milk to 22°C and drinks with Bifidobacterium
bifidum and Lactobacillus acidophillus to 38°C. Milk was inoculated with lyophilised, direct vat starter cul-
tures, in an amount equal to 2% of the working starter. For the production of fermented drinks, the subsequent
starters were applied: “YC-180” Christian Hansen for yoghurt, “D” Biolacta-Texel-Rhodia for kefir, CH-N-
-11 Christian Hansen for acidified milk, starter by Christian Hansen for the probiotic Bifidobacterium bifidum
milk, starter by Biolacta-Texel-Rhodia for the probiotic Lactobacillus acidophillus milk. The analyses were
conducted in raw, pasteurised and freshly fermented milk as well as in milk drinks stored for 14 days. The
total solid content was estimated by the drying method; the fat content by the Gerber method; the lactose
content by the Bertrand method; the protein content by the Kjeldahl method with Buchi apparatus; the density
of milk was measured with lactodensimeter; acidity with a pH-meter; and potential acidity by Soxhlet-Henkl
method (AOAC, 1990). The electrophoretic separation of proteins in raw and pasteurised milk, as well as in
freshly produced milk drinks and those stored for 14 days, was performed with SDS-PAGE (on polyacryla-
mid gel) basing on procedure described by Laemmli (1970).

Results. It was shown that, in comparison with raw milk, the pasteurised milk had smaller amounts of as-,
B- and k-casein, whereas the shares of y-casein and peptides were greater, and there were no changes in
immunoglobulin, a-lactalbumin or B-lactoglobulin levels, which indicated that hydrolysis of caseins had oc-
curred. In all freshly fermented milk drinks, a drop in as- and 3-casein was observed relative to raw milk. An
increase in peptides and y-casein was also noticed (with the exception of acidified milk). There were differ-
ences in a-lactalbumin and B-lactoglobulin levels between the different drinks: raw, pasteurised or freshly fer-
mented milk. It was shown that kefir, compared to the other drinks, had the lowest levels of as- and B-casein,
a-lactalbumin and of peptides, as well as the highest level of y-casein, which is evidence of an increased rate
of hydrolysis in that drink. It was stated that, during the storage of fermented milk drinks, the levels of lacto-
ferrin, serum albumin and peptides significantly increased whereas the content of k-casein diminished. The
proportions of serum albumin and lactoferrin in fermented milk drinks increased relative to raw milk and/or
after storage, which is evidence of aggregation of proteins of low molecular mass into bigger conglomerates.
Conclusion. The observed differences between fermented milks, including during chilled storage, in the
amounts of individual proteins proves the different proteolytic abilities of starter cultures used in fermented
milk production. a-lactoalbumin and p-lactoglobulin are, besides caseins, the most allergenic milk proteins.
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So, kefir, because of its low a-lactoalbumin content, and Bifidobacterium bifidum milk, with the lowest con-
tent of B-lactoglobulin, were the most advantageous and least allergenic drinks examined.
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INTRODUCTION

Milk proteins are characterised by diversity in their
construction, structure, dimensions (molecular weight),
amino acid composition, origin and also by their nu-
tritional value, functional properties etc. (Caira et al.,
2012; Creamer, 2003; Ng-Kwai-Hang, 2003; Pinto
et al., 2012; Szwajkowska et al., 2011). Various tech-
niques used to separate proteins demonstrate that, in
dairy products, there were proteins and their compo-
nents, peptides and other ammonium-containing com-
pounds. It was also possible to estimate their molecular
weights — from about 14 thousand kDa (o-lactalbumin)
to 1,430 thousand (immunoglobulins). A molecular
weight lower than 14 thousand kDa was demonstrated
by some peptides, proteoses, peptones and amino ac-
ids (Ng-Kwai-Hang, 2003). Among the many milk
proteins synthesised in milk glands, genetic variations
were observed, the extent of which is becoming more
evident with the development of separation techniques
(Barlowska et al., 2012; Creamer, 2003; Ng-Kwai-
-Hang, 2003).

Milk proteins can undergo many changes, e.g. co-
agulation (enzymatic, acidic) and denaturation, and
can also be subjected to interactions with other pro-
teins and/or milk components (i.e. when high tempera-
tures are applied). They can also enter into hydroly-
sis with native milk enzymes and/or microbiological
proteases, peptidases and others. The transformations
of proteins are key to obtaining accurate information
about the properties of dairy products such as cheeses
and fermented drinks. Proteins can be also used by
harmful or pathogenic microorganisms to support their
metabolism, which has an adverse effect on the dairy
product and sometimes leads to the creation of hydro-
lysed products which are harmful to humans (Caira
et al., 2012; Crudden et al., 2005; Ismail and Niels-
en, 2010; Ng-Kwai-Hang, 2003; Szwajkowska et al.,
2011). Milk proteins subjected to hydrolysis can be also
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a source of biologically active peptides with different
and pro-health properties (Meisel, 1997; Meisel, 1998;
Szwajkowska et al., 2011). It was proven that protein
hydrolysis accompanied by lactic acid milk fermenta-
tion evoked by starter cultures can reduce the allergenic
properties of milk (Liu et al., 2012; Pinto et al., 2012;
Sfaxi et al., 2012; Tzvetkova et al., 2007; Szwajkowska
etal., 2011; Wroblewska and Kaliszewska, 2011). Caira
et al. (2012), presenting the list of allergenic factors in
milk, mentioned all proteins the exception of immuno-
globulins, serum albumin and lactoferrin. At the same
time Wroblewska and Kaliszewska (2011) described all
milk proteins as allergens.

The initial stages of milk protein hydrolysis are
initiated by proteases. The most widely known milk
proteases are: alcalic (plasmin) and acidic. Microor-
ganism proteases can cause hydrolytic changes as
well. During the production of fermented milk drinks,
hydrolysis is performed by enzymes of lactic acid-
fermenting bacteria. The microbiological composition
of starter cultures can determine the range, as well as
the development of, protein hydrolysis, and the com-
position of peptides and other products that form af-
ter hydrolysis, because the proteolytic activity of the
starter microflora is different (Alhaj et al., 2007; Ber-
trand-Harb et al., 2003; Liu et al., 2012; Pescuma et
al., 2008; Pescuma et al., 2012; Reguta and Bonczar,
2005; Sfaxi et al., 2012; Tzvetkova et al., 2007; Yadav
et al., 2007).

The aim of the research was to observe the changes
taking place in the electrophoretic picture of milk pro-
teins after pasteurisation and inoculation with different
starter cultures (both traditional and probiotic). After
incubation, the yoghurt, kefir, acidified milk, ferment-
ed Bifidobacterium bifidum drink and Lactobacillus
acidophillus drink were chilled for 14 days to observe
the changes which occurred.
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MATERIALS AND METHODS

Materials

The research materials were raw and pasteurised milk,

as well as fermented milk products. The raw milk

used for research came from Polish Holstein-Fresian
black and white cows. It was sampled three times, at
one-week intervals, at a barn situated near Krakow

(Matopolska, Poland). Each batch contained about

10 1 of milk. Then the milk was divided into 5 parts,

each of which was pasteurised at 95°C for 10 min and

then cooled for inoculation: for yoghurt to 45°C, for
kefir and acidified milk to 22°C, and for drinks with

Bifidobacterium bifidum and Lactobacillus acidophil-

lus to 38°C. Milk was inoculated with lyophilised di-

rect vat starter cultures, in an amount equal to 2% of

the working starter. For the production of fermented
drinks, the subsequent starters were applied:

* “YC-180 containing Streptococcus thermophilus
and Lactobacillus delbrueckii ssp. bulgaricus by
Christian Hansen for yoghurt

*  “D” containing Lactobacillus sp., Lactococcus sp.,
Candida kefir, Kluyveromyces fragilis by Biolacta-
-Texel-Rhodia for kefir

*  CH-N-11 containing Lactococcus lactis ssp. cre-
moris, Lactococcus lactis ssp. lactis, Lactococcus
lactis ssp. diacetilactis, Leuconostoc mesentero-
ides, ssp. cremoris by Christian Hansen for acidi-
fied milk

 starter by Christian Hansen for the probiotic Bifi-
dobacterium bifidum drink

» starter by Biolacta-Texel-Rhodia for the probiotic
Lactobacillus acidophillus drink.

Yoghurt incubation was performed at 45°C for 6 h
(hours); kefir and acidified milk at 22°C for 16 h; pro-
biotic drink at 38°C for 12 h. After obtaining pH 4.7,
the drinks were cooled and stored for 14 days at 4°C.

The analyses were conducted in raw, pasteurised
and freshly fermented milk, as well as in milk drinks
stored for 14 days.

Analytical methods

The total solid content was estimated by the drying
method; the fat content by the Gerber method; the lac-
tose content by the Bertrand method; the protein con-
tent by the Kjeldahl method with Buchi apparatus; the
density of milk was measured with lactodensimeter;
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active acidity with a pH-meter; and potential acidity
by Soxhlet-Henkl method (AOAC, 1990).

The electrophoretic separation of proteins in raw
and pasteurised milk, as well as in freshly produced
milk drinks and those stored for 14 days, was per-
formed with SDS-PAGE on polyacrylamid gel ac-
cording to method described by Laemmli (1970).
The separation was conducted with the use of the
Mini Protein 3 Cell apparatus (by Biorad). The gels
were dyed with R250 Coomassie blue, and the elec-
trophoretic stripes of separated protein fractions
were scanned and analysed with electrophoresis gel
analysing software Gelscan v. 2.0 (by Kucharczyk),
which allowed the quantitative estimation of sepa-
rated protein fractions. The standards for qualitative
comparison and identification of the protein fractions
were provided by Sigma-Aldrich.

Statistical analysis

The statistical analysis of the results was performed
by calculating the arithmetic means and the standard
errors for raw milk. The results concerning the elec-
trophoretic separation of proteins in raw, pasteurised
milks and freshly fermented drinks were elaborated
through calculation of ANOVA. In order to estimate
the influence that storage time and method of drink
preparation have on the electrophoretic decomposition
of proteins, the 2-factor MANOVA was performed.
The statistical significance of differences between
means was estimated with post-hoc Duncan test. The
licensed version 9 of Statistica (StatSoft Inc.) software
was used for all calculations.

RESULTS AND DISCUSSION

The raw cow’s milk used for the production of fer-
mented milk drinks, after pasteurisation, contained on
average: 12.41% +0.85 of total solids, 3.21% +0.18 of
protein, 3.85% +0.54 of fat and 4.70% +0.32 of lac-
tose. The pH of the milk was 6.65 £0.05, the titratable
acidity was 6.80*SH £0.75 and the density was 1.0295
g/cm?® £0.0001. The levels of the above-mentioned pa-
rameters were in accordance with other authors’ find-
ings (Barlowska et al., 2011).

The proportion of individual protein fractions [g/1]
in raw, pasteurised and freshly fermented milks are
presented in Table 1.
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Ng-Kwai-Hang (2003) reported that cow’s milk
contained about 12.6 g/l of as-casein, 9.3 g/l of
B-casein, 3.3 g/l of k-casein, 3.2 g/l of B-lactoglobulin,
1.2 g/l of a-lactalbumin, 0.4 g/1 of serum albumin and
0.8 g/l of immunoglobulins. In comparison to the data
presented above, this experimental raw milk contained
less B-casein and os-casein and more k-casein and
whey proteins. In raw milk, some peptides were also
present (Table 1). The differences in protein composi-
tion between our data and data from our cited sources
could be influenced by genetic factors and the feeding
system (Bartowska et al., 2012; Brodziak at al., 2015;
Kroél et al., 2011; Kuczynska et al., 2012a; Kuczynska
et al., 2012b), and/or by partial hydrolysis of proteins,
which was supported by the presence of peptides in
the examined milk. This hydrolysis could be the re-
sult of native milk enzyme activity (plasmin) and/or
proteases originating from incidental milk microflora
(Crudden et al., 2005; Ismail and Nielsen, 2010; Yasser
et al., 2010). During electrophoresis, as a result of hy-
drolysis, some peptides with a molecular mass similar
to alpha-albumin could be produced, which, when the
proteins were separated, was found in the same band.

In pasteurised milk, the share of as-, -, k-caseins
was slightly diminished (statistically significant for
k-casein), and the emergence of y-casein was ob-
served. As we have already discussed, the y-caseins
are parts of -casein and are formed during milk hy-
drolysis by plasmin. It was observed that plasmin
hydrolytic activity diminishes after pasteurisation,
sometimes by more than dozens of percent, but the
activator of plasminogen inhibitor denatures, which
allows for the activation of plasminogen which in turn
transforms into plasmin and the hydrolysis of casein
continues. Plasmin most often shows the tendency to
hydrolyse B-casein, but it was also observed that it
acted against other caseins, with little or no activity
against a-lactalbumin and B-lactoglobulin (Crudden
et al., 2005; Ismail and Nielsen, 2010; Yasser et al.,
2010). According to Lorenzen et al. (2011) the con-
tent of proteins in pasteurised milk was not different
from that in raw milk, and only the ratios of individual
proteins is changed as a result of denaturation and in-
teractions between proteins. The small increase in se-
rum albumin and/or lactoferrin content in pasteurised
milk observed in this experiment could be caused by
smaller proteins combining into larger aggregates.
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The statistically significant increase in peptides
which was observed in pasteurised milk was probably
linked to the hydrolysis of casein proteins, because the
levels of whey proteins was not changed. This con-
firms the statement that plasmin does not hydrolyse
whey proteins (Ismail and Nielsen, 2010; Yasser et al.,
2010).

The contents of immunoglobulins and as- and
B-caseins decreased significantly, whereas the con-
tents of serum albumins and peptides increased in
all freshly prepared fermented milks in comparison
to pasteurised milk (Table 1). The biggest decrease
in os- and B-caseins and o-lactalbumin levels was
observed in kefir, where an increase of y-casein
was also noticed. The contents of lactoferrin and
B-lactoglobulin in milk and fermented milks did not
change statistically (Table 1).

The influence of starter cultures on the level and
character of proteolysis was investigated by other au-
thors, who observed the variety of proteolytic abilities
depending on microbiological starter culture compo-
sition (Alhaj et al., 2007; Bertrand-Harb et al., 2003;
Sfaxi et al., 2012). In some papers, milk rods were
found to have stronger proteolytic abilities than milk
cocci (Bertrand-Harb et al., 2003; Sfaxi et al., 2012).
It was also mentioned that Lactobacillus milk rods
had weaker hydrolytic abilities against as-casein than
against (-casein (Sfaxi et al., 2012). The results ob-
tained in this experiment revealed that Lactobacillus
acidophilus hydrolysed 26% of B-casein and 14% of
as-casein present in milk, which was in accordance
with accepted data.

The observed growth of peptide levels in assessed
fermented milks was linked to the hydrolysis of pro-
teins with higher molecular weight. It was shown that
the hydroysis of caseins to low molecular weight-
peptides decreased the allergenic properties of milk
caused by the presence of a-, B- and k-caseins (Caira
et al., 2012; Liu et al., 2012; Ng-Kwai-Hang, 2003;
Pinto et al., 2012; Sfaxi et al., 2012; Szwajkowska
et al., 2011; Tzvetkova et al., 2007). According to
Wréblewska and Kaliszewska (2011) milk fermenta-
tion lowers the immunoactivity of kefir, yoghurt and
butter, whereas Szwajkowska et al. (2011) stated that
peptides containing 3—20 amino acids have a positive
influence on the physiological functions of the human
body.
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Table 1. Changes of protein fractions in milk and fermented milks (the least squared means and means standard errors)

Kind of fermented milk
Mo- . Lacto-
Protein fractions lecular . pasteurised acidified Bzﬁdebacte— bacillus
5 raw milk . yoghurt kefir . rium . .
g/dm mass milk milk milk acidophillus
kDa milk
X £s X £s X £s X +s X +s X £s X +8
Immunoglobulins 150 0.934 0.934 0.328 0.36° 0.44" 0.308 0.398
+0.03 +0.03 +0.01 +0.05 +0.10 +0.09 +0.02
Lactoferrin 80 0.40 0.44 0.49 0.54 0.48 0.38 0.42
+0.03 +0.02 +0.10 +0.09 +0.01 +0.05 +0.02
Serum albumin 66 0.474 0.504 0.64* 0.86" 1.018 0.70Ab 0.7880
+0.03 +0.01 +0.01 +0.08 +0.04 +0.14 +0.04
a-casein 26 12.08% 11.09* 9.688 9.3780 10.28° 10.50° 9.638
+0.18 +0.67 +0.06 +0.47 +0.24 +0.79 +0.43
-casein 24 6.874 6.694 6.16* 4,998 5.1980 5.42° 4.93°
p
+0.30 +0.24 +0.33 +0.15 +0.35 +0.22 +0.59
K-casein 19 4.69° 4.50Aabe 4.27% 5.048 4.79* 5.08% 4.99°
+0.16 +0.09 +0.15 +0.10 +0.08 +0.09 +0.13
B-lactoglobulin 18 3.71 3.71 3.69 3.38 3.70 3.18 3.75
+0.29 +0.29 +0.31 +0.20 +0.09 +0.07 +0.18
a-lactalbumin 14 2.45 2.45 248 1.89° 2.78° 2.58 2.66%
+0.24 +0.25 +0.25 +0.21 +0.28 +0.10 +0.09
Low molecular <12 0.544a 0.814 1.59% 1.39% 3.398 1.43% 2.18°
mass peptides +0.09 +0.03 +0.49 +0.10 +0.36 +0.77 +0.14
y-casein 6 0.004¢ 1.018° 1.878 4.328CD 0.004¢ 2.568¢ 2.368¢
+0.00 +0.08 +0.28 +0.73 +0.00 +0.06 +0.14

ABStatistically significant differences, at p <0.01, between means in rows.
*bStatistically significant differences, at p < 0.05, between means in rows.

The changes to the protein composition of the ex-
perimental fermented milks during chilled storage are
presented in Table 2 and Figures from 1 to 5.

It was observed that, for the fermented milks,
14 days of refrigerated storage caused a statistically
significant increase in lactoferrin and albumin (or
of proteins with similar molecular weight; 80 kDa
and 66kDa respectively) and an increase in pep-
tides with a molecular weight of less than 12 kDa,
and was also responsible for the parallel drop-off of
k-casein levels. The changes in levels of other pro-
teins after 14 days of storage were not statistically
significant.

www.food.actapol.net/

The differences in protein composition between
day 1 and day 14 of storage of the fermented milks
proved that, in the assessed fermented milks, not only
hydrolysis but also aggregation of small molecular
weight compounds had taken place, which was con-
firmed by results obtained by Zuiiiga et al. (2010).
It was observed that when B-lactalbumin was subject-
ed to different hydrogenic ion concentrations (pH) and
to thermal treatment, the conditions were obtained for
large spherical aggregates at pH 6.0 and for small and
linear aggregates at pH 6.8.

The results of ANOVA (Table 2) and data plotted
on Figures 1-5 pointed to differences in the content of
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Table 2. Changes of protein fractions in fermented milk drinks during storage (the least squared means and means standard

ITors)

Days of storage

Kind of fermented milk

Mo- Bifidobact Lacto-
Protein fractions lecular acidified PIEOBACte  pcillus
5 1 14 yoghurt kefir . rium . .
g/dm mass milk Ik acidophillus
kDa m milk
X +s X +s X +s X +s X &8 X &8 X &8
Immunoglobulins 150 0.36 0.43 0.36 0.40 0.46° 0.33° 0.42
+0.03 +0.01 +0.02 +0.03 +0.05 +0.05 +0.02
Lactoferrin 80 0.46* 0.678 0.52 0.64 0.68° 0.45° 0.53
+0.03 +0.06 +0.06 +0.06 +0.09 +0.08 +0.09
Serum albumin 66 0.804 1.008 0.724a 0.93% 1.19% 0.814 0.854
+0.05 +0.06 +0.05 +0.05 +0.09 +0.10 +0.04
a-casein 26 9.89 9.25 9.32 9.14 9.96 10.03 9.42
+0.24 +0.22 +0.42 +0.32 +0.21 +0.54 +0.30
B-casein 24 5.34 5.09 6.024 4.838 5.06° 5.27° 4918
+0.18 +0.17 +0.21 +0.10 +0.21 +0.19 +0.36
K-casein 19 4.84 4.65° 4.18% 4.86° 4.665¢ 5.108P 4918
+0.09 +0.10 +0.10 +0.10 +0.07 +0.09 +0.08
B-lactoglobulin 18 3.54 3.38 3.69* 3.30 3.64° 3.09° 3.59°
+0.09 +0.10 +0.19 +0.16 +0.05 +0.06 +0.14
a-lactalbumin 14 2.48 2.47 2.494 1.858 2.78% 2.574 2.694
+0.11 +0.12 +0.16 +0.14 +0.18 +0.09 +0.06
Low molecular <12 2.00° 2.76° 1.854 1.46% 3.568 2.75° 2.288
mass peptides +0.26 +0.30 +0.31 +0.14 +0.23 +0.74 +0.10
y-casein 6 222 2.11 2.024 4.498 0.00° 1.6948Da 2.63/BDPP
+0.39 +0.45 +0.19 +0.43 +0.00 +0.43 +0.17

ABStatistically significant differences, at p <0.01, between means in rows.
wbStatistically significant differences, at p < 0.05, between means in rows.

individual proteins, depending on which starter culture
was used for the production of the fermented milks.

Yoghurt (Table 2, Fig. 1) contained the largest
amounts of B-casein and B-lactalbumin and the small-
est amount of serum albumin, which could indicate
a greater extent of hydrolysis of high molecular weight
serum albumin and a lesser extent of hydrolysis of the
two other proteins.

Kefir contained the largest quantities of y-caseins
and the smallest quantities of as- and B-caseins, which
demonstrated a greater extent of hydrolysis involving
caseins, especially B-casein.
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Acidified milk (Table 2, Fig. 3), in comparison to
other fermented milks, contained the highest levels of
immunoglobulins, lactoferrin, serum albumin, a-lac-
talbumin and peptides and did not contain y-caseins,
which could be influenced by the lesser extent of hy-
drolysis of high molecular weight proteins.

Fermented milk with Bifidobacterium bifidum (Ta-
ble 2, Fig. 4), in comparison to other fermented milks,
contained the highest levels of as-casein and k-casein
and the lowest of immunoglobulins, lactoferrin and
B-lactoglobulin, which confirmed the high proteolitic
ability of the above mentioned starter bacteria against
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Fig. 2. Changes of protein fractions in milk and kefir

high molecular weight proteins and low ability against
caseins.

In fermented milk with Lactobacillus acidophilus,
the contents of individual proteins ranged between
values observed for other fermented milks in the ex-
periment (Fig. 5).

In Table 3 the percentage changes of protein com-
position and peptides over 14 days of storage are
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presented, showing fermented milks in comparison to
pasteurised milk.

Among caseins, the B-casein in fermented milks
was hydrolysed to a greater extent than as-casein
(12.3-30.3% and 13.0-19.3% respectively). The larg-
est increase in the proportion of polypeptides (over
400%) was observed in the Bifidobacterium milk,
and of y-casein (360%) in kefir. The content of high
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Fig. 4. Changes in protein fractions in milk and fermented with Bifidobacterium bifidum milk

molecular weight proteins — serum albumin and  bulgaricus have the ability to hydrolyse both caseins
lactoferrin and/or proteins with the similar molecular  and whey proteins. In the opinion of Tzvetkova et al.
weight increased in most fermented milks (Table 3). (2007) and of Alhaj et al. (2007), milk caseins under-

According to Liu et al. (2012), Pescuma et al.  go hydrolysis more easily in the presence of different
(2012), Bertrand-Harb et al. (2003) Streptococcus  types of yoghurt starter culture bacteria than whey pro-
thermophillus and Lactobacillus delbrueckii ssp. teins. Yadav et al. (2007) stated that, in the traditional
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Table 3. Changes of protein fractions fermented drinks stored for 14 days in comparison to pasteurised milk, %

. ' Molecular -  Bifidobacterium Lagtobacfllus

Protein fractions mass Yoghurt Kefir Acidified milk . acidophillus
kDa milk milk
Immunoglobulins 150 57.0] 419 | 258 | 473 | 46.2 |
Lactoferrin 80 2501 5751 7251 0 4751
Serum albumin 66 160.0 1 100.0 1 174.0 1 82.01 84.0 1
o-casein 26 193] 19.7 | 13.0 | 13.7 | 17.0 |
B-casein 24 123 ] 303 ) 26.3 | 235 27.1]
K-casein 19 8.9 3.87 091 13.6 1 711
B-lactoglobulin 18 03] 13.5] 32 19.1 | 7.8 ]
a-lactalbumin 14 2.0] 26.1 ] 1351 491 9.0 1
Low molecular mass peptides <12 159.2 1 88.91 360.5 1 401.2 1 193.8 1
y-casein 6 11491 360.4 1 0 18.8 ] 187.1 1

Arrows show increase or decrease of the proportion of each protein fraction.

drink dahi (similar to yoghurt) as-casein was hydro-
lysed more than B-casein, which is in accordance with
the results obtained in this experiment.

Tzvetkova et al. (2007) described that proteolytic
abilities of Lactobacillus milk rods are different in

www.food.actapol.net/

relation to a-lactoalbumin and P-lactoglobulin, as
a-lactoalbumin is more easily hydrolysed. The above-
described phenomenon limits the abilities of those
rods to decrease the allergenicity of B-lactoglobulin
in fermented milks. Pescuma et al. (2008) reported
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that yoghurt starter bacteria hydrolyse up to 23% of
a-lactoalbumin and up to 18% of B-lactoglobulin. The
results obtained in this survey refuted that thesis (Ta-
ble 2 and Fig. 1). a-lactoalbumin and B-lactoglobulin
are, besides caseins, the most allergenic milk proteins.
So kefir, with its low a-lactoalbumin content and Bifi-
dobacterium bifidum milk, with the lowest content of
B-lactoglobulin (Table 2), were the most advantageous
and least allergenic drinks among those examined.

Wréblewska et al. (2011) reported that the proteins
most resistant to hydrolysis produced by lactic acid
fermenting bacteria were serum albumin and lactofer-
rin, which stayed in fermented milks as the main aller-
gens. In this study, the changes in the content of both
of the above-mentioned protein were not large when
compared to raw milk, and in acidified milk they were
present in the largest amounts.

CONCLUSIONS

In pasteurised milk, the contents of as-, B- and k-casein
were lower, whereas the y-casein and peptide levels
were higher in comparison to raw milk.

In all fermented milks, the changes in proteins and
peptides relative to raw milk continued during storage:
the levels of immunoglobulins, as- and B-casein de-
creased whereas y-casein and peptide content increased.

In fermented milks, an increase in protein fractions
with a molecular mass similar to lactoferrin and serum
albumin was observed relative to raw milk (with excep-
tion of Bifidobacterium milk), which could be caused
by the aggregation of proteins and/or polypeptides.

Observed differences between fermented milks
in the content of different proteins, including during
chilled storage, demonstrates the different proteolytic
abilities of starter cultures used in the production of
fermented milks.
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