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Abstract

Digestion studies constitute a functional tool for allergen characterisation. This strategy for investigating allergenic proteins relates to the
observation of increased proteolytic resistance of some proteins recognised to exhibit allergenic potential. 3-Lactoglobulin (BLG) is one of the
major whey proteins, a potent milk allergen and shows a high stability against peptic hydrolysis in its native form. In order to study the impact
of milk fermentation process on its digestibility, two complementary analytical methods were applied: capillary zone electrophoresis (CZE) to
quantitatively study proteolytic degradation of BLG isolated from different fermented bovine milk products, and enzyme linked immunosorbent
assay (ELISA) to assess differences in immunoreactivity. BLG, isolated from either raw or pasteurised cow’s milk (CM), as expected, showed only
minimal digestibility (less than 10% in 2 h). However, when raw milk or pasteurised milk was fermented, the rate of peptic digestion of the protein
significantly increased (up to 45% in 2 h). In accordance with changes in digestibility, the immunochemical response for all fermented samples was
lower than that of non-fermented references. Raw and pasteurised milk “naturally” fermented in our laboratory only resulted in a slight reduction
(BLG detected is still in the range of milligrams per gram sample), whereas the industrially manufactured sour milk as well as the “Acidophilus

milk” reflected a remarkably lower level of immunoreactivity (55-56 wg/g sample).

© 2006 Published by Elsevier B.V.
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1. Introduction

In consideration of public health, allergenicity of processed
food has become a research topic of highest interest for the sci-
entific community, as well as a top-ranging issue for regulatory
authorities [1]. Food allergies are most prevalent during infancy,
affecting up to 6% of young children. With approximately 2.5%
of newborns suffering from allergic reactions, cow’s milk (CM)
is at the top of all lists of epidemiologic data [2]. One approach
to characterise the allergenicity of a food protein refers to the
complementary investigation at different levels: in terms of its
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durability during food processing, structural characteristics and
digestibility, and immunochemical properties [3].

The principle of digestive stability as a criterion for protein
allergenicity stems from the observation that many food
allergens exhibit proteolytic stability, whereas nutritionally
desirable proteins are more rapidly digested by the human
gastrointestinal fluids [4-6]. The main focus of this study
was to investigate changes in peptic digestibility of the major
allergenic protein cow’s milk, B-lactoglobulin (BLG), due
to fermentation processes by two complementary analytical
methodologies: capillary zone electrophoresis (CZE) and
enzyme linked immunosorbent assay (ELISA).

Bovine B-lactoglobulin consists of two genetic isoforms A
and B, which differ only at positions 64 (Asp — Gly) and 118
(Val — Ala), and both are known to possess allergenic potential
[7]. In the following, however, we mostly speak about the total
quantity of both isoforms and averaged characteristics. Native
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bovine BLG is very stabile against peptic digestion under acidic
conditions, which corresponds to the situation in the stomach
of humans. This phenomenon is considered to correlate with its
high allergenicity [8,9].

A number of publications investigated the conformational
and linear epitopes of BLG [10-12]. Tertiary structure turned
out to be an inherent factor in immunoreactivity of native BLG.
An intense study on discontinuous epitopes by monoclonal anti-
bodies succeeded in the determination of 12 antigenic sites [13].
There may be short fragments located in hydrophobic parts of
the molecule that comprise highly conserved sequences respon-
sible for IgE cross-reactivity with corresponding milk proteins
of other mammals, including humans. Therefore, clinical inves-
tigations on the allergenic potential of proteins must be aware
of both a decrease and a possible increase of antibody binding
capacities as a result of protein unfolding upon processing. In
vivo proteolysis might eliminate epitopic sites but also increases
their susceptibility.

Digestion assays came up to be a predictive tool for pro-
tein allergenicity assessment, as several food allergens were
claimed to be stable to conditions simulating human gastroin-
testinal digestion. Astwood et al. observed higher stability for a
selected group of egg, milk and soybean allergens, if compared
to non-allergenic proteins, and demonstrated the formation of
stable peptide fragments in a standard simulated gastric fluid
[14]. Fu et al. resumed the discussion on a comparable work
(simulated gastric and intestinal fluid) between digestibility of
allergens and non-allergenic proteins. However, they could not
confirm any clear relationship between in vitro digestibility and
protein allergenicity [ 15]. Nevertheless, the information whether
proteolytic degradation can be achieved for stable allergens due
to technological treatments can be seen as a promising base for
the management of food allergy.

Increased proteolytic degradation was observed upon heat
treatment [19-21], in contrast to the pronounced reduction of
immunoreactivity of the partially hydrolysed allergens [18].
Controversial results can be found in literature in this con-
text. In order to give full information about the allergenic
content in food, in vitro analysis must detect the native pro-
tein, digestion-derived peptides, and the immunoreactivity of
both. Indeed, recent publications have started distinguishing
between these two aspects—protein degradation on the one
hand, and studying immunochemical properties on the other
hand, but an advanced correlation of the results is still missing
[19-21].

Considerable efforts have been put forth to decrease aller-
genicity of cow’s milk products. It was shown that various
manufacturing processes such as heating, chemical treatment,
high pressure, fermentation, etc. can alter the allergenic potential
of food [16,17]. Combined physical and proteolytic treatment
offered a promising way for reduction of protein allergenicity
[22,23]. Lactic acid fermentation of milk products is associated
with proteolytic activity [24,25]. In some geographical regions
(e.g. Caucasus republics), it is an old tradition to feed infants
in their first years of life only with fermented milk products to
prevent the risk of allergic reactions. The co-administration of
lactobacilli with cow’s milk was also shown to improve disor-

ders because of gut mucosal permeability and to stimulate IgG
response in suckling rats [26].

Even though digestibility of BLG upon processing has
already been studied by different analytical and biochemical
methods (SDS-PAGE, RP-HPLC, chemical characterisation),
no quantitative data were given about the proteolytic degradation
or kinetics of the digestion assay [27-29].

The present study applied CZE to quantitatively monitor
peptic hydrolysis of BLG isolated from different bovine milk
products, and to bridge these data with information from
immunochemical measurements. The overall goal was to study
the impact of fermentation on the peptic digestibility of bovine
BLG.

2. Experimental
2.1. Materials

Raw milk was obtained from a farmer in Styria (Austria). The
fresh milk was collected and worked up within 3-5 h. “Naturally
fermented” products were obtained by performing fermentation
in an uncontrolled way without adding a certain starter cul-
ture by storing the samples at room temperature for two days.
Afterwards, the samples were cooled to 4 °C, and the isolation
procedure started immediately. Commercially available prod-
ucts were purchased at local food stores. All chemicals used
for the preparation of buffers, sample work-up and subsequent
analysis were purchased from Sigma (Vienna, Austria) or Fluka
(Buchs, Switzerland) unless stated otherwise and were of ana-
lytical grade or better.

2.2. Sample preparation: bovine milk and dairy products

Whey fractions and purified LG for peptic digestion were
prepared from the following differently processed bovine milk
and dairy products: raw milk, pasteurised and homogenised
milk, “naturally fermented” raw and pasteurised milk, indus-
trially manufactured sour milk (NOM AG, Austria), and
“Acidophilus milk” (Lactobacillus acidophilus as an additive
to normal pasteurised milk, Kérntnermilch, Austria).

The isolation of the BLG fraction was performed with mod-
ifications according to the protocol previously described by
Neyestani et al. [30] A typical work flow diagram is outlined in
Fig. 1. Sample preparation procedures for subsequently applied
investigations by electrophoresis and ELISA were developed
separately for each analytical method.

2.3. Gel-electophoresis

SDS-PAGE analysis was performed essentially according
to Laemmli (1970) using a BioRad Mini Protean II system
(BioRad, Hercules, CA, USA) with discontinuous acrylamide
gels (15% resolving gel and 4% stacking gel). Pre-stained
molecular weight marker with molecular weights of 14.4, 18.4,
25.0, 35.0, 45.0, 66.2 and 116.0kDa was used as reference
(MBI Fermentas).
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Homogenization of sample
Samples (20g) diluted 1:2 with
0.3 M Sodium chloride, 0.2% (w/v) Triton X-100
1-2h extensively shaking, room temperature

g

Lipids removal — high speed centrifugation
(aqueous phase: Al)
16,000 rpm (30,365 x g, Sorvall Centrifuge RC-
5C/F21 Rotor), 45 min, 4°C

ﬂ Filtration ( A2)

Precipitation of Caseins — Acidification to
pH 2 with 6 M hydrochloric acid

ﬂ Centrifugation + Filtration

Whey fraction (A3) — frozen at — 20°C

Optionally:

Fractionated ammonium sulphate precipitation
0-50% within 24h, 4°C

l Centrifugation

Supernatant is dialyzed against 0.05 M Tris
buffer pH 6.5 (cellulose dialysis tubing)
v

Purified BLG isolation (A4)

Fig. 1. Schematic description of the isolation procedure of LG from bovine
milk matrices.

2.4. Capillary electrophoresis

A HP3D Capillary Electrophoresis System (Agilent, Wald-
bronn, Germany) with a diode-array detector was used to carry
out all CZE experiments. Untreated fused silica capillaries
with 50 wm ID were purchased from Polymicro Technologies
(Phoenix, AZ). Total capillary length was 39.0 cm and the effec-
tive length was 30.5 cm. The capillary was thermostated at 20 °C.

Injection was accomplished by application of 50 mbar pres-
sure to the inlet vial for 5s. The positive polarity mode with
a voltage of 25kV was used. The current generated was typi-
cally about 18.5 nA. UV adsorption was recorded at 205 nm. In
some cases the fast spectral scanning mode was used to aid peak
identification. Data were processed using the Hewlett-Packard
Chemstation Software.

The background electrolyte (BGE) was 100 mM boric acid
adjusted to pH 8.3 with 1 M NaOH and contained 0.05% Tween
20 as an additive. Unless otherwise stated, all samples were
prepared in 25 mM borate buffer pH 8.3, supplemented with
25 wg/mL of o-phtalic acid (Sigma, Steinheim, Germany) as
internal standard (sample buffer). Prior to CZE analyses, all
samples were 1:5 diluted with sample buffer.

A new capillary was conditioned by flushing with
100 mmol/L HCl, followed by water, 1 mol/L. NaOH, and water

for 10 min each. Between each analysis run, the capillary was
flushed with 100 mmol/L NaOH, water and BGE for 2 min each.

2.5. Peptic digestion

Prior to digestion experiments, CZE was performed to deter-
mine the amounts of BLG and its isoforms BLG A and B,
respectively, in all studied samples. A calibration line was con-
structed in the range of 25—400 wg/mL BLG (Sigma, Steinheim,
Germany). Every sample was measured at least twice.

For peptic digestion to 400 pL of the LG containing sam-
ples 10 L of internal standard (o-phtalic acid, 3 mg/mL) were
added and the solutions acidified to pH 1.5 with § nL of 0.1 M
HCI. 10 pL of these solutions were taken as blank samples
in CZE analysis. To the rest of the mixtures, 5 pL of pepsin
solution in water was added to gain a final enzyme/substrate
ratio of 1:20 (w/w, pepsin from hog stomach, 3348 U/mg,
Fluka, Buchs, Switzerland). The solutions were incubated at
37°C and aliquots were taken at the time periods indicated in
the text. Prior to CZE analysis all aliquots were diluted 1:4 in
a sample buffer void of internal standard.

2.6. Enzyme linked immunosorbent assay

Microtiter plates (Nunc-Immuno Plate MaxiSorp, 96-
well) were coated with 100 nL per well BLG-standards
(100-700 ng/mL) and samples diluted 1:10,000 in 50 mM car-
bonate/bicarbonate buffer, pH 9.6, or with lower dilution factors
to obtain concentrations within the range of the standards. The
plate was covered and incubated overnight at 4 °C. The BLG-
coated plate was washed once with washing buffer composed
of 0.01 M phosphate buffered saline (PBS), pH 7.4 containing
0.5% (w/v) Tween 20. Remaining sites for protein binding on
the microtiter plate were saturated with 2% (w/v) HSA (incu-
bation for 2 h at room temperature). Next, the plate was washed
three to four times with washing buffer, as also, after all of the
following incubation steps with first and second antibody. One
hundred microliters of the first antibody solution composed of
rabbit anti-bovine BLG IgG (Bethyl Laboratories, Montgomery,
TX)in 0.01 M PBS pH 7.4 containing 0.5% Tween 20 and 0.5%
HSA (1/10,000 dilution) was added to the wells. Incubation was
performed overnight at 4 °C. For detection HRP-conjugated anti
rabbit IgG (Sigma, Steinheim, Germany) was used (1/10,000
dilution) and incubated for 1-2h at room temperature. After
the final washing step, 100 wL. of TMB substrate (3,3,5,5'-
tetramethylbenzidine solution, Sciotec, Vienna, Austria) was
added per well. The reaction was stopped after an appropri-
ate time of about 10-15min at room temperature, by adding
50 L of 3 M sulphuric acid per well. The absorbance was read
at 450 nm.

Peptic digestion for ELISA, monitoring changes of the pro-
teins regarding changes of antibody binding properties due to
proteolysis was tested with the whey protein fractions of “Aci-
dophilus milk” and sour milk. Pepsin was added in the same
enzyme/substrate ratio 1:20 as for the CZE analysis. Incuba-
tion was carried out at 37 °C. Aliquots were taken before adding
pepsin and after several increasing time intervals over 90 min. To
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stop the digestion, the pH was adjusted to 6.0 with a minimum
of volume of 1 M NaOH, and the samples were cooled to 4 °C.

3. Results and discussion
3.1. Isolation of BLG fraction for peptic hydrolysis

As outlined in Fig. 1, sample preparation included a defatting
step by high-speed centrifugation and acidification of the milk
samples with hydrochloric acid to precipitate caseins. The so
obtained whey fractions were used for immunochemical assay-
ing of the undigested BLG content and to monitor changes in
antibody binding capacity upon digestion. Strong importance
was given on to apply non-destructive procedures as not to
influence the target protein (BLG) by sample preparation or

_— 116.0 kDa
BSA —_ — 66.2 kDa
— 45.0 kDa
— 35.0 kDa
Caseins s

n—— - 25.0 kDa
B-LC il S S s 18.4 kDa
(X-LA - — - 14.4 kDa

A1l A2 A3 A4 MW

Fig. 2. SDS-PAGE (15% PAA, coomassie staining): showing different isolation
steps of BLG from pasteurised and homogenised milk. Al: supernatant after
initial centrifugation, A2: filtrated supernatant, A3: after precipitation of caseins,
A4: after fractionated ammonium sulphate precipitation; MW: protein molecular
weight marker.
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by physico-chemical conditions used for running the analyti-
cal detection method. The impacts of both the acidic pH and the
peptic hydrolysis on whey proteins, corresponding to conditions
in the human stomach, were studied as a characterising tool for
modified stability of LG based on the fact that native BLG is
highly resistant to peptic digestion. Fig. 2 visualizes the progress
of purification steps of BLG fraction from milk products.
Capillary electrophoresis was applied to prove the purity of
isolated BLG from various milk and dairy products in addi-
tion to the SDS-PAGE approach. To diminish possible protein
sorption on the capillary wall, a mild detergent, Tween-20, was
added to the background electrolyte. Fig. 3(A) shows a typi-
cal CZE analysis of aliquots from the commercially available
pasteurised milk, that represent two consecutive steps in the
isolation protocol—whey fraction (A3) and purified BLG iso-
lation (A4). The upper trace shows the separation of whey,
where major whey proteins, namely a-lactalbumin and BLG
of both major isoforms A and B are clearly distinguished. The
lower trace shows CZE separation of the final isolate, where
only BLG isoforms A and B are present. Peak identification
was done by spiking the sample with standards and by spectral
scanning. The latter enables clear differentiation of BLG from
a-lactalbumin, which possesses a characteristic local maximum
at 224 nm (Fig. 3(B)). This separation also sets a stage for the
quantitative determination of both major isoforms of BLG.

3.2. Peptic digestibility of BLG isolated from different milk
products

Because of its compact globular structure, BLG is a very
poor substrate for proteolytic enzymes, especially for pepsin,
the most important proteolytic enzyme in the human stomach.
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Fig. 3. (A) CZE separation of whey, corresponding to isolation step A3 in Fig. 2 (upper trace) and sample from the final isolation step, corresponding to A4 in Fig. 2
(bottom trace). CZE conditions: fused silica capillary 50 wm ID x 30.5 cm eftective length; buffer: 0.1 M borate, pH 8.3 with 0.05% Tween 20; voltage 25kV; IS,
internal standard, o-phtalic acid 30 pg/mL. (B) Normalized UV spectra derived from the peak apexes of a-lactalbumin and LG A and B as shown in (A).
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Fig. 4. Peptic digestion of whey proteins. (A), a whey sample (upper trace) was treated with pepsin and analyzed by CZE after 30 min of incubation (lower trace).
(B), whey sample was pre-heated at 95 °C for 10 min (upper trace), pepsin was added and the sample was analyzed by CZE after 30 min of incubation (lower trace).

CZE conditions as in Fig. 3.

Peptic digestibility can be affected by the processing condi-
tions the milk products have undergone, e.g. heat treatment,
fermentation, etc. Heating is known to increase the digestibility
of BLG. Fig. 4(A and B) demonstrates how CZE can monitor
digestion of whey proteins. Addition of pepsin rapidly degrades
a-lactalbumin whereas BLG remains intact (Fig. 4(A), lower
trace). Extensive heating (95 °C for 10 min) of the whey sam-
ple drastically lowers the amount of BLG in solution leading to
its precipitation (Fig. 4(B), upper trace), whereas a-lactalbumin
remains soluble. Pepsin, added to whey treated that way, hydrol-
ysed both proteins within minutes, as shown on the electrophero-
gram in Fig. 4(B), lower trace.

Based on the fact that extensive heat treatment will lead to
increased digestibility of BLG or even degrade it without the
influence of a protease, additional heat treatment was banned
for the whole analysis. This should ensure that only fermenta-
tion affected BLG and its digestion behaviour. In contrast to our
approach, most proteolytic studies of “unfolded” BLG addressed
the products of severe thermal treatment [28,29].

We investigated the kinetics of peptic digestion to assess
whether proteolytic degradation upon fermentation processes
has pronounced impacts on structural and hence immunochem-
ical properties of BLG. Raw and completely unprocessed milk
was fermented at room temperature. BLG was isolated from fer-
mented milk, pepsin was added, and aliquots were analyzed by
CZE at different incubation times. The upper trace of Fig. 5
shows the BLG isolate before the addition of pepsin, and the
lower trace demonstrates the decrease of the BLG concentration
in this sample (approximately 25%) after 1 h of incubation with
pepsin. Several other milk products such as raw milk, pasteurised
milk and naturally fermented pasteurised milk were analyzed

120 —
EOF IS
D
< 80
=
E
5
&
<
1S
40 —
ﬂ + pepsin

T T T T T T
1 2 3
migration time, min
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Fig. 5. Peptic digestion of BLG isolated from naturally fermented raw milk.
BLG isolate (upper trace) was incubated with pepsin for 1h and analyzed by
CZE (lower trace). CZE conditions as in Fig. 3.
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Table 1
1004 /' Immunochemical data of whey fractions of milk references and fermented dairy
. bd \. products measured in ELISA
904 —V. Milk product ELISA response—BLG
\ — [mg/g sample]®
0] ] )
5 804 Reference samples Raw ml.lk . 31
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= ‘\ Naturally fermented 3.16
.3‘_9 707 * Fermented samples raw milk
P Naturally fermented 2.50
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T - Sour milk 0.056
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Fig. 6. Comparison of peptic digestion of BLG isolated from different milk prod-
ucts ((@) raw milk; (A) pasteurised milk; () naturally fermented pasteurised
milk; () naturally fermented raw milk). Each BLG sample was incubated with
pepsin for the time periods indicated and analyzed by CZE. The peak area of the
protein was normalized to that of the IS and the initial value before addition of
pepsin was set to 100%. Each data point represents the mean of two independent
measurements. CZE conditions as in Fig. 3.

under these conditions. To provide similar conditions for all
samples, the pepsin/BLG ratio was kept constant at 1:20 (w/w).
For this purpose the concentration of LG in the various samples
was determined by CE.

Fig. 6 represents the amount of the remaining non-digested
BLG relative to its initial concentration plotted against the diges-
tion time of all milk products studied. It shows that pasteurisation
itself does not have any noticeable impact on BLG digestibil-
ity. Only about 10% of BLG isolated from pasteurised milk was
digested after 2 h. However, when milk was naturally fermented,
BLG isolated from these products showed a significantly higher
rate of digestion. After 2 h of peptic digestion, about 40% of the
protein had been hydrolysed. This indicates that fermentation
significantly changes the properties of the protein.

3.3. Immunochemistry

An indirect, non-competitive ELISA with polyclonal rab-
bit anti-BLG antibodies was constructed for assaying the
immunoreactive BLG content in whey fractions of acidified and
fermented bovine milk products. Immunochemical data of sam-
ples corresponding to those analyzed by CZE are collected in
Table 1. The ELISA responses relate to equal quantities (mass)
of products used for each sample preparation. The results for
fermented samples were all lower than for non-fermented ref-
erences. Raw and pasteurised milk “naturally” fermented in our
lab only resulted in a slight reduction (BLG detected is still in
the range of milligrams per gram sample), whereas the indus-
trially manufactured sour milk, as well as the “Acidophilus
milk” reflected a remarkably lower level of immunoreactivity
(55-56 p.g/g sample). Compared with CE findings that clearly
demonstrated an increase of peptic digestibility of BLG for “nat-
urally” fermented milk samples, the equivalent BLG content
detected by ELISA was still quite high for these samples. This

2 Mean values of duplicate analyses of two independent sample preparations.

might indicate the formation of intermediate fragments upon
proteolysis, which are instable to acidic hydrolysis but contribute
to the polyclonal immuno response gained by ELISA [31]. The
ELISA gives no specific information about the concentration of
native protein. The immunoreactivity measured by ELISA is a
mixture of quite different epitopic sites recognised at the level
of the intact protein, as well as of peptide fragments. Haddad et
al. claimed the ability of enzymatically hydrolysed BLG (peptic
and peptic-tryptic digestion) to elicit IgE antibodies even to a
higher extent than undigested BLG, whereas peptides obtained
by tryptic hydrolysis showed lower in vitro immunoreactivity
[31,32].

Therefore, the immunochemical results show that — despite
a reduction of native BLG determined by CZE - the naturally
fermented milk products still possess a high level of immunore-
activity which presumably results in part from preserved and
newly exposed epitopes on peptide fragments resulting from the
fermentation process.

The absence of heat treatment in the “naturally” fermented
samples (except for the pasteurisation process that was shown
to have no influence on the kinetics of peptic digestion), might
explain the differences compared to the sour milk and the Aci-
dophilus milk. Industrially manufactured fermentation products
need to be treated in an elaborated process for food safety
by a combination of multiple heat treatment and fermentation
steps.

3.4. Immunochemical monitoring of peptic digestion

In the next step, peptic digestion of whey fractions from
the industrially fermented products was carried out. Aliquots
were taken before adding pepsin and after several time intervals.
All aliquots were assayed for their BLG contents. Milk sam-
ples freshly purchased from the store and prepared for peptic
digestion at the same day showed no reduction of immuno-
chemial responses upon digestion (within 90 min of incubation
with pepsin), while aging of the milk in presence of Lactobacil-
lus acidophilus, sour milk, and whey fractions of both samples,
respectively, facilitated the impact of the acid and enzymatic
hydrolysis (pepsin) on the stability of BLG in these fermented
samples enormously (reduction to approximately 30% of the
initial immunoreactive content). Fig. 7 compares the immunore-
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Fig. 7. Comparison of fresh with aged fermented dairy products ((4) sour milk;
(M) “Acidophilus milk”). Whey fractions were incubated with pepsin and several
aliquots measured in ELISA at time points given in the figure.

activity of the samples upon peptic digestion measured by
ELISA. For these investigations not only fresh samples, but also
aged dairy products, as well as whey fractions were digested
and subsequently screened for their different antibody binding
capacities. The samples were stored at 4 °C and investigated two
weeks later once more (at the expiration date). The addition of
pepsin significantly modified the immunochemical response and
induced a short but strong increase of the ELISA signal shortly
after starting the digestion.

All non-fermented reference samples exhibited high stabil-
ity during sample preparation, storage, digestion and ELISA set
up. No reduction in immunoreactivity was observed. Acidifi-
cation itself had no impact on the antibody binding properties

of BLG or its digestibility, as this was tested with a sample of
pasteurised milk in two aliquots before and after acidic casein
precipitation. The concentration of LG detected was the same
for both aliquots where the first one was at pH 7 and the second
one at pH 2. Thus, BLG remained stable.

4. Conclusions

Fermentation of milk products increases the susceptibil-
ity of BLG towards peptic digestion and results in highly
reduced stability of this allergenic protein. As a consequence, the
immunoreactive BLG content of fermented products is reduced.
Relative immuno response alterations were measured and could
be correlated with the changes in peptic digestibility of BLG due
to the fermentation process of bovine milk products. Increased
digestibility might offer a promising way for reducing aller-
genicity. Due to the fact, that only a reduction of BLG aller-
genicity could be observed, the possibility of the remaining LG
content to elicit immune response in individuals is still given.
Therefore, highly allergic patients will still react to fermented
products, but it might be a strategy for primary prevention in
infants.

CZE enabled to separate, identify, and quantify allergens
under non-destructive conditions for monitoring the proteolytic
degradation. To achieve improved correlation of immunological
antigen—antibody reaction with characteristics of electrophore-
sis, further investigations will include the hybrid type given
by Affinity-CZE which involves an antibody—antigen capture
system to be integrated in the total analysis and separation
workflow.
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