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a b s t r a c t

Sol-gel based molecularly imprinted polymer (MIP) nanofiber was successfully fabricated by electro-
spinning technique on the surface of a stainless steel bar. The manufactured tool was applied for on-line
selective solid phase microextraction (SPME) and determination of acesulfame (ACF) as an artificial
sweetener with high performance liquid chromatography (HPLC). The selective ability of method for the
extraction of ACF was investigated in the presence of some selected sweeteners such as saccharine
(SCH), aspartame (ASP) and caffeine (CAF). Electrospinning of MIP sol-gel solution on the stainless steel
bar provided an unbreakable sorbent with high thermal, mechanical, and chemical stability. Moreover,
application of the MIP-SPME tool revealed a unique approach for the selective microextraction of the
analyte in beverage samples. In this work, 3-(triethoxysilyl)-propylamine (TMSPA) was chosen as a
precursor due to its ability to imprint the analyte by hydrogen bonding, Van der Walls, and dipole-dipole
interactions. Nylon 6 was also added as a backbone and support for the precursor in which sol could
greatly growth during the sol-gel process and makes the solution electrospinable. Various effective
parameters in the extraction efficiency of the MIP-SPME tool such as loading time, flow rate, desorption
time, selectivity, and the sample volume were evaluated. The linearity for the ACF in beverage sample
was in the range of 0.78–100.5 ng mL�1. Limit of detection (LOD) and quantification (LOQ) were 0.23 and
0.78 ng mL�1 respectively. The RSD values (n¼5) were all below 3.5% at the 20 ng mL�1 level.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Solid phase microextraction (SPME) has been the center of
focus by many researchers ever since it emerged in early of 1990 s
[1]. SPME is a green, fast, simple, adsorbtion-desorbtion based, and
single step sample preparation process. It has been well accepted
as a powerful sample preparation technique and widely used in
different area of analytical, bioanalytical, and environmental
chemistry [2–5]. Although, there have been many improvements
in this regard such as preparation of biocompatible sorbent for in-
vivo extraction, unbreakable fibers, and nano composite sorbent
[6–10], it is still needed to be improved in some aspects. Prepara-
tions of selective sorbents, unbreakable substrates, and sol-gel
based fibers have been challenging issues in recent years and they
have been studied with some research groups [8,11]. In addition,

common conventional SPME fibers are breakable and sensitive
when exposed to organic solvents. Some studies have been
developed for the preparation of unbreakable sorbents with
molecularly imprinted polymers and sol-gel [12–17]. Demand for
the preparation of the sorbents with high chemical and thermal
stability, long lifetime, and good repeatability has directed
research groups toward sol-gel technology. Sol-gel technology
has been successfully applied for the preparation of sorbents, but
it still has a few problems. Lack of selectivity is the main problem
of sol-gel technology. Recently molecularly imprinted sol-gel
sorbents have been prepared [12,18], but it still needed more
attentions and investigations. A further issue of sol-gel technology
for preparation of sorbents, particularly molecularly imprinted sol-
gel, could be attributed to inappropriate homogeneity and aggre-
gation during gelation.

New methodology named electrospinning was recently devel-
oped for preparation of nanofibers while the acceptable homo-
geneity could be obtained. It has been used for preparation of
fibers and mats for SPME [19–22]. Electrospinning of polymeric
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fibers provides the capability to create micro/nanofibers through
an inexpensive and simple method. Electrospun micro/nanofibers
have been applied to many different applications ranging from
tissue scaffolds, and electronics [23–27]. The electrospinning
process is based on similar phenomena in electrospray ionization
mass spectrometry (ESI/MS) [28]. Unlike the ESI, here, producing
the fiber jet is preferred over the formation of the charged droplets
in ESI/MS. Therefore, in the electrospinning process, a solution of
high molecular weight polymer with high viscosity is used. This
method consists of placing a high electric field between a polymer
solution and a conductive collector. When the electric field is
strong enough to overcome the surface tension of the droplet, a
Taylor cone is formed. Following the creation of the Taylor cone,
polymeric nanofibers are ejected toward the conductive collector
[29,30].

This method can be used to fabricate SPME fibers with vari-
ous polymers. This technique should provide an approach to
generate high surface area fibers and the versatility to alter the
SPME nanofiber composition by changing the polymer solution for
electrospinning.

Molecularly imprinted polymers (MIPs) have been largely
applied to the extraction of target analytes from a variety of
complex matrices. Most of these applications were based on off-
line procedures. Until now, a very few applications were carried
out in on-line mode [31–33] while trends in analytical chemistry
are for high throughput approaches that involve to minimize the
time spent performing analysis. Therefore, MIP coupled on-line
with HPLC can create a straightforward and fast pretreatment due
to their specific recognition properties. We applied MIPs as
artificial receptors for off-line solid-phase extraction of bromhex-
ine [34], metoclopramide [35], verapamil [36], and tramadol [37]
in biological fluids. Recently, in our research group the applic-
ability of on-line solid phase extraction method using molecularly
imprinted polymers in monolithic column [38] or cartridges
[33,39] for the extraction and determination of tramadol, dextro-
methorphan, and insulin in biological fluids and pharmaceutical
samples were studied.

In this work, a simple and novel route for the preparation of
unbreakable molecularly imprinted sol-gel nanofibers with elec-
trospinning technique was developed. Nylon 6 as a backbone and
support of the precursor in the MIP sol-gel process was used to
facilitate the electrospinning procedure. The developed method
was used for on-line SPME and determination of acesulfame
coupled with HPLC. The selectivity of method for the extraction
of acesulfame was evaluated in the presence of some sweets
(saccharine, caffeine, and aspartame ) in the beverage sample.
This robust tool can be used for fifty extractions without special
obstacle.

2. Experimental

2.1. Reagents

Acesulfame (ACF), saccharine (SCH), aspartame (ASP), and
caffeine (CAF) were obtained from Merck (Darmstadt, Germany).
3-(triethoxysilyl)-propylamine (TMSPA) with purity higher than
98% and nylon 6 were purchased from Aldrich (Darmstadt,
Germany). Methanol (MeOH), acetonitrile (ACN), trifluoroacetic
acid (TFA), and formic acid (FA) were supplied from Merck
(Darmstadt, Germany). The stock solution was prepared in dis-
tillated water at concentration of 1000 mg L�1 and stored at 4 1C.
Working standard solutions of different concentrations were
prepared daily by diluting the intermediate standard solution with
mobile phase solution and spiked in beverage samples for all
sections. Also, beverage sample was purchased from local market.

2.2. Apparatus

A DIONEX HPLC instrument was used for chromatographic
analysis of ACF. This chromatographic system was composed of a
multi solvent gradient pump, a UVD170U detector and an on-line
degasser. A Rheodyne model 7725i injector with a 20 mL loop was
used to inject the samples. Chromatographic separation was
achieved on an ACE C18, 5 mm, 4.6 mm�250 mm column. For
the mobile phase, a degassed mixture of ACN: Phosphate buffer
(0.02 M) (85:15) was prepared and delivered in isocratic mode at
flow rate of 0.8 mL min�1. All of the analyses were carried out at
220 nm and HPLC data were acquired and processed using a PC
and Chromeleon Ver. 6.60 chromatography manager software.

The electrospinning setup also contains a high voltage power
supply (Gamma High Voltage ES 50 P-10 W) and a syringe pump
(JZB 1800D Double Channel Syringe pump from China). The SPME
tool for this study was a stainless steel bar which electrospuned by
MIP sol-gel. For on-line connecting SPME stainless steel bar to
HPLC a homemade cupper tube (3 cm length�0.3 cm i. d.) tool
which has input and output streams for solutions utilized. SPME
nanofiber bar was fixed in this cupper tube and ends of the tube
sealed carefully with plastic screw to prevent from any leakage.
Then, input and output streams were connected to HPLC by
peristaltic pump for on-line extraction. The prepared nanofibers
were used for on-line SPME and determination of acesulfame
coupled with HPLC. SPME process was performed by passing the
spiked aqueous samples through SPME nanofiber tool.

2.3. Preparation of MIP- and NIP-SPME nanofiber

For preparation of sol solution with electrospun capability in
optimized concentration and ratio (MIP1, Table 1), 0.15 mL of
standard of ACF solution (0.8 mmol L�1, as the template mole-
cule), 0.3 mL of TMSPA as the precursor was mixed and sonicated
for 10 min. Then, 0.3 mL ACN as solvent, 0.2 mL of TFA (100%) as
catalyst was slowly added in four steps (each time 0.05 mL). Then,
0.05 mL distillate water was added to start the hydrolysis process
and solution was kept in this state for 30 min.

In addition, Nylon 6 solution (12% w/w) in 4 mL FA as backbone
solution was prepared and was added to the above solution and
sonicated for 20 min. This solution was used for electrospinning
process to prepare MIP sol-gel nanofiber.

Electrospinning of MIP sol-gel solution without backbone
compounds is a complicated process, to overcome this problem,
nylon 6 as a backbone for precursor was used. This backbone is
needed to have some functional group to produce hydrogen
bonding with silane groups. The schematic process of this binding
is shown in Fig. 1.

Electrospinning of imprinted polymer nanofibers were carried
out at room temperature at a high voltage of 15 kV (Fig. 2A). The
syringe used in the experiments had a capillary tip with a diameter

Table 1
Optimization of compounds ratio of sol solution with electrospun capability.

MIP/
NIP

ACF
(mL)

TMSPA
(mL)

TFA
(mL)

Distillated water
(mL)

Extraction (%)
(mean7RSD)a

MIP1 0.15 0.2 0.2 0.05 69 (71.3)
MIP2 0.15 0.3 0.2 0.05 91 (72.3)
MIP3 0.15 0.4 0.2 0.05 77 (71.1)
MIP4 0.15 0.5 0.2 0.05 60 (73.3)
NIP1 — 0.2 0.2 0.05 29 (71.1)
NIP2 — 0.3 0.2 0.05 30 (73.1)
NIP3 — 0.4 0.2 0.05 38 (74.1)
NIP4 — 0.5 0.2 0.05 40 (72.2)

a Average of five determinations
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of 0.9 mm. A grounded stainless steel was used as the counter
electrode and mounted at a distance of 15 cm from the capillary tip.
Continuous SPME fibers were collected on the stainless steel bar.
The prepared MIP-SPME was placed into a desiccator for 12 h for
further aging and growing the number of bonds between the

colloids. To complete the polycondensation step, prepared MIP-
SPME nanofibers were placed in vacuum oven for 3 h (gradient
range between 50–170 1C). Finally, MIP-SPME nanofibers were
washed with methanol and distillated water to remove template
and other unreacted materials. In order to verify that retention of
template on nanofibers was due to molecular recognition and not to
non-specific binding, a control non-molecularly imprinted polymer
nanofiber (NIP-SPME) were also prepared according to the above
procedures just without ACF.

2.4. On-line MIP-SPME combination with HPLC for determination of
acesulfame

The prepared electrospun MIP-SPME nanofibers bar was used
for on-line SPME and determination of acesulfame coupled with
HPLC relatively similar setup to our previous work (Fig.2B) [38].
SPME process was performed peristaltic pumps (P1 and P2) by
passing 0.5 mL ultra pure water (P1) and then 4 mL the spiked
aqueous samples (flow rate¼ 0.8 mL min�1 and NaCl 50 mM) at
the load position through MIP-SPME tool by P2. After extraction, by
changing to elution mode the HPLC mobile phase was used for on-
line desorption and elution of the extracted analytes from the MIP-
SPME tool to the HPLC column. To this aim, extracted analyte was
passed through the analytical HPLC column by an isocratic elution
of mobile phases of ACN: Phosphate buffer (0.02 M) (85:15) through
P43 and P4 peristaltic pumps. This easy, robust, and efficient setup
can easily apply for on-line extraction of ACF from beverage
samples and after at least 50 runs nanofiber bar needs to change.
Typical chromatograms for the extraction of ACF (20 ng mL�1) in an
optimized situation in beverage sample with MIP- and NIP-SPME
are shown in Fig. 3A. The results were shown the ability, selectivity,
and efficiency of MIP-SPME compare with NIP-SPME for the
extraction of ACF. Also, study of MIP-SPME nanofiber selectivity
for ACF was evaluated in the presence of some selected sweets SCH,
ASP, and CAF that spiked in beverage sample (concentration of all

Fig. 1. Schematic MIP sol-gel and binding with Nylon 6 process.

Fig. 2. Schematic diagram for electrospinning (a) and on-line MIP-SPME tool
coupled with HPLC (b).
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analytes were 20 ng mL�1). Typical chromatogram of extraction
process in optimized situation is shown in Fig. 3B which shows the
ability and selectivity of this method for extraction of ACF in the
presence of some selected sweets.

3. Results and discussion

3.1. Characterization and optimization of preparation process of
MIP-SPME nanofiber

The surface characteristics of the SPME nanofibers were investi-
gated by SEM. Fig. 4 shows the micrographs of the MIP- and NIP-
SPME surface. Obviously, both MIP- and NIP-SPME fibers show
porous structures, which are due to the inherent properties of sol-
gel process but porosity of the MIP is significantly higher than the
non-imprinted one in the same surface area. Moreover, thicker
diameter was obtained for MIP-SPME toward NIP-SPME which can
create more surface area for the better extraction of ACF. The MIP-
SPME surface possesses high porous matrices, which could signifi-
cantly increase the surface area availability and better mass transfer
during extraction as well as analyte desorption process. In addition,
the MIP-SPME nanofibers are smooth morphology and without bead.

Electrospinning of MIP sol-gel solution without backbone
compounds is a complicated process, to overcome this problem,
nylon 6 as a backbone for precursor was used. This backbone is
needed to have some functional group to produce hydrogen

bonding with silane groups. The amount of Nylon 6 as a backbone
and support of the precursor in which sol could greatly growth
during sol-gel process and give electrospinable property to sol-gel
solution is a critical issue. In addition, Nylon 6 has great ability for
hydrogen binding and creates strong, dense membrane polymer
structure. The range of 5–20% of Nylon 6 in formic acid was
studied and results showed better repeatability, stability, and
recovery for extraction of ACF was observed when 12% of Nylon
6 was used. In this ratio the nanofibers structures were homo-
genise and bead-free. Therefore, this ratio was selected for further
studies.

It should be also mentioned that prepared MIP-SPME nanofi-
bers have a rather high stability in organic solvents. The MIP-SPME
stability in various solvents was tested and it was found that the
nanofiber was stable in most solvents including methanol, ethanol,
acetonitrile, chloroform, acetone, dichloromethane, tetrachloro-
methane, diethyl ether, ethyl acetate, cyclohexane, hexane, and
toluene. The MIP-SPME could be dissolved in formic acid and N,N-
dimethylformamide since both of them simply dissolve Nylon 6.
The MIP-SPME nanofiber was quite stable and reusable for more
than 50 times of usage without a significant change in recovery
percentage.

3.2. Evaluation of extraction process

To achieve the best performance for this method some critical
factors including the sample flow rate through the MIP-SPME tool,

Fig. 3. HPLC chromatograms obtained on-line after clean-up acesulfame in beverage sample (A) and after percolation of beverage sample (B) spiked of acesulfame (a),
saccharine (b), aspartame (c), and caffeine (d), with a clean-up step comprising MIP-SPME (1) and NIP-SPME (2). Recovery percent in beverage sample for study of MIP- and
NIP-SPME selectivity (C) (monitored at 220 nm; conditions: column ACE C18, 5 mm, 4.6 mm�250 mm, mobile phase: ACN: Phosphate buffer (0.02 M) (85:15); Flow rate:
0.8 mL min�1; Desorption time: 1.0 min, Loading time: 5 min, sample volume: 4 mL; analytes concentration: 20 ng mL�1).
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the loading time, desorption time, the loading sample volume,
elution solution volume, and adsorption capacity are urgent to be
evaluated.

3.2.1. Optimization of the sample flow rate, loading time, desorption
time, and sample volume through the MIP-SPME tool

It has been demonstrated that the required time to achieve
extraction equilibrium is relative to the length of the SPME bar, the
analyte distribution constant, and the volume of the coating, while
it is inversely relative to the extraction flow rate [40,41]. According
to these works, the flow rate should optimize by maintaining total
sample solution volume and concentration constant. Therefore,
the MIP-SPME tool used to obtain a suitable flow rate for the
extraction. To this aim, a range of flow rates from 0.1 to
2 mL min�1 were investigated. According to the results the best
and maximum of extraction efficiencies was obtained at flow rates
0.8 mL min�1 (Fig. 5A). Finally, flow rate of 0.8 mL min�1 was
elected as the optimized amount for further studies.

Also, SPME is an equilibrium sample preparation technique
which finding optimum time for loading the sample on sorbent is
a critical issue and it is depended to some factors such as the
distribution constant between sorbent and solution, thickness of
sorbent and diffusion coefficient of analytes [42]. To achieve the
best performance, the analyte sample was crossed through the
MIP-SMPE tool in different ranges of time. According to precise
investigation 5 min is a sufficient time for absorption of analyte on
surface of the MIP-SPME (Fig. 5B).

In addition, when SPME method combined with HPLC, quick
desorption of analyte from sorbent by efficient mobile phase
elution is a serious issue. Moreover, it is very important for on-
line systems desorption of analyte from sorbent could be easily
happen by switching the sampling valve position from the load to
the inject mode. Based on studied results (Fig. 5C) by utilizing
ACN: phosphate buffer (0.02 M) (85:15) as a mobile phase

desorption of analyte from SPME bed was completed after 1 min
but for prevent of any carry-over 5 min time out was chosen
between each sample running.

Moreover, amount absorbed analyte at equilibrium time bet-
ween loading sample and SPME sorbent is calculated by following
equation [42,43].

n¼ ðKf sVf VsC0Þ
ðKf sVf þVsÞ

where n is the mass of analyte extracted by the coating, Kfs is a
fiber coating–sample matrix distribution constant, Vf is the fiber
coating volume, Vs is the sample volume and C0 is the initial
concentration of a given analyte in the sample. According to this
equation the mass absorbed by the SPME nanofiber after equili-
brium is calculable. Also it can be inferred that n is increased as
long as sample volume (Vs) increased, until KfsVfrVs; At this point
amount of analyte extracted is independent of sample volume:

n¼ Kf sVf C0

The effect of sample volume was considered in range between 1 to
10 mL. As Fig. 5D shows, the extraction efficiency was increased up
to 4 mL of the sample, and then it was independent of sample
volume. Obviously, in this sample volume the equilibrium is easily
obtainable and the rise of sample volume has no effect on the
extraction efficiency.

3.2.2. Study of MIP selectivity
For surveying selectivity of ACF MIP-SPME nanofiber, some

sweets such saccharine, caffeine, and aspartame with relatively
similar properties were evaluated. Solutions of all sweets were
prepared individually with the concentration of 20 ng mL�1 and
spiked in the beverage sample. Elution solvent for tool was ACN:
Phosphate buffer (0.02 M) (85:15). The extraction yields of the
selected sweets with the MIP-SPME and NIP-SPME are shown in
Fig. 3C.

Fig. 4. Scanning electron microscopy (SEM) of MIP-SPME (a, c) and NIP-SPME (b, d).
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Also, Langmuir model well describes the process of adsorption
and desorption with a solid porous coating SPME fiber. It is
assumed that a monolayer of the adsorbate can be formed at the
surface. The amount of analyte adsorbed by the nanofiber is given
by [43,44]

n¼
n1
f A

Kðnfmax�n1
f AÞ

That, C0 is the initial concentration of analyte, n1
f Ais the amount of

analyte adsorbed on the nanofiber at equilibrium, nfmaxis the
maximum amount of the analyte that can be adsorbed on the

active sites on the fiber, which corresponds to the maximum
amount of active sites, assuming a 1:1 ratio of active sties to
adsorbed analyte and K is adsorption equilibrium constant
(in cm2 mol�1). The results of this part are shown in Table 2.

Fig. 5. Effect of sample flow rate (A), loading time (B), desorption time (C), and sample volume (D) through the MIP- and MIP-SPME tool. Loading time: 5 min, Sample
volume: 4 mL; analyte concentration: 20 ng mL�1.

Table 2
Results of MIP- and NIP-SPME selectivity for different analytes.

Analytea,b K(MIP-SPME) (cm2 mol�1) K(NIP-SPME) (cm2 mol�1)

ACF 0.428 0.021
SCH 0.025 0.067
ASP 0.0125 0.05
CAF 0.005 0.033

a Analyte concentration: 20 ng mL�1

b Average of five determinations.

Fig. 6. Effect of ACF concentrations on the retention capacities of MIP- and NIP-
SPME.
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3.2.3. Adsorption capacity
The capacity of sorbent is an important factor determining how

much of the analyte can absorb by sorbent from the solution
quantitatively. In considering the measurement of the adsorption
capacity MIP-and NIP-SPME, 4 mL ACF solutions at concentrations
of 100–800 mg L�1 were crossed through the fibers (weight of
MIP- and NIP-SPME sorbent 10 mg) at room temperature. The
absorbed ACF was measured by HPLC. The isothermal adsorptions
are plotted in Fig. 6. According to these results, the maximum
amount of ACF absorbed by MIP-SPME was found to be
450 mg g�1. Regarding higher ACF amounts, a slight increase of
retained ACF was observed on MIP-SPME capacity curve. Since all
the accessible specific cavities of the MIP-SPME are saturated, the
retention of the analyte is only due to non-specific interactions
which can be approximately identical for MIP- and NIP-SPME.

3.2.4. IF and effect of salt study
In order to evaluate the extraction efficiency of MIP-SPME and

obtain the optimized extraction conditions, enrichment factor (EF)
and extraction recovery (ER) were used [45]. According to this
study, the enrichment factor was defined as the ratio between the
analyte concentration in eluent (Celu) and the initial concentration

of analyte (C0) within the sample.

EF ¼ Celu

C0

Moreover, the imprinting factor (IF) was used to evaluate the
recognition abilities of the MIP-SPME.

IF ¼ EFMIP� SPME

EFNIP�SPME

Where the EFMIP-SPME is the enrichment factor of ACF extracted in
MIP-SPME and EFNIP-SPME is the enrichment factor of ACF extracted
in NIP-SPME under the same conditions.

In order to considering IF of MIP- and NIP-SPME for separation
of ACF in solvent media and beverage sample were considered at
the same process and the results are shown in Table 3 According to
the results MIP-SPME is shown good selectivity in separation of
ACF compare to NIP-SPME.

Moreover, the effect of salt on recovery of extraction ACF by
MIP-SPME was considered. For this aim, different range of NaCl
(1–100 mM) was added to solution and at the same extraction
process by MIP-SPME. The results shown in special point (50 mM)
this can help for increasing recovery percent of ACF in beverage
sample. The results of this work are shown in Fig. 7.

4. Method validation

Based on the developed method, a sampling flow rate of
0.8 mL min�1, loading time of 5 min, desorption time of 5 min
and sample volume of 4 mL were chosen as the optimum set of
conditions. Beverage sample was spiked with the analyte to
evaluate the precision of the measurements, LOD, and the dynamic
range of method. The linearity of the method was tested by
preparing the calibration curve for analyte with 8–10 points. The
linearity for the ACF was in the range of 0.78–100.55 ng mL�1. The
regression coefficient obtained for ACF was (R2¼0.997).The values
of LOD (S/N¼3) was 0.23 ng mL�1 and LOQ (S/N¼10) was 0.78 ng
mL�1.The precision of the method was determined by performing
five consecutive extractions from the aqueous solutions. To eval-
uate the applicability of the proposed method, extraction analysis
was performed on beverage sample. The beverage sample was
spiked at a concentration level between 1–50 ng mL�1 and the
analyses were carried out under the optimized conditions. As
Table 4 shows good relative recoveries were achieved for the ACF
more than 89% in the presence of other sweets. The intra- and
inter-day precision and accuracy of method were assessed by
analyzing in beverage sample spiked with ACF at three different
concentration levels over the calibration range tested, (in repli-
cates five) of 1, 20 and 80 ng mL�1, respectively. All samples were
prepared either at the same day or at five consecutive days. The
inter-day precision was less than 3.1% and the intra-day precision
was lower than 4.9% in beverage sample, respectively.

Table 3
The selectivity of MIP-SPME for separation of ACF compare to NIP-SPME.

ACF media a,b EF IF

MIP-SPME NIP-SPME

Solvent 0.96 0.33 2.9
Beverage 0.90 0.30 3.0

a Analyte concentration: 20 ng mL�1

b Average of five determinations

Fig. 7. Salt effect on ACF extraction recovery in beverage sample.

Table 4
Assay of ACF in beverage sample by means of the described on-line MIP- and NIP-SPME-HPLC procedure.

Sample Spiked Value (ng mL�1) Found a(ng mL�1) Proposed on-line SPME-HPLC procedure (Found7RSD)a (ng mL�1)

MIP-SPME NIP-SPME

Beverage 1 0.89 89.472.5 29.371.4
20 18.2 90.273.2 30.473.5
30 27.33 91.171.2 31.372.1
50 45.2 90.473.5 32.373.2

a Average of five determinations.
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4.1. Comparing between developed method for ACF separation

In this section, results of some works for detection of ACF RP-
HPLC [46] and LC/MS/MS [47] with our study were compared. The
results are listed in Table 5.

5. Conclusion

An unbreakable MIP sol-gel nanofiber tool, fabricated by the
electrospinning technique, has been shown to be a selective
sorbent for extracting ACF, as a sweetener, from beverage samples
in the presence of some selected sweets. This unbreakable tool
was connected on-line to HPLC system to facilitate the extraction
speed and solvent consume. This nanofiber tool can be used for
fifty runs without special problem. Influential parameters in on-
line MIP-SMPE process were investigated and optimized. The
proposed method presents a rather straightforward, easy, rapid,
and inexpensive microextraction method for the determination of
various kinds of analytes and metabolites with good selectivity,
sensitivity and reproducibility from complex matrices.

Acknowledgment

Financial support provided by the Amirkabir University of
Technology (Tehran, Iran) is acknowledged.

References

[1] C.L. Arthur,, J. Pawliszyn, Anal. Chem. 62 (1990) 2145–2148.
[2] X. Zhang, K.D. Oakes, M.E. Hoque, D. Luong, S. Taheri-Nia, C. Lee, B.M. Smith,

C.D. Metcalfe, S.D. Solla, M.R. Servos, Anal. Chem. 84 (2012) 6956–6962.
[3] Y.B. Luo, B.F. Yuan, Q.W. Yu, Y.Q. Feng, J. Chromatogr. A 1268 (2012) 9–15.
[4] F.S. Mirnaghi, J. Pawliszyn, J. Chromatogr. A 1261 (2012) 91–98.
[5] S.W. Tsai, K.Y. Kao, Inter. J. Envi. Anal. Chem. 92 (2012) 76–84.
[6] E. Cudjoe, J. Pawliszyn, J. Chromatogr. A. 1232 (2012) 77–83.

[7] E.A. Souza Silva, S. Risticevic, J. Pawliszyn, TrAC. Anal. Chem. 43 (2013) 24–36.
[8] M.A. Azenha, P.J. Nogueira, A.F. Silva, Anal. Chem. 78 (2006) 2071–2074.
[9] R. Lucena, B.M. Simonet, S. Cárdenas, M. Valcárcel, J. Chromatogr. A 1218

(2011) 620–637.
[10] K. Pyrzynska, TrAC. Anal. Chem. 43 (2013) 100–108.
[11] H. Bagheri, H. Piri-Moghadam, M. Naderi, TrAC. Anal. Chem. 34 (2012)

126–138.
[12] S. Risticevic, V.H. Niri, D. Vuckovic, J. Pawliszyn, Anal. Bioanal. Chem. 393

(2009) 781–795.
[13] S. Marx, Z. Liron, Chem. Mater. 13 (2001) 3624–3630.
[14] W. Cummins, P. Duggan, P. McLoughlin, Anal. Chim. Acta 542 (2005) 52–60.
[15] R.G.C. Silva, F. Augusto, J. Chromatogr. A 1114 (2006) 216–223.
[16] H.S. Wei, Y.L. Tsai, J.Y. Wu, H. Chen, J. Chromatogr. B 836 (2006) 57–62.
[17] M.E. Díaz-García, R.B. Laíño, Microchimica. Acta 149 (2005) 19–36.
[18] J.W. Zewe, J.K. Steach, S.V. Olesik, Anal. Chem. 82 (2010) 5341–5348.
[19] Q. Li, Y. Ding, D. Yuan, Talanta 85 (2011) 1148–1153.
[20] H. Bagheri, A. Aghakhani, Anal. Chim. Acta 713 (2012) 63–69.
[21] T.E. Newsome, J.W. Zewe, S.V. Olesik, J. Chromatogr. A 1262 (2012) 1–7.
[22] U. Boudriot, R. Dersch, A. Greiner, J.H. Wendorff, Artif. Organs. 30 (2006)

785–792.
[23] D. Aussawasathien, J.H. Dong, L. Dai, Synth. Met 154 (2005) 37–40.
[24] W.G. Shim, C. Kim, J.W. Lee, J.J. Yun, Y.I.I. Jeong, H. Moon, K.S. Yang, J. Appl.

Polym. Sci. 102 (2006) 2454–2462.
[25] R. Luoh, H.T. Hahn, Compos. Sci. Technol 66 (2006) 2436–2441.
[26] D. Matatagui, M.J. Fernández, J. Fontecha, I. Sayago, I. Gràcia, C. Cané,

M.C. Horrillo, J.P. Santos, Talanta 120 (2014) 408–412.
[27] N. Horzum, D. Taşçıoglu, S. Okur, M.M. Demir, Talanta 85 (2014) 1105–1110.
[28] G.C. Rutledge, S.V. Fridrikh, Adv. Drug Deliv. Rev. 59 (2007) 1384–1391.
[29] S. Ramakrishna, K. Fujihara, W.E. Teo, T.C. Lim, Z. Ma, An Introduction to

Electrospinning and Nanofibers, World Scientific, River Edge, NJ, 2005.
[30] W.E. Teo, S. Ramakrishna, Nanotechnology 17 (2006) 89–106.
[31] S.Y. Feng, E.P.C. Lai, E. Dabek-Zlotorzynska, S. Sadeghi, J. Chromatogr. A 1027

(2004) 155–160.
[32] Y.H. Zhai, Y.W. Liu, X.J. Chang, S. Chen, X.J. Huang, X.S.B. Chen, X.P. Huang, Anal.

Chim. Acta 593 (2007) 123–128.
[33] M.M. Moein, M. Javanbakht, B. Akbari-adergani, J. Chromatogr. B 879 (2011)

777–782.
[34] M. Javanbakht, M.H. Namjumanesh, B. Akbari-adergani, Talanta 80 (2009)

133–138.
[35] M. Javanbakht, N. Shaabani, B. Akbari-adergani, J. Chromatogr. B 877 (2009)

2537–2544.
[36] M. Javanbakht, N. Shaabani, M. Abdouss, M.R. Ganjali, A. Mohammadi,

P. Norouzi, Curr. Pharm. Anal. 5 (2009) 269–276.
[37] M. Javanbakht, A.M. Attaran, M.H. Namjumanesh, M. Esfandyari-Manesh,

B. Akbari-adergani, J. Chromatogr. B 878 (2010) 1700–1707.
[38] M. Javanbakht, M.M. Moein, B. Akbari-adergani, J. Chromatogr. B 911 (2012)

49–54.
[39] M.M. Moein, M. Javanbakht, B. Akbari-adergani, Talanta 121 (2014) 30–36.
[40] R. Eisert, J. Pawliszyn, Anal. Chem. 69 (1997) 3140–3147.
[41] J. Wu, W. Xie, J. Pawliszyn, Analyst 125 (2000) 2216–2222.
[42] H. Bagheri, H. Piri-Moghadam, A. Es’haghi, J. Chromatogr. A. 1218 (2011)

3952–3957.
[43] T. Go´recki, M. Yu, J. Pawliszyn, Analyst 124 (1999) 643.
[44] S.N. Zhou, X. Zhang, G. Ouyang, A. Es-haghi, J. Pawliszyn, Anal. Chem. 79

(2007) 1221.
[45] J. Zhou, C. Ma, S. Zhou, P. Ma, F. Chen, Y. Qi, H. Chen, J. Chromatogr. A 1217

(2010) 7478.
[46] T. Liu, Z.T. Jiang, R. Li, J. Tan, Food Anal. Method 7 (2014) 1400.
[47] E.Y. Ordonez, J.B. Quintana, R. Rodil, R. Cela, J. Chromatogr. A 1320 (2013) 10.

Table 5
Determination of ACF with different methods.

Method Linear range LOQ Recovery (%) RSD (%) Reference

RP-HPLC 125–5000 250 94r 0.72r [46]
ng mL�1 ng mL�1

LC/MS/MS 0.25–2000 0.3 95 16.0 [47]
ng g�1 ng g�1

SPME-HPLC 0.78–100.5 0.78 89r 3.5 Present
ng mL�1 ng mL�1 work
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