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Research Article

Method development for mono- and
disaccharides monitoring in cell culture
medium by capillary and microchip
electrophoresis

The rapidly growing, competitive biopharmaceutical market requires tight bioprocess
monitoring. An integrated, automated platform for the routine online/at-line monitoring
of key factors in the cell culturemedium could greatly improve processmonitoring. Mono-
and disaccharides, as the main energy and carbon source, are one of these key factors. A
CE-LIFmethod was developed for the analysis of several mono- and disaccharides, consid-
ering requirements and restrictions for analysis in an integrated, automated monitoring
platform, such as the possibility forminiaturization tomicrochip electrophoresis. Analysis
was performed after fluorescent derivatization with 8-aminopyrene-1,3,6-trisulfonic acid.
The derivatisation reaction and the separation BGE were optimized using design of exper-
iments. The developed method is applicable to the complex matrix of cell culture medium
and proved transferable to microchip electrophoresis.
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� Additional supporting information may be found online in the Supporting Infor-
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1 Introduction

Biopharmaceuticals such as proteins, antibodies, hormones,
and enzymes have become important products in the phar-
maceutical industry, with mAbs as the most rapidly growing
class [1,2]. Biopharmaceuticals are produced using cell cul-
ture bioprocesses, where the cell culture medium has a large
impact on the growth of cells as well as on product concentra-
tion and quality [3,4]. To increase process understanding and
control critical process parameters, cell culture monitoring
is essential. Process understanding can be further increased
when monitoring is also performed in microbioreactors in
early stage of development. It is most beneficial if the factors
of the cell culture medium are monitored continuously. An
automated analytical monitoring platformwith online and at-
line sensors and detection methods measuring multiple fac-
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tors in the cell culture together with integrated calibration
and data analysis could make continuous monitoring feasi-
ble. The analytical platform will be integrated in bioreactors,
and combined with advanced data management, feedback
control will be applied [5]. In the context of Process Analytical
Technology, although in-line or online analyses are preferred,
automated at-line methods can also advantageously support
real-time decision or feedback control if the measurement
time ismuch smaller than the system dynamics. Mammalian
cells have a doubling time around 24 h or more, and usually
the time for decision can potentially be a couple of hours for
medium or feed adjustments, 10 h according to Rathore et al.
[6]. The present work, focusing on saccharides, is part of the
analytical platform development.

Mono- and disaccharides are the simplest form of car-
bohydrates. In the cell culture medium, they are important
as energy source [7], and for glycosylation of the mAbs [7–9],
and are therefore one of the component groups that should
bemonitored. Glucose is typically used as the primary energy
and carbon source in cell culturemedia. As the type of carbon
source impacts the glycosylation pattern of themAb, a critical
quality attribute, and the consumption of glucose often leads
to increased lactate concentrations, which could inhibit cell
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Figure 1. Mono- and disaccha-

ride structures.

growth, the use of alternative carbon sources is being inves-
tigated [7,10,11]. Hence, the monitoring of other saccharides
simultaneously with glucose is important.

Challenges of saccharide monitoring are that some
monosaccharides are isomeric (Fig. 1) and that they have to
be monitored in the complex matrix of cell culture medium.
Therefore, high separation efficiency is required, which can
be obtained with CE. Furthermore, CE separation takes place
in an open capillary tube, making it less prone to clogging,
and therefore reduces extensive sample clean-up as compared
to other chromatographic techniques. This is beneficial for
analysis in an automatedmonitoring platform. Additional ad-
vantages of CE are the short analysis time, and the possibility
of miniaturization using chip-based separations. Due to the
small instrument setup of microchip electrophoresis (ME), it
is more easily integrated into an automated monitoring plat-
form. In addition to that, ME only requires small amounts of
sample, which makes it more feasible for the monitoring of
microbioreactors. ME is, therefore, selected as the technique
most suitable for continuous monitoring of the saccharides.

The mono- and disaccharides glucose, mannose, galac-
tose, fucose, lactose, and, if feasible, fructose should be quan-
tified in their concentration range in cell culture medium
(0.5–50mM). These saccharides are uncharged and lack chro-
mophore or fluorophore groups (Fig. 1). Therefore, tradi-
tional ME/CE analysis of saccharides are based on (i) contact-
less conductivity detection (C4D) or UV-detection at high pH
(≥12), where carbohydrates undergo a series of reactions re-

sulting in chromophoric anions, enediolates [12–15], (ii) UV
or LIF detection after derivatization with a (charged) chro-
mophore or fluorophore [16–30], or (iii) CE coupled to MS
[31–33]. To fit in an automated monitoring platform, the con-
figuration of the detection techniques should be compact, and
due to the small sample volumes in ME, the detection sensi-
tivity should be high. MS is not easily miniaturized and the
sensitivity of UV detection is dependent on the path length,
which is small in ME. Common ways to increase the path
length for conventional CE, such as a bubble cell or Z-cell, are
not easily achieved on chip [34]. Hence, MS and UV detection
are out of scope here. Preliminary experiments showed that
the resolution for mannose and fructose, and the sensitivity
of the saccharides obtained with C4D after separation at alka-
line conditions were insufficient (data not shown). Therefore,
LIF detection after fluorescent derivatizationwas used for this
work.

The method is supposed to be applied for unattended
analysis, in a closed system, for the duration of the upstream
cell process campaign. This means that the method must ad-
here to high-quality standards, which includes the search for
less toxic and stable options for chemicals being used and the
method being extremely robust and rugged. For automated
analysis and reprocessing of the data, repeatability and re-
producibility are extra important. These considerations for
method requirements will narrow the options for method
development. In this research, a method was developed for
the quantification of mono- and disaccharides in cell culture
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medium samples using the principles of analytical quality by
design to adhere to these high-quality standards.

2 Materials and methods

2.1 Chemicals

d-(+)-Glucose monohydrate, d-(+)-mannose, d-(+)-
galactose, d-(-)-fructose, l-(-)-fucose, 1 M sodium cyanoboro-
hydride (NaBH3CN) in THF, 2-picoline borane complex
(2-PB), boric acid, citric acid, lactose monohydrate, THF,
DMSO, SDS, and poloxamer 188 10% solution were ob-
tained from Merck/Sigma Aldrich (Darmstadt, Germany).
Methanol (MeOH) absolute was obtained from Biosolve
(Valkenswaard, the Netherlands). 8-Aminopyrene-1,3,6-
trisulfonic acid (APTS) (≥96.0%), 2-aminobenzoic acid
(2-AA), and 2-aminobenzamide (2-AB) were purchased from
Sigma Aldrich. 2-AA and 2-AB were dissolved in DMSO
to a concentration of 1 M. APTS-M (extra purified for
monosaccharide analysis) was obtained from BeckmanCoul-
ter (Woerden, the Netherlands). Note that 20 mg APTS-M
was dissolved in 400 μL water, as described by Sciex [35].
Cell culture medium based on FMX-8 medium with certain
modifications (FMX-8 MOD) (Table S1), saccharide-free
cell culture medium, and spent cell culture medium were
provided by the Department of Industrial Biotechnology,
KTH Royal Institute of Technology, Stockholm, Sweden. The
spent cell culture medium sample was taken at day 4 during
cultivation of Chinese hamster ovary cells (TurboCell(TM),
Rentschler Biopharma, Laupheim, Germany) in a 4 L re-
actor (Belach Bioteknik, Stockholm, Sweden). Water was
of MilliQ-grade (18.2 M�·cm), all other chemicals were of
analytical grade.

2.2 Instrumental conditions

2.2.1 Capillary electrophoresis

Preliminary experiments investigating fluorescence derivati-
zation and separation were performed on an Agilent 7100
capillary electrophoresis systemwith a Diode ArrayUV detec-
tor (Waldbronn, Germany). Data processing for this instru-
ment was done with Chemstation software. Bare fused silica
capillaries with 50 μm id, 33.0 cm total length, and 24.5 cm
effective length were purchased from Agilent Technologies.
Samples were introduced hydrodynamically with 10mbar for
3 s, followed by the injection of a BGE plug with 10 mbar for
3 s. The applied voltage ranged from 13 to 20 kV depending
on the conductivity of the used BGE, and the voltage was ap-
plied in a ramp of 0.5 min. The detector signal was recorded
at 200 nm. Optimization of the derivatization and the BGE
was performed on a Beckman PA 800 plus with LIF detector
(Woerden, the Netherlands). With this instrument, data pro-
cessing was performed with 32Karat. Bare fused silica capil-
laries with 50 μm id were obtained from Sciex and cut to a

total length of 30 cm with an effective length of 20 cm. Sam-
ples were introduced hydrodynamically with 0.5 psi for 5 s,
followed by the injection of a BGE plug with 0.5 psi for 5 s.
The applied voltage was 15 or 11.8 kV, depending on the BGE,
and applied in a ramp of 0.5 min. The excitation wavelength
was 488 nm and the emission wavelength was 520 nm.

For all experiments, positive polarity mode was used.
Separations were carried out at 20°C. Before first use, the cap-
illary was flushed successively with 1 M NaOH, water, and
BGE at 1 bar for 20 min each. At the beginning of each work-
ing day, the capillary was flushed successively with 0.1 M
NaOH, water, and BGE at 1 bar for 10 min each. Prior to each
injection, the capillary was preconditioned with 0.1 M NaOH
for 1 min, water for 1 min, and BGE for 2 min at 1 bar.

2.2.2 Microchip electrophoresis

ME separations were performed on a prototype ME system
from Micronit B.V. (Enschede, the Netherlands) equipped
with a laser diode module (Thorlabs, CPS450) and photo-
sensor module (Hamamatsu, H7827-012) for LIF detection.
Double T fused-silica CE microchips with channel dimen-
sions of 50 × 20 μm and separation length of 7.9 cm were
obtained from Micronit. Before use, the microchips were
manually flushed with 1 M NaOH, 0.1 M NaOH, and twice
with water using approximately 3.5 μL of solution. The sepa-
ration channels were filled with BGE before the microchip
was mounted in the microchip holder (Micronit, EOF KIT
9015). Themicrochip holder was connected to a four-channel
output high-voltage sequencer (eDAQ, Denistone East, Aus-
tralia). Note that 50 μL of BGE was added to all wells and
the microchip was electrokinetically flushed for 10 min us-
ing 2500 V on the sample and waste compartments, 3000 V
to the BGE inlet, and –1000 V to the BGE outlet. The BGE
was replaced with new BGE and sample was added with a
micropipette. A pinched injection was performed by apply-
ing 1000 V to the sample compartment, grounding the waste
compartment, and applying 500 V and 1000 V to the inlet and
outlet BGE compartments, respectively, for 30 s. The separa-
tion voltages were the same as for the electrokinetic flushing
step. LIF detection was performed with excitation wavelength
at 450 nm and emission wavelength at 500 ± 25 nm. After
each analysis, the sample well was rinsed with 50 μL water.
The electrokinetic flushing step was repeated with new BGE
in all reservoirs, and after each set of analysis, the microchip
was manually flushed as described previously.

2.3 BGE preparation

BGEs containing boric acid at alkaline conditions were tested.
The BGEs had varying boric acid concentrations and differ-
ent additives such as polysorbate 20, polysorbate 80, polox-
amer 188, and/or SDS. The pH was adjusted with NaOH and
ranged from 8.5 to 10. The BGE was optimized using de-
sign of experiments (DoE). The design was created and the
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data were processed using the DoE software MODDE (ver-
sion 12.1, Sartorius, Göttingen, Germany). The parameters
were optimized in a Central Composite Orthogonal design,
and the center point was prepared in triplicate. The final BGE
consisted of 160 mM boric acid, 100 mM SDS, 0.1% polox-
amer 188, and 54 mM NaOH and had a pH of 8.8.

2.4 APTS derivatization

Method development was performed with an equimolar
(16.7 mM) standard saccharide mixture. For preliminary
experiments, to 5 μL of standard saccharide mixture (either
after drying in a vacuum centrifuge or directly), 2 μL deriva-
tization agent and 2 μL reducing agent were added. The
derivatization agent was either APTS-M, 2-AA, or 2-AB, and
the reducing agent was either 1 M NaBH3CN in THF or 1 M
2-PB in DMSO. Samples were then incubated at 60°C for 60
or 90min. The reaction was quenched by adding 46μL water.

For the optimization of the reaction, the concentrations
of APTS, 2-PB, and citric acid were varied in a Central Com-
posite Orthogonal DoE, and the center point was analyzed in
triplicate. Samples were prepared by mixing 3 μL saccharide
mixture containing citric acid with 3 μL APTS in water and
3 μL 2-PB in MeOH. The concentrations of the stock solu-
tions varied to obtain the appropriate end concentrations in
the reaction mixture. The reaction mixtures were incubated
at 60°C for 90 min and subsequently, 24 μL water was added
to the reaction mixture.

The final sample preparation was performed by mixing
5 μL sample with 5 μL 2-PB (1.24 M in MeOH) and 5 μL
APTS (0.26 M in 0.7 M citric acid). The reaction mixture was
incubated at 60°C for 60 min and subsequently 40 μL wa-
ter was added. All samples were diluted 10× with water for
CE-UV analysis, 60×with water for CE-LIF analysis, or 200×
with BGE for ME-LIF analysis.

3 Results and discussion

3.1 Optimization of APTS derivatization

Frequently used fluorescent derivatization agents for
monosaccharides include APTS [16–24], 2-AA [25–28,36],
and 2-AB [29,37]. Preliminary experiments were performed
with these derivatization agents. Even though these ex-
periments were performed with UV-detection instead of
LIF-detection, the sensitivity was sufficient for the intended
purpose. Separation of the epimers (derivatized) glucose
and mannose proved challenging. Only APTS-derivatized
glucose and mannose were separated. Therefore, method
development was continued on APTS derivatization.

Derivatization of reducing saccharides with APTS is
based on reductive amination. The first step is the acid-
catalyzed opening of the ring structure. The reducing end
of this open-chain structure reacts with the primary amine
of the APTS, yielding a Schiff base. The Schiff base is then

reduced with a reducing agent to form a stable secondary
amine [38,39]. The reducing agents used for the derivatiza-
tion reaction are prone to hydrolysis. Hence, saccharide sam-
ples are often dried before derivatization, which is not feasi-
ble for sample preparation in a closed system. Experiments
showed that, although aqueous derivatization was slightly
less efficient, drying the sample was not required (data not
shown). Furthermore, the most commonly used reducing
agent for reductive amination, NaBH3CN, is toxic and pro-
duces the evenmore toxic hydrogen cyanide gas upon hydrol-
ysis. A safer alternative is the nontoxic 2-PB [40,41]. When
comparing the reaction efficiency with either NaBH3CN or 2-
PB as reducing agent, derivatization using 2-PB was slightly
less efficient; however, the reaction yield was still sufficient
for analysis.

The derivatization efficiency was maximized by optimiz-
ing the reaction conditions. First, the effect of the reaction
solvent was investigated. The derivatization reaction was per-
formed by mixing a saccharide sample with aqueous APTS
containing citric acid and a 2-PB solution. DMSO, MeOH,
and THF were tested as solvent for 2-PB. When using THF
as reaction solvent, an artifact peak appeared in the electro-
pherogram. The derivatization efficiency increased when us-
ing MeOH instead of DMSO. This could be explained by the
effect of these solvents on the pKa of citric acid. The pKas
of acids are often higher in DSMO than in MeOH; hence, in
DMSO fewer protons are provided for the opening of the sac-
charide ring structures [26,42].

Second, the concentrations of APTS, 2-PB, and citric acid
in the reaction mixture were optimized using DoE. A stan-
dard saccharide sample was derivatized with varying con-
centrations of APTS, 2-PB, and citric acid in the ranges 40–
95 mM, 250–600 mM, and 200–500 mM, respectively. The
peak areas of the derivatized saccharide peaks were modeled
with the DoE software MODDE, and the optimal conditions
to maximize the saccharide peak areas were calculated. The
optimal reaction concentrations were 88 mM APTS, 0.4 M 2-
PB, and 0.23 mM citric acid. Figure 2 shows the effect of the
APTS and citric acid concentration (A), and the APTS and 2-
PB concentration (B) on the total peak area of the saccharides.
The peak areas do not drastically change over the design; at
all tested concentrations, the reaction yield was sufficient for
analysis, demonstrating the robustness of the derivatization
reaction.

Lastly, the incubation time and temperature were evalu-
ated. Fructose, as a ketose sugar, is more difficult to derivatize
[39,43] and was not detected at any of the previous reaction
conditions. It was reported that fructose could be derivatized
with APTS when using a longer incubation time [23]. When
derivatizing a high concentration fructose standard at 75°C
for 2.5 h, fructose was indeed derivatized. When the deriva-
tized fructose sample was spiked into the derivatized stan-
dard saccharide mixture (5:1), all six saccharides could be de-
tected and separated (see Fig. S1). Unfortunately, derivatizing
a standard saccharide mixture at 75°C for 2.5 h did not result
in a quantifiable fructose peak. This is possibly due to com-
petition in the derivatization reaction.

© 2021 Kantisto BV. Electrophoresis published by Wiley-VCH GmbH www.electrophoresis-journal.com
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Figure 2. Response contour

plot of the total peak area for

the factors (A) APTS and 2-PB

with the citric acid concentra-

tion set to 0.23 M and (B) APTS

and citric acid with the 2-PB

concentration set to 0.4 M.

Figure 3. CE-LIF analysis

of APTS-derivatized stan-

dard saccharide mixtures

incubated at different tem-

peratures (60–90°C) and

for different times (1–2 h)

analyzed with BGE: 100 mM

borate, 0.1% poloxamer 188,

pH 9.6. Applied voltage 15 kV,

resulting current 46 μA.

In order to find the optimal derivatization conditions for
the aldose sugars, a DoE with the factors incubation tem-
perature and incubation time was conducted in the range of
60–90°C and 1–2 h, respectively. The parameters were varied
in a Central Composite Orthogonal design, and the center
point was prepared in duplicate. Figure 3 shows an overlay
of the electropherograms obtained when performing the
DoE. This figure shows the robustness of the derivatization
reaction; the difference in total peak area obtained with the
different conditions is minimal. This indicates that the re-
action is sufficiently completed at each time point. Since the
tested incubation conditions do not have amajor effect on the
derivatization efficiency, the lowest temperature for the short-
est time, 60°C for 60 min, was selected. It was further inves-
tigated whether shorter times than 60 min at 60°C would be
feasible. However, shortening the reaction time below 60min
gave reduced labeling efficiency. Analyzing the saccharide
concentration each hour is sufficient for process monitoring.

3.2 BGE selection and optimization

Due to the charge added by the APTS fluorophore to the oth-
erwise neutral mono- and disaccharides, separation of APTS-
derivatized saccharides can be studied below the enediolate
forming pH range (>12). Each saccharide reacts 1:1 with
APTS, resulting in an equal charge on each saccharide. Con-
sequently, the separation is purely based on size. Indeed,
when analysis was performed in a glycine/triethylamine BGE
at pH 9.3, no resolution was observed between the isomeric
monosaccharides, confirming the size-based separation (data

not shown). Borate is known to form complexes with sac-
charides by interacting with vicinal hydroxyl groups of the
saccharides [24,28,44], which could enhance separation of
isomers. When the separation was performed with a borate
BGE at pH 9.6, the isomericmonosaccharides were separated
(Fig. 3).

When the APTS-derivatized saccharides were analyzed
repeatedly in only borate, an increase in migration times
was observed. This could indicate adsorption to the capillary
wall, which would be a problem, even more so for the dirtier
cell culture medium samples. Neutral surfactants such as
poloxamer 188, polysorbate 20, and polysorbate 80 could
prevent adsorption [45]. The addition of these three sur-
factants in different concentrations to the BGE was tested.
All three surfactants seemed to have a similar effect on the
separation. Polysorbate 20 and 80 are viscous solutions, and
therefore, more difficult to work with. Poloxamer 188 does
not have these issues and since poloxamer 188 is already
used as antifoam in cultivation processes, no compatibility
issues are expected with the samples. Hence, poloxamer 188
was selected as additive. Best results were obtained with a
concentration of 0.1% poloxamer 188.

The BGE was optimized using DoE. Using micellar elec-
trokinetic chromatography could enhance separation due to
the extra separation mechanism introduced by the micelles,
therefore, SDS was included as a factor in the design. In ad-
dition, compatibility with other methods developed for the
integrated platform such as amino acid analysis [46] would
improve. The boric acid concentration, the SDS concentra-
tion, and the pH were varied in the ranges 80–160 mM,
0–100 mM, and 8.5–9.5, respectively. For all BGEs, the
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Figure 4. CE-LIF analysis of

APTS-derivatized (A) standard

saccharide mixture, (B) FMX-

8 MOD cell culture medium

spiked with a standard saccha-

ride mixture, and (C) FMX-8

MOD cell culture medium ana-

lyzed with BGE: 160 mM boric

acid, 100 mM SDS, 54 mM

NaOH, 0.1% poloxamer 188.

Applied voltage 11.8 kV, result-

ing current 48 μA.

poloxamer 188 concentration was kept constant at 0.1%. Next
to a standard saccharide mixture, a cell culture medium sam-
ple spiked with the standard saccharide mixture was used for
this experiment in order to verify that no medium compo-
nents interfered with the saccharide peaks. The resolutions
of the saccharide peaks were modeled in MODDE. The addi-
tion of SDS to the BGE increased resolutions. The optimal
BGE conditions were calculated to be 160 mM boric acid,
100 mM SDS, and pH 8.8, which was achieved by adding
54 mM NaOH. No interfering medium peaks were present
in the electropherogram (Fig. 4). The optimal concentrations
for both boric acid and SDS are at the edge of the design
space; this suggest that the optimal BGE concentrations could
be outside of the design space. A BGE with 200 mM boric
acid was tested; however, resolutions did not significantly in-
crease. Since the resolutions obtained with the concentration
at the edge of the design space were sufficient and higher
BGE concentrations result in higher currents, the design
space was not expanded and the BGE containing 160 mM
boric acid, 100mMSDS, 0.1% poloxamer 188, 54mMNaOH,
pH 8.8 was selected. Migration times and resolutions were
similar when amono- and disaccharidemixture was analyzed
at these final conditions in the KTH lab.

3.3 Method validation

The migration time and corrected peak area repeatabilities,
based on six consecutive runs of a standard saccharide sam-
ple prepared in triplicate, were all within 0.8% RSD and 4.5%
RSD, respectively (Table S2), which is within the 10% preci-
sion required for the method. Linearity was investigated over
the range of which the saccharides can be present in the cell
culture medium, 0.50–60 mM. Calibration plots were linear
over this range with correlation coefficients of 0.99 or higher
for all saccharides (Table S2 and Fig. S2). For recovery de-
termination, known glucose concentrations were spiked into

saccharide-free cell culture medium (four samples, concen-
tration range: 14.5–36.4 mM). The samples were analyzed in
triplicate and their concentration was determined with a one-
point calibration using 50 mM glucose standards. The cali-
bration standards were prepared in water or in saccharide-
free cell culture medium. Quantifying with either calibration
standard, recoveries were all within 90–110% (Table S3), in-
dicating that calibration can be performed using calibration
standards in water.

3.4 Microchip electrophoresis results

A standard saccharide mixture, FMX-8 MOD medium, and
spent cell culture medium were analyzed with the prototype
ME setup. The method developed on capillary proved trans-
ferable to a silica chip. All five saccharides were separated
within 5 min (Fig. 5). The medium and the spent medium
samples contained only glucose, and no interfering peaks
from the cell culture medium were observed. The samples
were analyzed in triplicate to compare precision with the cap-
illary method. Full validation on chip will be performed when
the integrated monitoring platform will be available. For the
standard saccharide sample, the migration time repeatabil-
ities of all peaks were within 0.3% RSD and the peak area
repeatabilities were all within 15%. The migration time and
peak area repeatabilities of the glucose peak in the cell cul-
turemedium and the spent cell culturemedium sample were
slightly higher with 0.8% and 2.9% RSD on migration time
and 11% and 31% RSD on peak area, respectively. The pre-
cision of the method can be improved by adding an internal
standard, which can also be used as internal calibration stan-
dard when added before derivatization. These results are a
good proof-of-concept for the analysis of mono- and disaccha-
rides with ME in complex matrixes such as the cell culture
samples.

© 2021 Kantisto BV. Electrophoresis published by Wiley-VCH GmbH www.electrophoresis-journal.com
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Figure 5. ME analysis of

APTS-derivatized (A) standard

saccharide mixture, (B) spent

cell culture medium after

4 days, and (C) cell culture

medium (FMX-8 MOD) ana-

lyzed with BGE: 160 mM boric

acid, 100 mM SDS, 54 mM

NaOH, 0.1% poloxamer

188. Applied field strength

456 V/cm, resulting current

15 μA.

4 Concluding remarks

In this work, the APTS-derivatization reaction to derivatize
themono- and disaccharides glucose,mannose, galactose, fu-
cose, and lactose together with the BGE for their separation by
CE andMEwere optimized. Using a BGE containing both bo-
rate and SDS, all saccharides were separated with good reso-
lution. Themethodwas linear over the range inwhich the sac-
charides are present in the cell culturemedium (0.5–50mM),
and good correlation was found between the calculated and
the measured data when one-point calibration was applied.
The developed method was tested with ME, and these results
show a proof-of-concept for the simultaneous analysis of the
saccharides in cell culture medium samples with ME. The re-
sults also showed thatmethod development for the integrated
monitoring platform can be performed on a conventional au-
tomated CE instrument with fused silica capillaries, and then
be transferred to fused silica chips. With additional testing
on ME and online APTS derivatization, it is expected that the
method can be adapted in such a way that it can be integrated
in an automatedmonitoring platformwith integrated calibra-
tion and data analysis. Due to the robustness of the derivatiza-
tion reaction, no complications are expected for the transfer
to automated derivatization. In order to adhere to the high re-
quirements on precision, the addition of an internal standard
to improve injection precision on chip should be investigated.
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