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bstract

Digestion studies constitute a functional tool for allergen characterisation. This strategy for investigating allergenic proteins relates to the
bservation of increased proteolytic resistance of some proteins recognised to exhibit allergenic potential. �-Lactoglobulin (�LG) is one of the
ajor whey proteins, a potent milk allergen and shows a high stability against peptic hydrolysis in its native form. In order to study the impact

f milk fermentation process on its digestibility, two complementary analytical methods were applied: capillary zone electrophoresis (CZE) to
uantitatively study proteolytic degradation of �LG isolated from different fermented bovine milk products, and enzyme linked immunosorbent
ssay (ELISA) to assess differences in immunoreactivity. �LG, isolated from either raw or pasteurised cow’s milk (CM), as expected, showed only
inimal digestibility (less than 10% in 2 h). However, when raw milk or pasteurised milk was fermented, the rate of peptic digestion of the protein

ignificantly increased (up to 45% in 2 h). In accordance with changes in digestibility, the immunochemical response for all fermented samples was

ower than that of non-fermented references. Raw and pasteurised milk “naturally” fermented in our laboratory only resulted in a slight reduction
�LG detected is still in the range of milligrams per gram sample), whereas the industrially manufactured sour milk as well as the “Acidophilus
ilk” reflected a remarkably lower level of immunoreactivity (55–56 �g/g sample).
2006 Elsevier B.V. All rights reserved.
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. Introduction

In consideration of public health, allergenicity of processed
ood has become a research topic of highest interest for the sci-
ntific community, as well as a top-ranging issue for regulatory
uthorities [1]. Food allergies are most prevalent during infancy,
ffecting up to 6% of young children. With approximately 2.5%
f newborns suffering from allergic reactions, cow’s milk (CM)

s at the top of all lists of epidemiologic data [2]. One approach
o characterise the allergenicity of a food protein refers to the
omplementary investigation at different levels: in terms of its

� This paper is part of a special volume entitled “Analysis of proteins, peptides
nd glycanes by capillary (electromigration) techniques”, dedicated to Zdenek
eyl, guest edited by I. Miksik.
∗ Corresponding author. Tel.: +43 1 4277 52300/1; fax: +43 1 3151826.

E-mail address: wolfgang.lindner@univie.ac.at (W. Lindner).
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urability during food processing, structural characteristics and
igestibility, and immunochemical properties [3].

The principle of digestive stability as a criterion for protein
llergenicity stems from the observation that many food
llergens exhibit proteolytic stability, whereas nutritionally
esirable proteins are more rapidly digested by the human
astrointestinal fluids [4–6]. The main focus of this study
as to investigate changes in peptic digestibility of the major

llergenic protein cow’s milk, �-lactoglobulin (�LG), due
o fermentation processes by two complementary analytical

ethodologies: capillary zone electrophoresis (CZE) and
nzyme linked immunosorbent assay (ELISA).

Bovine �-lactoglobulin consists of two genetic isoforms A

nd 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
uantity of both isoforms and averaged characteristics. Native

mailto:wolfgang.lindner@univie.ac.at
dx.doi.org/10.1016/j.jchromb.2006.06.040
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ovine �LG is very stabile against peptic digestion under acidic
onditions, which corresponds to the situation in the stomach
f humans. This phenomenon is considered to correlate with its
igh allergenicity [8,9].

A number of publications investigated the conformational
nd linear epitopes of �LG [10–12]. Tertiary structure turned
ut to be an inherent factor in immunoreactivity of native �LG.
n intense study on discontinuous epitopes by monoclonal anti-
odies succeeded in the determination of 12 antigenic sites [13].
here may be short fragments located in hydrophobic parts of

he molecule that comprise highly conserved sequences respon-
ible for IgE cross-reactivity with corresponding milk proteins
f other mammals, including humans. Therefore, clinical inves-
igations on the allergenic potential of proteins must be aware
f both a decrease and a possible increase of antibody binding
apacities as a result of protein unfolding upon processing. In
ivo proteolysis might eliminate epitopic sites but also increases
heir susceptibility.

Digestion assays came up to be a predictive tool for pro-
ein allergenicity assessment, as several food allergens were
laimed to be stable to conditions simulating human gastroin-
estinal digestion. Astwood et al. observed higher stability for a
elected group of egg, milk and soybean allergens, if compared
o non-allergenic proteins, and demonstrated the formation of
table 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
llergens and non-allergenic proteins. However, they could not
onfirm any clear relationship between in vitro digestibility and
rotein allergenicity [15]. Nevertheless, the information whether
roteolytic degradation can be achieved for stable allergens due
o technological treatments can be seen as a promising base for
he management of food allergy.

Increased proteolytic degradation was observed upon heat
reatment [19–21], in contrast to the pronounced reduction of
mmunoreactivity of the partially hydrolysed allergens [18].
ontroversial results can be found in literature in this con-

ext. In order to give full information about the allergenic
ontent in food, in vitro analysis must detect the native pro-
ein, digestion-derived peptides, and the immunoreactivity of
oth. Indeed, recent publications have started distinguishing
etween these two aspects—protein degradation on the one
and, and studying immunochemical properties on the other
and, but an advanced correlation of the results is still missing
19–21].

Considerable efforts have been put forth to decrease aller-
enicity of cow’s milk products. It was shown that various
anufacturing processes such as heating, chemical treatment,

igh pressure, fermentation, etc. can alter the allergenic potential
f food [16,17]. Combined physical and proteolytic treatment
ffered a promising way for reduction of protein allergenicity
22,23]. Lactic acid fermentation of milk products is associated
ith proteolytic activity [24,25]. In some geographical regions
e.g. Caucasus republics), it is an old tradition to feed infants
n their first years of life only with fermented milk products to
revent the risk of allergic reactions. The co-administration of
actobacilli with cow’s milk was also shown to improve disor-
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ers because of gut mucosal permeability and to stimulate IgG
esponse in suckling rats [26].

Even though digestibility of �LG upon processing has
lready been studied by different analytical and biochemical
ethods (SDS-PAGE, RP-HPLC, chemical characterisation),

o quantitative data were given about the proteolytic degradation
r kinetics of the digestion assay [27–29].

The present study applied CZE to quantitatively monitor
eptic hydrolysis of �LG isolated from different bovine milk
roducts, and to bridge these data with information from
mmunochemical measurements. The overall goal was to study
he impact of fermentation on the peptic digestibility of bovine
LG.

. Experimental

.1. Materials

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

.2. Sample preparation: bovine milk and dairy products

Whey fractions and purified �LG for peptic digestion were
repared from the following differently processed bovine milk
nd dairy products: raw milk, pasteurised and homogenised
ilk, “naturally fermented” raw and pasteurised milk, indus-

rially manufactured sour milk (NÖM AG, Austria), and
Acidophilus milk” (Lactobacillus acidophilus as an additive
o normal pasteurised milk, Kärntnermilch, Austria).

The isolation of the �LG fraction was performed with mod-
fications according to the protocol previously described by
eyestani et al. [30] A typical work flow diagram is outlined in
ig. 1. Sample preparation procedures for subsequently applied

nvestigations by electrophoresis and ELISA were developed
eparately for each analytical method.

.3. Gel-electophoresis

SDS-PAGE analysis was performed essentially according
o Laemmli (1970) using a BioRad Mini Protean II system
BioRad, Hercules, CA, USA) with discontinuous acrylamide

els (15% resolving gel and 4% stacking gel). Pre-stained
olecular weight marker with molecular weights of 14.4, 18.4,

5.0, 35.0, 45.0, 66.2 and 116.0 kDa was used as reference
MBI Fermentas).
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dophilus milk” and sour milk. Pepsin was added in the same
ig. 1. Schematic description of the isolation procedure of �LG from bovine
ilk matrices.

.4. Capillary electrophoresis

A HP3D Capillary Electrophoresis System (Agilent, Wald-
ronn, Germany) with a diode-array detector was used to carry
ut all CZE experiments. Untreated fused silica capillaries
ith 50 �m ID were purchased from Polymicro Technologies

Phoenix, AZ). Total capillary length was 39.0 cm and the effec-
ive length was 30.5 cm. The capillary was thermostated at 20 ◦C.

Injection was accomplished by application of 50 mbar pres-
ure to the inlet vial for 5 s. The positive polarity mode with
voltage of 25 kV was used. The current generated was typi-

ally about 18.5 �A. UV adsorption was recorded at 205 nm. In
ome cases the fast spectral scanning mode was used to aid peak
dentification. Data were processed using the Hewlett-Packard
hemstation Software.

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

amples were 1:5 diluted with sample buffer.

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

e
t
p

. B 841 (2006) 160–167

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

.5. Peptic digestion

Prior to digestion experiments, CZE was performed to deter-
ine the amounts of �LG and its isoforms �LG A and B,

espectively, in all studied samples. A calibration line was con-
tructed in the range of 25–400 �g/mL �LG (Sigma, Steinheim,
ermany). Every sample was measured at least twice.
For peptic digestion to 400 �L of the �LG containing sam-

les 10 �L of internal standard (o-phtalic acid, 3 mg/mL) were
dded and the solutions acidified to pH 1.5 with 8 �L of 0.1 M
Cl. 10 �L of these solutions were taken as blank samples

n CZE analysis. To the rest of the mixtures, 5 �L of pepsin
olution in water was added to gain a final enzyme/substrate
atio of 1:20 (w/w, pepsin from hog stomach, 3348 U/mg,
luka, Buchs, Switzerland). The solutions were incubated at
7 ◦C and aliquots were taken at the time periods indicated in
he text. Prior to CZE analysis all aliquots were diluted 1:4 in
sample buffer void of internal standard.

.6. Enzyme linked immunosorbent assay

Microtiter plates (Nunc-Immuno Plate MaxiSorp, 96-
ell) were coated with 100 �L per well �LG-standards

100–700 ng/mL) and samples diluted 1:10,000 in 50 mM car-
onate/bicarbonate buffer, pH 9.6, or with lower dilution factors
o obtain concentrations within the range of the standards. The
late was covered and incubated overnight at 4 ◦C. The �LG-
oated plate was washed once with washing buffer composed
f 0.01 M phosphate buffered saline (PBS), pH 7.4 containing
.5% (w/v) Tween 20. Remaining sites for protein binding on
he microtiter plate were saturated with 2% (w/v) HSA (incu-
ation for 2 h at room temperature). Next, the plate was washed
hree to four times with washing buffer, as also, after all of the
ollowing incubation steps with first and second antibody. One
undred microliters of the first antibody solution composed of
abbit anti-bovine �LG IgG (Bethyl Laboratories, Montgomery,
X) in 0.01 M PBS pH 7.4 containing 0.5% Tween 20 and 0.5%
SA (1/10,000 dilution) was added to the wells. Incubation was
erformed overnight at 4 ◦C. For detection HRP-conjugated anti
abbit IgG (Sigma, Steinheim, Germany) was used (1/10,000
ilution) and incubated for 1–2 h at room temperature. After
he final washing step, 100 �L of TMB substrate (3,3′,5,5′-
etramethylbenzidine solution, Sciotec, Vienna, Austria) was
dded per well. The reaction was stopped after an appropri-
te time of about 10–15 min at room temperature, by adding
0 �L of 3 M sulphuric acid per well. The absorbance was read
t 450 nm.

Peptic digestion for ELISA, monitoring changes of the pro-
eins regarding changes of antibody binding properties due to
roteolysis was tested with the whey protein fractions of “Aci-
nzyme/substrate ratio 1:20 as for the CZE analysis. Incuba-
ion was carried out at 37 ◦C. Aliquots were taken before adding
epsin and after several increasing time intervals over 90 min. To
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top the digestion, the pH was adjusted to 6.0 with a minimum
f volume of 1 M NaOH, and the samples were cooled to 4 ◦C.

. Results and discussion

.1. Isolation of βLG fraction for peptic hydrolysis

As outlined in Fig. 1, sample preparation included a defatting
tep by high-speed centrifugation and acidification of the milk
amples with hydrochloric acid to precipitate caseins. The so
btained whey fractions were used for immunochemical assay-

ng of the undigested �LG content and to monitor changes in
ntibody binding capacity upon digestion. Strong importance
as given on to apply non-destructive procedures as not to

nfluence the target protein (�LG) by sample preparation or

ig. 2. SDS-PAGE (15% PAA, coomassie staining): showing different isolation
teps of �LG from pasteurised and homogenised milk. A1: supernatant after
nitial centrifugation, A2: filtrated supernatant, A3: after precipitation of caseins,
4: after fractionated ammonium sulphate precipitation; MW: protein molecular
eight marker.
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ig. 3. (A) CZE separation of whey, corresponding to isolation step A3 in Fig. 2 (upp
bottom trace). CZE conditions: fused silica capillary 50 �m ID × 30.5 cm effective
nternal standard, o-phtalic acid 30 �g/mL. (B) Normalized UV spectra derived from
. B 841 (2006) 160–167 163

y physico-chemical conditions used for running the analyti-
al detection method. The impacts of both the acidic pH and the
eptic hydrolysis on whey proteins, corresponding to conditions
n the human stomach, were studied as a characterising tool for

odified stability of �LG based on the fact that native �LG is
ighly resistant to peptic digestion. Fig. 2 visualizes the progress
f purification steps of �LG fraction from milk products.

Capillary electrophoresis was applied to prove the purity of
solated �LG from various milk and dairy products in addi-
ion to the SDS-PAGE approach. To diminish possible protein
orption on the capillary wall, a mild detergent, Tween-20, was
dded to the background electrolyte. Fig. 3(A) shows a typi-
al CZE analysis of aliquots from the commercially available
asteurised milk, that represent two consecutive steps in the
solation protocol—whey fraction (A3) and purified �LG iso-
ation (A4). The upper trace shows the separation of whey,
here major whey proteins, namely �-lactalbumin and �LG
f both major isoforms A and B are clearly distinguished. The
ower trace shows CZE separation of the final isolate, where
nly �LG isoforms A and B are present. Peak identification
as done by spiking the sample with standards and by spectral

canning. The latter enables clear differentiation of �LG from
-lactalbumin, which possesses a characteristic local maximum
t 224 nm (Fig. 3(B)). This separation also sets a stage for the
uantitative determination of both major isoforms of �LG.

.2. Peptic digestibility of βLG isolated from different milk
roducts
Because of its compact globular structure, �LG is a very
oor substrate for proteolytic enzymes, especially for pepsin,
he most important proteolytic enzyme in the human stomach.

er trace) and sample from the final isolation step, corresponding to A4 in Fig. 2
length; buffer: 0.1 M borate, pH 8.3 with 0.05% Tween 20; voltage 25 kV; IS,
the peak apexes of �-lactalbumin and �LG A and B as shown in (A).
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F s treated with pepsin and analyzed by CZE after 30 min of incubation (lower trace).
( added and the sample was analyzed by CZE after 30 min of incubation (lower trace).
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ig. 4. Peptic digestion of whey proteins. (A), a whey sample (upper trace) wa
B), whey sample was pre-heated at 95 ◦C for 10 min (upper trace), pepsin was
ZE conditions as in Fig. 3.

eptic digestibility can be affected by the processing condi-
ions the milk products have undergone, e.g. heat treatment,
ermentation, etc. Heating is known to increase the digestibility
f �LG. Fig. 4(A and B) demonstrates how CZE can monitor
igestion of whey proteins. Addition of pepsin rapidly degrades
-lactalbumin whereas �LG remains intact (Fig. 4(A), lower

race). Extensive heating (95 ◦C for 10 min) of the whey sam-
le drastically lowers the amount of �LG in solution leading to
ts precipitation (Fig. 4(B), upper trace), whereas �-lactalbumin
emains soluble. Pepsin, added to whey treated that way, hydrol-
sed both proteins within minutes, as shown on the electrophero-
ram in Fig. 4(B), lower trace.

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

We investigated the kinetics of peptic digestion to assess
hether proteolytic degradation upon fermentation processes
as pronounced impacts on structural and hence immunochem-
cal properties of �LG. Raw and completely unprocessed milk
as fermented at room temperature. �LG was isolated from fer-
ented milk, pepsin was added, and aliquots were analyzed by
ZE at different incubation times. The upper trace of Fig. 5

hows the �LG isolate before the addition of pepsin, and the

ower trace demonstrates the decrease of the �LG concentration
n this sample (approximately 25%) after 1 h of incubation with
epsin. Several other milk products such as raw milk, pasteurised
ilk and naturally fermented pasteurised milk were analyzed

Fig. 5. Peptic digestion of �LG isolated from naturally fermented raw milk.
�LG isolate (upper trace) was incubated with pepsin for 1 h and analyzed by
CZE (lower trace). CZE conditions as in Fig. 3.
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Fig. 6. Comparison of peptic digestion of �LG isolated from different milk prod-
ucts ((�) raw milk; (�) pasteurised milk; (�) naturally fermented pasteurised
milk; (�) naturally fermented raw milk). Each �LG sample was incubated with
pepsin for the time periods indicated and analyzed by CZE. The peak area of the
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Table 1
Immunochemical data of whey fractions of milk references and fermented dairy
products measured in ELISA

Milk product ELISA response—�LG
[mg/g sample]a

Reference samples
Raw milk 3.71
Pasteurised milk 2.77

Fermented samples

Naturally fermented
raw milk

3.16

Naturally fermented
pasteurised milk

2.50

Sour milk 0.056
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3

t
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rotein was normalized to that of the IS and the initial value before addition of
epsin was set to 100%. Each data point represents the mean of two independent
easurements. CZE conditions as in Fig. 3.

nder these conditions. To provide similar conditions for all
amples, the pepsin/�LG ratio was kept constant at 1:20 (w/w).
or this purpose the concentration of �LG in the various samples
as determined by CE.
Fig. 6 represents the amount of the remaining non-digested

LG relative to its initial concentration plotted against the diges-
ion time of all milk products studied. It shows that pasteurisation
tself does not have any noticeable impact on �LG digestibil-
ty. Only about 10% of �LG isolated from pasteurised milk was
igested after 2 h. However, when milk was naturally fermented,
LG isolated from these products showed a significantly higher

ate of digestion. After 2 h of peptic digestion, about 40% of the
rotein had been hydrolysed. This indicates that fermentation
ignificantly changes the properties of the protein.

.3. Immunochemistry

An indirect, non-competitive ELISA with polyclonal rab-
it anti-�LG antibodies was constructed for assaying the
mmunoreactive �LG content in whey fractions of acidified and
ermented bovine milk products. Immunochemical data of sam-
les corresponding to those analyzed by CZE are collected in
able 1. The ELISA responses relate to equal quantities (mass)
f products used for each sample preparation. The results for
ermented samples were all lower than for non-fermented ref-
rences. Raw and pasteurised milk “naturally” fermented in our
ab only resulted in a slight reduction (�LG detected is still in
he range of milligrams per gram sample), whereas the indus-
rially manufactured sour milk, as well as the “Acidophilus

ilk” reflected a remarkably lower level of immunoreactivity

55–56 �g/g sample). Compared with CE findings that clearly
emonstrated an increase of peptic digestibility of �LG for “nat-
rally” fermented milk samples, the equivalent �LG content
etected by ELISA was still quite high for these samples. This

r
h
s
i

Acidophilus milk 0.055

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

ight indicate the formation of intermediate fragments upon
roteolysis, which are instable to acidic hydrolysis but contribute
o the polyclonal immuno response gained by ELISA [31]. The
LISA gives no specific information about the concentration of
ative protein. The immunoreactivity measured by ELISA is a
ixture of quite different epitopic sites recognised at the level

f the intact protein, as well as of peptide fragments. Haddad et
l. claimed the ability of enzymatically hydrolysed �LG (peptic
nd peptic-tryptic digestion) to elicit IgE antibodies even to a
igher extent than undigested �LG, whereas peptides obtained
y tryptic hydrolysis showed lower in vitro immunoreactivity
31,32].

Therefore, the immunochemical results show that – despite
reduction of native �LG determined by CZE – the naturally

ermented milk products still possess a high level of immunore-
ctivity which presumably results in part from preserved and
ewly exposed epitopes on peptide fragments resulting from the
ermentation process.

The absence of heat treatment in the “naturally” fermented
amples (except for the pasteurisation process that was shown
o have no influence on the kinetics of peptic digestion), might
xplain the differences compared to the sour milk and the Aci-
ophilus milk. Industrially manufactured fermentation products
eed to be treated in an elaborated process for food safety
y a combination of multiple heat treatment and fermentation
teps.

.4. Immunochemical monitoring of peptic digestion

In the next step, peptic digestion of whey fractions from
he industrially fermented products was carried out. Aliquots
ere taken before adding pepsin and after several time intervals.
ll aliquots were assayed for their �LG contents. Milk sam-
les freshly purchased from the store and prepared for peptic
igestion at the same day showed no reduction of immuno-
hemial responses upon digestion (within 90 min of incubation
ith pepsin), while aging of the milk in presence of Lactobacil-

us acidophilus, sour milk, and whey fractions of both samples,

espectively, facilitated the impact of the acid and enzymatic
ydrolysis (pepsin) on the stability of �LG in these fermented
amples enormously (reduction to approximately 30% of the
nitial immunoreactive content). Fig. 7 compares the immunore-
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Appl. 756 (2001) 183.
ig. 7. Comparison of fresh with aged fermented dairy products ((�) sour milk;
�) “Acidophilus milk”). Whey fractions were incubated with pepsin and several
liquots measured in ELISA at time points given in the figure.

ctivity of the samples upon peptic digestion measured by
LISA. For these investigations not only fresh samples, but also
ged dairy products, as well as whey fractions were digested
nd subsequently screened for their different antibody binding
apacities. The samples were stored at 4 ◦C and investigated two
eeks later once more (at the expiration date). The addition of
epsin significantly modified the immunochemical response and
nduced a short but strong increase of the ELISA signal shortly
fter starting the digestion.
All non-fermented reference samples exhibited high stabil-
ty during sample preparation, storage, digestion and ELISA set
p. No reduction in immunoreactivity was observed. Acidifi-
ation itself had no impact on the antibody binding properties

[

. B 841 (2006) 160–167

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

. Conclusions

Fermentation of milk products increases the susceptibil-
ty of �LG towards peptic digestion and results in highly
educed stability of this allergenic protein. As a consequence, the
mmunoreactive �LG content of fermented products is reduced.
elative immuno response alterations were measured and could
e correlated with the changes in peptic digestibility of �LG due
o the fermentation process of bovine milk products. Increased
igestibility might offer a promising way for reducing aller-
enicity. Due to the fact, that only a reduction of �LG aller-
enicity could be observed, the possibility of the remaining �LG
ontent to elicit immune response in individuals is still given.
herefore, highly allergic patients will still react to fermented
roducts, but it might be a strategy for primary prevention in
nfants.

CZE enabled to separate, identify, and quantify allergens
nder non-destructive conditions for monitoring the proteolytic
egradation. To achieve improved correlation of immunological
ntigen–antibody reaction with characteristics of electrophore-
is, further investigations will include the hybrid type given
y Affinity-CZE which involves an antibody–antigen capture
ystem to be integrated in the total analysis and separation
orkflow.
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