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Abstract A simple, low-cost, and efficient online focusing
method that combines a dynamic pH junction and sweeping
by capillary electrophoresis with polymer solutions was de-
veloped and optimized for the simultaneous determination of
benzoic acid (BA) and sorbic acid (SA). A sample solution
consisting of 2.5 mM phosphate at pH 3.0 and a buffer
solution containing 15 mM tetraborate (pH 9.2), 40 mM so-
dium dodecyl sulfate, and 0.100 % (w /v) poly(ethylene oxide)
were utilized to realize dynamic pH junction–sweeping for BA
and SA. Under the optimized conditions, the entire analysis
process was completed in 7 min, and a 900-fold sensitivity
enhancement was achieved with limits of detection (S/N=3)
as low as 8.2 and 6.1 nM for BA and SA, respectively. The
linear ranges were between 20 nM and 20 μM for BA and
20 nM and 10 μM for SA, with correlation coefficients greater
than 0.992. The recoveries of the proposed method ranged
from 90 to 113 %. These satisfactory results indicate that this
method has the potential to be an effective analytical tool for
the rapid screening of BA and SA in different food products.

Keywords Benzoicacid .Capillaryelectrophoresis .Dynamic
pH junction–sweeping . Sodium dodecyl sulfate . Sorbic acid

Introduction

Preservatives are typically used during the production and
storage of foods to control the growth of undesirable micro-
organisms, thus maintaining the freshness of food commodi-
ties. Benzoic acid (BA), sorbic acid (SA), and their salts are
commonly used as chemical preservatives in foodstuffs to

inhibit the activity of a wide range of fungi, yeasts, molds,
and bacteria [1–6]. However, the excessive addition of BA
and SAmay be harmful to human health [7–9]. Themaximum
allowable concentrations of these preservatives in foodstuffs
are controlled by legislation. To assess their concentrations in
foodstuffs and ensure food safety, it is important to develop
convenient, inexpensive, and rapid analytical methods for
these preservatives.

To date, several analytical methods for the determination of
BA and SA in foodstuffs have been reported, including gas
chromatography (GC) [10–12], high-performance liquid chro-
matography (HPLC) [13–15], and capillary electrophoresis
(CE) [16–20]. GC and HPLC are the most powerful tech-
niques for simultaneously detecting BA and SA, but they
always require relatively long analysis times, consumption
of large quantities of the mobile phase, and sample pretreat-
ment. With its reduced sample and reagent consumption, fast
separation speeds, and high separation efficiency, CE is be-
coming an attractive analytical method. Although CE is ben-
eficial for obtaining high resolution and efficiency, due to the
short optical path length for UV detection and low sample
injection volumes, poor concentration sensitivity is a major
disadvantage. Online preconcentration can be regarded as the
most facile way to achieve CE sample enrichment. To date,
various online focusing strategies for CE have been devel-
oped, such as large-volume sample stacking, field-amplified
sample stacking, transient isotachophoresis, dynamic pH
junction, and sweeping; all of these methods have been well
reviewed [21–24]. Each strategy utilizes a distinct focusing
mechanism that involves changing the mobilities of analytes
during electrophoresis on the basis of the differences in the
electrolyte properties of the sample solution and background
electrolytes (BGE).

Dynamic pH junction is based on the creation of a pH
discontinuity that is established by injecting the sample at a
different pH than the BGE and can be used to concentrate
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weakly ionic analytes [25]. Sweeping utilizes the interactions
between a pseudostationary phase or complexing agent,
which is present only in the separation buffer, and the sample
in the matrix [26]. The accumulation is based on chromato-
graphic partitioning, complexation, or interactions between
the analytes and the additives during the electrophoretic pro-
cess. Recently, combining dynamic pH junction and sweep-
ing during CE has been reported to lead to further improve-
ments in sensitivity [27–29]. This approach integrates the
merits of both dynamic pH junction and sweeping and im-
proves separation selectivity and sensitivity. Thus, the dy-
namic pH junction–sweeping method can be used to focus
both weakly ionic and neutral analytes. Britz-McKibbin et al.
[27] first used dynamic pH junction–sweeping CE using
laser-induced fluorescence for the determination of flavin
derivatives with a picomolar detection limit. A dynamic pH
junction–sweeping CE method for the analysis of toxic pyr-
rolizidine alkaloids in Chinese herbal medicines with a de-
tection limit as low as 30 ppb was also demonstrated by Yu
and Li [28]. In addition, Chen et al. [29] used dynamic pH
junction–sweeping CE with laser-induced fluorescence for
the determination of four dipeptides and achieved detection
limits from 1.0 to 5.0 pM.

In this study, a dual dynamic pH junction–sweeping strat-
egywas used for online focusing of BA and SA to improve the
detection sensitivity. In addition, critical factors such as the pH
and concentration of the sample phosphate solution and BGE,
the amount of sodium dodecyl sulfate (SDS), and the use of
poly(ethylene oxide) (PEO) in separation buffers were care-
fully examined to achieve the maximum focusing effect. This
method was also tested for the simultaneous determination of
nanomolar levels of BA and SA; therefore, it should be
applicable for the direct analysis of common food samples
using CE after only simple dilution.

Experimental

Chemicals and reagents

BA, PEO (Mv=8.0×10
6 g mol−1), SA, and SDS were pur-

chased from Sigma-Aldrich (St. Louis, MO, USA). Sodium
tetraborate was purchased from Acros Organics (Geel, Bel-
gium). Sodium dihydrogen phosphate, disodium hydrogen
phosphate, and sodium hydroxide were purchased from
Riedel-de Haën (Seelze-Hannover, Germany). Phosphoric
acid was purchased from J.T. Baker (Phillipsburg, NJ,
USA). The standards were individually dissolved in deion-
ized water at a stock concentration of 10 mM and stored in
the dark at 4 °C. Various phosphate solutions were prepared
daily, and stock sample standards were diluted to the desired
concentration with the phosphate solution and used for dif-
ferent experiments. Deionized water was collected from a

Barnstead Nanopure Ultrafiltration unit (Boston, MA,
USA). PEO (0.0250–0.0625 g) was gradually added to each
of the prepared tetraborate buffer solutions (50 mL). During
the addition of PEO, the mixture was continuously stirred
using a magnetic stirring rod to produce a homogeneous
suspension. After the addition was completed, the solutions
were stirred for at least 8 h. Prior to use for CE separation, the
solutions were degassed with a vacuum system in an ultra-
sonic tank.

Apparatus

All experiments were performed using a laboratory-made CE
unit similar to a previously described system [30] consisting
of a 20-kV high-voltage power supply (ES20P-20W/DAM;
Gamma High Voltage Research Inc., Ormond Beach, FL,
USA) and a UV–Vis detector (SAPPHIRE 600 detector;
ECOM, Prague, Czech Republic). Electropherograms were
recorded and processed using DataApex Software (DataApex,
Prague, Czech Republic). A fused-silica capillary with a
75-μm ID and 365-μm OD was purchased from Polymicro
Technologies (Phoenix, AZ, USA). The total and effective
lengths of each capillary were 50 and 40 cm, respectively. All
measurements were repeated five times.

Electrophoretic conditions

New separation capillaries were conditioned before use by
rinsing with 0.5 M NaOH for 30 min followed by deionized
water for 1 min. The capillary was equilibrated with the
separation buffer for 3 min before each run and rinsed with
0.5 M NaOH for 10 min followed by the separation buffer for
3 min after each run. Pre- and post-run conditioning steps
were important for achieving a reproducible electro-osmotic
flow (EOF). Samples were hydrodynamically injected for
150–360 s (approx. 343–824 nL) with a 20-cm height

Fig. 1 Schematic diagram of the online focusing of BA and SA by CE
with a dynamic pH junction–sweeping strategy and the use of polymer
solutions. A The capillary is conditioned with BGE and a large-volume
sample plug is injected hydrodynamically. B Dynamic pH junction–
sweeping is initiated. C Dynamic pH junction–sweeping is completed.
D The analytes are separated according to the normal MEKC mode
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difference between the capillary inlet and outlet. The detection
wavelength was set at 230 nm and the applied voltage was
15 kV. The capillary was filled with 15 mM tetraborate buffer
(pH 9.2) containing 40 mM SDS; the same solution contain-
ing 0.100 % (w /v ) PEOwas used as the separation buffer. The
shift of the baseline due to the absorbance difference between
the sample solution and PEO solution was used to estimate the
EOF mobility [31].

Real sample pretreatment

Food products including a juice, two soft drinks, two soy
sauces, and a wine sample were purchased from local super-
markets (Taitung, Taiwan). Samples were prepared by dilution
to a suitable volume ratio (400-fold for the juice, 1,000-fold
for the soft drinks, 2,000-fold for the soy sauces, and 100-fold
for the wine) before analysis and containing 2.5 mM phos-
phate at pH 3.0. The analytical recoveries were evaluated by
spiking the real sample with a standard solution.

Results and discussion

Dynamic pH junction–sweeping for BA and SAwith polymer
solutions

An online concentration technique combining sweeping and
the use of polymer solutions was developed previously [32,
33]. In this study, dynamic pH junction, sweeping, and the use
of polymer solutions were integrated for the online focusing of
BA and SA. Figure 1 shows the focusing mechanism. The
capillary is filled with BGE (tetraborate, pH 9.2) containing
40 mM SDS, and a long sample plug prepared in an acidic
sample solution (phosphate, pH 2.5) is hydrodynamically
injected into the capillary (Fig. 1A). BA and SA with pKa

values of 4.20 and 4.76, respectively [34], are fully dissociated
at pH 9.2 and neutral at pH 2.5. This behavior leads to BA and
SA having mobilities close to zero at pH 2.5 and higher
mobilities toward the anode at pH 9.2. Upon application of
the separation voltage, the hydroxide ions (OH−) in BGE

Table 1 Effect of the pH values and sample phosphate concentrations on the migration time, peak width, and peak height of BA and SA

pHa

Migration time (min) Peak width (min)b Peak height (a.u.)

2.0 3.0 4.0 5.0 6.0 2.0 3.0 4.0 5.0 6.0 2.0 3.0 4.0 5.0 6.0

SA 6.33 6.33 6.28 6.0 6.05 0.07 0.05 0.05 0.06 0.07 1.86 2.17 2.05 1.61 1.71

BA 6.56 6.57 6.53 6.25 6.29 0.04 0.04 0.04 0.04 0.04 1.98 1.74 1.40 1.76 1.66

Phosphate concentration (mM)c

Migration time (min) Peak width (min) Peak height (a.u.)

0 1.0 1.5 2.5 3.0 0 1.0 1.5 2.5 3.0 0 1.0 1.5 2.5 3.0

SA 7.23 7.00 6.96 6.33 5.99 0.07 0.05 0.05 0.05 0.06 1.73 2.10 2.20 2.16 1.78

BA 7.47 7.27 7.24 6.57 6.31 0.11 0.06 0.05 0.04 0.05 0.85 0.97 1.35 1.74 1.09

The capillary was filled with 15 mM tetraborate buffer (pH 9.2) containing 40 mM SDS. PEO (0.100 %) was prepared in 15 mM tetraborate buffer
(pH 9.2) containing 40 mM SDS. The samples (1.0 μM) were hydrodynamically injected with a 20-cm height difference between the capillary inlet and
outlet for 270 s. The separation was conducted at 15 kV
a The samples were prepared in 2.5 mM phosphate at different pH values
b The peak width was calculated at half height of the peak
c The samples were prepared in various phosphate concentrations at pH 2.5

Fig. 2 A Effect of tetraborate concentration on the height and efficiency of
BA and SA peaks at 230-nm absorbance. B Effect of SDS concentrations
on the EOF, migration time, and peak widths of BA and SA. The sample
(1.0 μM, prepared in 2.5 mM phosphate at pH 3.0) was hydrodynamically
injected for 270 s. A 50-cm capillary (40-cm effective length) was filled

with 15 mM tetraborate buffer (pH 9.2) containing 40 mM SDS prior to
sample injection. A 0.100 % PEO solution was prepared in 5–25 mM
tetraborate buffers (pH 9.2) containing 40 mM SDS (A) and 15 mM
tetraborate buffer (pH 9.2) containing 20–60 mM SDS (B). The separation
was conducted at 15 kV. Circles , BA; squares , SA; diamonds , EOF
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(pH 9.2, above the pK a values of BA and SA) migrate with
rapid mobility into the sample zone, leading to an abrupt local
pH increase at the front edge of the sample zone (Fig. 1B).
Neutral BA and SA originally in the leading edge are suddenly
dissociated and stopped when returned to the sample zone
(phosphate, pH 2.5). As a result, the mobilities of BA and SA
in the front edge experience a dramatic drop and become
stacked. In the meantime, SDS micelles migrating from the

BGE interact with BA and SA and thus sweep them into the
sample zone (Fig. 1C). When aggregates of BA and SAwith
the SDS micelles migrate into the BGE with PEO, they get
stacked again owing to an increase in the viscosity. Because
the mobility of the EOF is larger than those of BA and SA
(counter to the EOF), they still migrate toward the detector.
Consequently, the injected large sample plug is concentrated
into a sharp zone, and subsequently, the separation of BA and
SA proceeds according to the normal micellar electrokinetic
chromatography (MEKC) mode (Fig. 1D).

Optimization of the online focusing conditions

Effect of the sample phosphate concentration

The enhancement factor (EF) for dynamic pH junction–
sweeping was influenced by several factors, such as the pH
and concentration of the sample phosphate solution and BGE
and the concentration of SDS. The pH value influences the
dissociation of BA and SA. Thus, the effect of the pH of the
sample phosphate solution was investigated using 2.5 mM
phosphate in the pH range from 2.0 to 6.0. As shown in
Table 1, when the pH of the sample solution was 2.0, 5.0,
and 6.0, the SAwas not focused very well (peak widths were
0.07, 0.06, and 0.07, respectively). As the pH decreased
from 4.0 to 3.0, the focusing effect was gradually improved
and the absorbance signals were also found to be corre-
spondingly enhanced (peak height increased from 2.05 to
2.17). BA always exhibits sharp peaks for the investigated
pH range, but the absorbance signal gradually decreased as
the pH increased. Thus, the optimum pH of the sample
solution was determined to be 3.0. Because BA and SAwere
prepared in the sample solution, the effect of the phosphate
concentration was also investigated over the concentration
range from 0 to 3.0 mM. It was found that the phosphate
concentration had a minimal effect on the focusing of SA,
and the peak heights were only slightly increased as the
concentrations varied from 0 to 2.5 mM. On the contrary,
the focusing effect for BA was significantly influenced by
the phosphate concentration. Therefore, a phosphate concen-
tration of 2.5 mM was considered as the best concentration
of sample solution.

Fig. 3 Effect of PEO concentration on the online focusing of BA
and SA. PEO solutions of 0 % (A), 0.050 % (B), 0.075 % (C),
0.100 % (D), and 0.125 % (E) were prepared in 15 mM tetraborate
buffer (pH 9.2) containing 40 mM SDS. Other conditions were the
same as those in Fig. 2

Table 2 Linearity, correlation coefficients, precision, LOQ, and LOD of the method

Analyte Liner range (μM) R2 Repeatability (%)a Reproducibility (%)a LOQ (nM) LOD (nM) EF

BA 0.05–20.0 0.992 2.9 2.2 27.3 8.2 930

SA 0.05–10.0 0.999 2.3 1.9 20.3 6.1 920

The sample was injected hydrodynamically for 360 s. Other conditions were the same as those in Fig. 3D
a RSD for five replicate injections on the same day (repeatability) or over successive days (reproducibility) of peak height
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Effect of the tetraborate and SDS concentrations

The effect of the tetraborate concentration was studied in
solutions containing 5–25 mM tetraborate at pH 9.2 and
containing 40 mM SDS and 0.100 % PEO (Fig. 2A). The
highest peak height and narrowest peak width for SA were
observed at a tetraborate concentration of 15 mM. As a result,
the optimum concentration for tetraborate (pH 9.2) was deter-
mined to be 15 mM. The concentration of SDS is another
important online focusing parameter. Without SDS in the
buffer solution, the peak widths of BA and SA were broad-
ened (0.11 and 0.09 min, respectively). It is well known that
the SDS concentration is related to the pseudo-retention fac-
tors of the analytes because each one has a different hydro-
phobicity. The logKow values for BA and SA are 1.87 and
1.33, respectively [34]. Thus, the migration order corresponds
with the polarity of the analytes. Because the mobilities of the
SDSmicelles are less than that of the EOF, the analytes can be
detected. Without adding SDS in the buffer solution, BA and
SA can be separated, but the peak width was broad. Thus, the
effect of SDS concentration was investigated over the

concentration range from 20 to 60 mM, as shown in
Fig. 2B. When the SDS concentration was increased from
20 to 60 mM, the migration time of EOF decreased from 6.29
to 4.64 min, mainly due to a decrease in the adsorption of the
PEO molecules on the capillary wall. When compared to
0 mM SDS, a SDS concentration of 40 mM was chosen as
the optimum concentration on the basis of the peak heights
and widths observed for BA and SA.

Effect of the concentration of PEO

In previous studies, the separation efficiency and resolution
were improved as a result of reduced analyte adsorption on the
capillary wall when using a PEO solution at a concentration
greater than 0.6 % [31]. The EOF was inhibited owing to an
increase in the viscosity of the separation buffer containing
PEO; a delayed migration time was also observed for each
analyte. The effect of the PEO concentration in the range from
0 to 0.125 % in 15 mM tetraborate buffer (pH 9.2) containing
40 mM SDS was thus investigated (Fig. 3). In the absence or
at lower concentrations of PEO (<0.05 %), the peaks were

Table 3 Comparison of online focusing CE methods for detecting BA and SA

Mode Analyte Detector Time (min) LOD (nM) EF Reference

LVSS–dynamic pH junction–MEKC BA, SA BA: UVat 200 nm <9.0 BA: 11 NA [35]
SA: UVat 260 nm SA: 10

Dynamic pH junction–CZE BA, SA UVat 230 nm <5.0 BA: 246 100 [36]
SA: 178

FESI-CE-C4D BA, SA Conductivity <8.0 BA: 80 NA [37]
SA: 50

Dynamic pH junction–sweeping–MEKC BA, SA UVat 230 nm <7.0 BA: 8.2 920–930 This work
SA: 6.1

C4 D contactless conductivity detection, FESI field-enhanced sample injection, LVSS large-volume sample stacking

Fig. 4 Electropherograms of BA
and SA in food products: standard
(2.0 μM BA and SA) (A), juice
(B), soft drink 1 (C), soft drink 2
(D), soy sauce 1 (E), soy sauce 2
(F), and wine (G). Unidentified
peak was marked as *. Samples
were hydrodynamically injected
for 60 s. Other conditions were
the same as those in Fig. 3D
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either broad or not well resolved. Upon increasing the PEO
concentration (0.05–0.125 %), however, the separation effi-
ciency and resolution for both BA and SA increased. The
electropherograms depicted in Fig. 3A–E clearly demonstrate
the role that PEO plays in determining the resolution and
stacking efficiency. At 0.125 % PEO, the analysis time was
slower than at a concentration of 0.100 %. Thus, a 0.100 %
PEO solution was chosen for subsequent experiments. On the
basis of all of the aforementioned experimental results, the
optimum online focusing conditions were determined to be as
follows: a solution containing 15 mM tetraborate buffer
(pH 9.2) and 40 mM SDS was used to fill the capillary, BA
and SAwere prepared in 2.5 mM phosphate (pH 3.0) solution,
and a 0.100 % PEO solution in 15 mM tetraborate buffer
(pH 9.2) containing 40 mM SDS was used as the separation
buffer. The separation current was 60 μA under these
conditions.

Performance of the online focusing method

Table 2 lists the linear ranges, correlation coefficients, and
limits of detection (LODs) and quantification (LOQs) of the
method under optimal conditions. The LODs and LOQs were
calculated for S/N=3 and S/N=10, respectively. The EFs were
calculated as the ratio of the LODs obtained using the stacking
method (360 s) to those obtained by normal injection (10 s)
without polymers in separation solutions. The calculated re-
sults indicate that the stacking method enhanced the analyte
detection sensitivity by approximately 930-fold (BA) and
920-fold (SA) compared to the normal MEKC mode. In
addition, the LODs of BA and SA were reduced to 8.2 and
6.1 nM, respectively, using the stacking method. The perfor-
mance of the proposedmethod was also compared with that of
recent online focusing methods for BA and SA (Table 3) and
was found to be generally superior with respect to the LOD,
analysis time, and EF.

Applications

To demonstrate the applicability of the proposed method, six
commercially available food products were analyzed (Fig. 4).
The concentrations and recoveries of BA and SA are shown in
Table 4 and are found to be satisfactory. According to the
analytical results, it can be concluded, in all food products
examined, that the actual levels of BA and SA found are
significantly lower than the maximum authorized levels. The
matrix effect of a real sample was investigated by calculating
the LODs and LOQs of BA and SA spiked in the wine sample
(60 s injection). The LODs for BA and SA were 47.9 and
38.0 nM, respectively; the LOQs were 159.2 and 126.7,
respectively. When compared to the aqueous sample solution,
the LODs and LOQs of BA and SA were similar, indicating
that no matrix effect was observed. The analytical perfor-
mance of the method, particularly the short analysis time,
low cost, and simple sample pretreatment, verifies its potential
applicability for the routine analysis of BA and SA in the
quality control of food samples.

Conclusions

A dynamic pH junction–sweeping focusing method was suc-
cessfully demonstrated to be effective for the determination of
BA and SA in food samples using CE with polymer solutions.
BA and SA present in food products such as juice, soft drinks,
soy sauces, and wine can be rapidly analyzed after simple
dilution. In this method, dynamic pH junction plays a more
important role in focusing the BA and SA than sweeping. In
addition, it was found that the pH and concentration of phos-
phate solution and the concentration of tetraborate, SDS, and
PEO were critical for achieving greater sensitivity enhance-
ment, a shorter analysis time, and better resolution. Sensitivity
enhancements of 930-fold for BA and 920-fold for SA were

Table 4 Analytical results of BA
and SA in food samples

ND not detected
a n=5

Samples Preservatives Concentration
(μM)

Added
(μM)

Found
(μM)

Recovery
(%)

RSD
(%)a

Juice SA 2.77 3.00 5.97 107 2.6

BA ND 3.00 2.81 94 1.5

Soft drink 1 SA ND 3.00 3.12 104 2.3

BA 3.28 3.00 5.81 84 1.7

Soft drink 2 SA ND 3.00 3.16 105 1.9

BA 3.90 3.00 7.39 113 2.1

Soy sauce 1 SA ND 3.00 2.90 96 2.0

BA 2.43 3.00 5.73 110 1.8

Soy sauce 2 SA ND 3.00 3.31 110 1.6

BA 2.68 3.00 5.50 94 2.2

Wine SA ND 3.00 3.00 100 2.4

BA ND 3.00 2.70 90 2.5
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achieved, and the LODs were reduced to 8.2 and 6.1 nM for
BA and SA, respectively. Finally, the use of the proposed
method for the analysis of BA and SA in real food samples
provided satisfactory recoveries and reproducibility.
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