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Abstract

A method is described for the direct determination of small inorganic cations in samples containing large amounts of
proteins, such as milk or blood plasma. The method is based on electrokinetic injection in a flow injection analysis—capillary
electrophoresis (CE) system. The selected CE-electrolyte, containing 5 mM 4-aminopyridine and 7 puM cetyltrimethyl-
ammonium bromide at pH 4.5, prevents detrimental protein adsorption on the capillary walls. Therefore, no sample
pretreatment, except for dilution, is required. Up to 30 repeated injections in one electrophoretic run can be performed,
yielding RSD values of the migration time of less than 1 and 2.5% (n=30) for milk and blood plasma samples, respectively.
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1. Introduction

Since the introduction of capillary electrophoresis
by Jorgensson and Lukacs [1,2], it has been known
that proteins adsorb on the walls of fused-silica
capillaries. It is believed that the adsorption occurs
due to the interaction between the silanol groups,
Si—O7, on the capillary wall (at pH>2) and proteins
possessing substantial charge at pH values different
from their isoelectric points (pl). Efforts have been
made to deactivate the wall charge of the fused-silica
capillaries. The use of coated capillaries has been
recommended [3-21], although some of the coatings
can be used only within a limited pH range. Further
drawbacks are the limited time stability, the tedious
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preparation and the irreproducible behaviour. Various
other solutions to prevent protein adsorption on the
walls of uncoated capillaries have been proposed and
impressive results with respect to speed of analysis,
resolution and efficiency have been achieved. For
example, the addition of inorganic salts [22], surfac-
tants [23,24] and zwitterions [25] have been reported
as well as the use of electrolytes with either high or
low pH values [26,27].

The determination of small ions in proteinaceous
samples, i.e., samples containing up to 10% of
proteins of various kinds, is an analytical challenge.
In milk, for instance, the distribution of small ions
between the liquid and colloidal phases has an
impact on the coagulation and is therefore important
in the cheese-making process [28]. In clinica analy-
sis, the determination of the ion content in samples
such as blood or blood plasma is routinely performed
[29]. When capillary electrophoresis (CE) is applied
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to the determination of small ions in these samples,
protein adsorption becomes a serious problem. Ad-
sorbed proteins ater the rate of the electroosmotic
flow (EOF) and, therefore, the amounts of sample
introduced can vary. The separation efficiency de-
creases and the peak shapes of small ions deteriorate.
Several solutions to this problem have been sug-
gested. The most straightforward approach is to rinse
the capillary between runs [29] and a 0.1-M solution
of NaOH has been found to effectively remove the
proteins. However, when strong akaline solutions
are used, subsequent capillary conditioning with the
electrolyte becomes mandatory so that stable electro-
phoretic conditions are achieved. Another approach
involves the physical separation of the proteins by
centrifugation for 15 min before sample injection
into the capillary [28]. In the case of milk samples,
physical separation of caseins can only be achieved
by using ultracentrifugation at very high speeds and,
indeed, this certainly alters the mineral balance, since
the colloidal calcium phosphate precipitates with
casein micelles. During the centrifugation process,
the liquid—colloidal balance might vary between the
solid pellet and the liquid bulk of the sample, and a
difference in ion concentration can be obtained. It is
evident that both methods are time-consuming and
might lead to erroneous results.

In the present paper, we describe suitable elec-
trolytes and experimental conditions permitting the
direct determination of small cations in protein-con-
taining samples such as milk and blood plasma.

2. Experimental
2.1. Electrolyte, standard and sample solutions

All electrolyte and standard solutions were pre-
pared by dissolving reagent-grade chemicals in
deionized water from an Elgastat UHQII (Elga, High
Wycombe, UK). The electrolyte was prepared daily
from the following stock solutions: 50 mM p-amino-
pyridine (PAP), 30 mM cetyltrimethylammonium
bromide (CTAB, 5% acetonitrile in water), 0.1 M
H,SO, and 0.1 M HCI. The pH of the eectrolyte
was first adjusted with H,SO, to about five and,
subsequently, with HCI to a fina value of 4.5. The
resulting mixture was then degassed and filtered (if

necessary). Stock solutions of the cations, 10 000
ppm, were prepared from their chloride salts. Work-
ing standard solutions containing the cations being
investigated were prepared by mixing the corre-
sponding cation stock solutions and diluting with
deionized water to the desired final concentrations.

The real samples, i.e., the milk and blood plasma
samples, were introduced without any pretreatment
other than dilution, which was 1:10 (v/v) for the
milk samples and 1:20 (v/v) for the blood samples.
The milk samples had a fat content in the range of
0.5 to 3.0%.

2.2. Instrumentation

Fused-silica capillaries, 375 um O.D.X50 pm I.D.
(Polymicro Technologies, Phoenix, AZ, USA), hav-
ing a total length of 70 cm, were utilised. The
detection window was burnt at a distance of 20 cm
from the capillary end. When a capillary was used
for the first time, it was preconditioned with 0.1 M
NaOH for 20 min, then with distilled water for 10
min and with air for 5 min, followed by flushing
with electrolyte solution for 20 min. The daily
closing-down procedure consisted of rinsing the
capillary with distilled water for 5 min followed by
flushing with air for 5 min. Flow injection analysis
(FIA)-CE systems with electrokinetic [30] and
hydrodynamic [31] injection were used for the direct
introduction of samples and standard solutions.

3. Results and discussion
3.1. Choice of the injection mode

Two injection modes, electrokinetic (EK) and
hydrodynamic (HD) using FIA—CE systems [30,31],
were initially tested to assess their suitability for
direct injection of proteinaceous samples. An elec-
trolyte composition of 5 mM PAP and 7 M CTAB
at pH 4.5 was used. The results are shown in Table
1, indicating that the EK injection mode was superior
with respect to sensitivity and the magnitude of the
matrix effects. Furthermore, the discrimination of
large, less charged, components in the sample, for
instance proteins, seems to be reproducible for this
injection technique. There are two possible explana-
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(T)itr)LTJ:rison of the repeatability (RSD,%) of EK and HD injection modes for milk samples (n=10)

K* Na* ca** Mg>*

t,? PA° ty, PA t,, PA ty, PA
EK injection 0.61 1.76 0.81 2.53 0.88 2.74 0.98 4.96
HD injection 0.38 5.62 0.32 6.51 0.52 7.67 0.53 9.22

*t,,=migration time.
® PA=peak area.

tions for the imprecision observed for the HD
injection technique. First, the hydrodynamic flow
into the capillary may be atered between injections
due to memory effects caused by capillary wall
interactions with fat and colloids in the sample.
Second, the HD injection is less sensitive, i.e., less
sample is introduced in comparison with EK in-
jection. When less sample is introduced, the impreci-
sion increases. Conseguently, the EK injection mode
in the FIA—CE system was used in all subsequent
experiments.

3.2, Choice of electrolyte

PAP has been shown to provide high separation
efficiency and sensitivity when used as a background
electrolyte in the determination of small inorganic
cations and one obvious advantage is its applicability
over a large pH range, from three to ten [32]. In
preliminary experiments, the separation of the inor-
ganic cations K™, Na", Ca®", Mg®" and Li" was
carried out in a5-mM PAP electrolyte solution of pH
values of three to five. Large variations in the
migration times of these ions were observed in milk
and plasma matrices when these samples were
consecutively injected. A systematic study was car-
ried out in order to evaluate the effect of pH, and of
the addition of CTAB to the running electrolyte, on
the rate and magnitude of protein adsorption. It was
found that a decrease in pH and the addition of
CTAB improved the run-to-run repeatability of the
analysis. An electrolyte composition of 5 mM PAP
and 7 puM CTAB at pH 4.5 seems to be a suitable
compromise when it comes to avoiding adsorption of
proteins on the capillary wall. In Fig. 1, elec-
tropherograms of inorganic cations in milk and blood
plasma samples are depicted. By increasing the
CTAB concentration further, protein adsorption

could be totally circumvented, however, the EOF
then decreased and the migration times for cations
became unacceptably long. The RSD values of the
migration times are within 1% for milk and 2.5% for
plasma samples (Table 2) when an electrolyte com-
position of 5 mM PAP and 7 uM CTAB, pH 4.5, is
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Fig. 1. Electropherograms of diluted (1:10, v/v) milk (A), and
diluted (1:20, v/v) blood plasma (B) samples using the electrolyte
composition 5 mM PAP+7 pM CTAB, pH 4.5. Conditions:
FIA—CE system with EK injection; sample loop, 100 pl; sample
flow-rate, 3 ml/min; HV, 25 kV; indirect UV detection, 262 nm.
Peaks: 1, K*; 2, Na*; 3,Ca”"; 4, Mg®"; 5, unidentified.
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Table 2
Repeatability (RSD) of migration times for some cations in milk
and blood plasma samples (n=30)

K + Na+ Ca2+ M 92+
Milk 0.58 0.80 0.91 1.00
Plasma 2.07 242 247 —

used. This difference is probably due to the presence
of proteinsin the plasma samples for which CTAB is
a less suitable flow modifier, but further investiga-
tions are required. While complete elimination of
protein wall adsorption has been achieved for the
milk samples, the proteins in the blood plasma
samples still tend to be partialy adsorbed (see Fig.
2). Electropherograms of 20 consecutive direct in-
jections of diluted milk and blood plasma samples

1.06

are shown in Fig. 3. Table 3 shows the results of the
quantitative analysis and reference values. Li™ was
used as an interna standard. A previously described
internal standard method [33] was applied.

4. Conclusions

It has been shown that the FIA—CE system with
electrokinetic injection can be successfully used for
the direct analysis of proteinaceous samples. The
combination of this injection mode and the proposed
electrolyte composition improves the run-to-run re-
peatability of migration times of the selected inor-
ganic cations significantly, due to the selective
injection discrimination and decreased protein—wall
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Fig. 2. Change in migration times for 30 consecutive injections of milk and blood plasma samples. Transformed migration times (t,,, /t,, )

are plotted against the injection number. Conditions were the same as in Fig. 1.
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Fig. 3. Electropherograms of 20 consecutive injections of milk (a) and blood plasma (b) samples. Conditions and peaks are the same as in

Fig. 1.



326 P. Kuban et al. / J. Chromatogr. A 857 (1999) 321-326

Table 3
Measured concentrations (mg/1) of inorganic cations in milk and blood plasma samples
K + Na+ Ca2+ Mg2+
Milk 3231 (1400)* 775 (400)* 751 (1200)* 84.0 (120)*
Plasma 104 (156)* 3817 (3300)* 24.5 (100) ND® (22)%

® Reference values.
® Not detected.

adsorption. The performance of the FIA—CE system
was superior to that observed for commercial CE
systems. The evaluation of similar electrolyte sys
tems, additives and other electrolyte parameters that
can be used for fast and direct analysis of samples
with high protein concentration is in progress.
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