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Abstract In the present work, capillary electrophoresis (CE)
was used for the first time for the simultaneous analysis of
azodicarbonamide (ADA) and semicarbazide (SEM), and the
capillary electrophoresis separation conditions, extraction
agents, and derivatization conditions were investigated. In
20 mmol L−1 sodium tetraborate, 30 mmol L−1 β-
cyclodextrin (β-CD), 17 % isopropanol (v/v), and
25 mmol L−1 sodium dodecyl sulfate (SDS) running buffer,
ADA and SEM previously derivatized with 9-fluorenylmethyl
chloroformate (FMOC) were separated in less than 25 min with
good sensitivity. The linear ranges were 8.3×10−4∼6.6×
10−2 mmol L−1 and 1.9×10−3∼3.4×10−2 mmol L−1, and detec-
tion limits (S/N=10) were 0.5 and 0.15 mg kg−1 for ADA and
SEM, respectively. The proposed method was successfully ap-
plied for the simultaneous analysis of ADA and SEM in five
flour samples with satisfactory recovery data from 88.0 to
93.0 % for ADA and 98.0 to 106.0 % for SEM, indicating the
valuable potential application of this method for food analysis.
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Introduction

Azodicarbonamide (ADA), which previously was used as a
blowing agent in rubber products and foamed polyethylene, is
also approved as a food additive in certain countries (Becalski
et al. 2004). ADA itself has low acute toxicity, however
chronic exposure to ADA will bring some adverse effects
such as respiratory symptoms and skin sensitization reac-
tions. There were no reports relating the potential of ADA
to produce other systemic adverse effects. Flour is one of the
main food in most countries. As a new flour gluten fortifier,
ADA has been widely used in China, USA, and some other
countries due to the advantage of low cost, dough-improv-
ing, and good test. The limit of ADA in flour issued by the
US Food and Drug Administration (FDA) is 45 mg kg−1,
while it had been banned in the European Union (Joiner
et al. 1963; Ye et al. 2011). ADA is stable in dry flour and
however often reacts with moist flour as an oxidizing agent.
The main reaction product is biurea, an essentially nontoxic
compound which is not stable during heating. It has been
proved that acid hydrolysis of biurea can form
semicarbazide (SEM). Earlier studies showed that SEM
had mutagenic activity and latent carcinogenicity, while re-
cent researches have further proved that SEM not only
caused histological and morphological alternation in target
organs but also disturbed the nervous and endocrine sys-
tems. Although ADA had been banned in the European
Union, in October 2003, European Food Safety Authority
(EFSA) reported that foamed polyvinylchloride (PVC) cap
liners manufactured with ADA were the source of SEM
contamination, and ADA was also found in a variety of
jarred foods (Becalski et al. 2004; Ye et al. 2011). In recent
years, ADA as the source of SEM contamination in flour
and flour products has been reported by many researches
(Becalski et al. 2004, 2006; Noonan et al. 2005, 2008; De
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la Calle and Anklam 2005; Chen et al. 2008; Ye et al. 2011).
So, it is necessary to develop effective analytical methods
for the monitoring of ADA and SEM.

To date, various detection techniques including high-
performance liquid chromatography (HPLC) (Bechtold et al.
1988, 1989; Mulder et al. 2007), liquid chromatography-mass
spectrometry (LC-MS) (Noonan et al. 2005), liquid
chromatography-electrospray tandem mass spectrometry
(LC-MS/MS) (Leitner et al. 2001; Ye et al. 2011), surface-
enhanced Raman spectroscopy (SERS), and others have been
applied in the determination of ADA and SEM. However,
these methods are time-consuming, expensive, and labor-in-
tensive, and above all, the flour sample pretreatment process
was complicated and no researches were reported referring to
the simultaneous detection of ADA and SEM. So, there is an
urgent need to develop a rapid and simple method for the
simultaneous monitoring of ADA and SEM in flour. In com-
parison, capillary electrophoresis (CE) is a simple, environ-
mentally friendly, and less expensive methodwith comparable
separation performance, which can be used as a good alterna-
tive to HPLC. There have been many reports describing the
analysis of food components using CE (Pinero et al. 2011; Mu
et al. 2012; Castro-Puyana et al. 2012; García-Cañas et al.
2014). Petruci et al. (2013) successfully determined 2-
methylimidazole and 4-methylimidazole in caramel colors
by CE method. Tezcan et al. (2013) successfully applied mi-
cellar electrokinetic chromatography-laser-induced fluores-
cence (MEKC-LIF) method for the determination of amino
acids in pomegranate juices. An electrophoretic method based
on MEKC used green reagents to determine all of the ten
water-soluble vitamins in food supplements (Da Silva et al.
2013). Analysis of amino acids in the vinegars using CE was
reported by Carlavilla et al. (2006).

Although CE methods have been adopted well in many
analyses, the concentration detection limit with a conventional
UV detector is restricted. This is considered as a major disad-
vantage of CE. On the other hand, some analytes such as SEM
and some amino acids lack UVabsorbance. Thus, derivatiza-
tion using a suitable chromophore becomes necessary for the
sensitive detection of these analytes. Such a derivatization can
lead to a considerable increase in sensitivity (Noonan et al.
2005). Up to now, many derivatization agents such as o-
phthaldialdehyde (OPA) (Ro and Hahn 2005), naphthalene-
2,3-dicarboxaldehyde (NDA) (Tseng et al. 2009), fluorescein
isothiocyanate (FITC) (Carlavilla et al. 2006), dansyl chloride
(DNS) (Giuffrida et al. 2009), and 9-fluorenylmethyl
chloroformate (FMOC) (Han and Chen 2007) have been used
for the derivatization. FMOC, a chloroformate type of fluo-
rescent derivatization reagent, the reaction conditions of
which are simple, could also provide excellent spectral prop-
erties. In addition, the advantages of FMOC, including low
cost of chemicals, a short reaction time, highly stable deriva-
tives, and high-yield derivatives, are also attracted. FMOC is

often used as the derivatization reagent of amino acids (AAs).
For example, Wan and Blomberg (2000) adopted MEKC to
separate AAs derivatized with FMOC. Derivatization of AAs
with FMOC and the analysis of FMOC-AAs by chiral MEKC
have been reported by Fradi et al. (2012). Thus, FMOC was
preferred to be applied to SEM derivatization in this work.

The detection of ADA and SEM in the flour by CE has not
been reported. The aim of this study was to develop a simple
sample pretreatment process and an effective method for si-
multaneous CE analysis of ADA and SEM in the flour sam-
ples. In this work, a method of sample pretreatment procedure
for extracting ADA and SEM in flour adopted was simpler
than ever before; then, the MEKC method had been firstly
successfully applied for the simultaneous analysis of ADA
and SEM in the flour.

Materials and Methods

Chemicals and Samples

ADA (99 %) and SEM (98 %) were purchased from Beijing
Ouhe Technology Co., Ltd. β-Cyclodextrin (β-CD) was ob-
tained from Solarbio (Beijing, China). FMOC was supplied
from J&K Scientific. Acetonitrile, ethyl acetate, isopropanol,
acetone, and sodium tetraborate were purchased from Beijing
Chemical Works. Other chemicals were of analytical grade or
above.

Five different brands of flour were studied in this work. All
of the samples were bought from local supermarket. Stock
solutions of SEM were prepared in deionized water. ADA
was dissolved in 20 mmol L−1 sodium tetraborate. FMOC
was dissolved in acetonitrile at a concentration of
10 mmol L−1. Standard solutions were stored in the dark at
4 °C.

Instrumentation and Conditions

CE separations were performed on a P/ACE MDQ capillary
electrophoresis system equipped with DAD detector
(Beckman, USA). The CE instrument was controlled by a
PC running the System Karat 32 software from Beckman.
Fused-silica capillaries of 75 μm i.d.×375 μm o.d., 62 cm
total length, and 50 cm effective length (Hebei Yongnian Op-
tical Fiber Factory, China) were used for CE separation under
25 °C. The CE procedure used 20 mmol L−1 sodium
tetraborate at pH 9.2, 30 mmol L−1 β-CD, 17 % isopropanol
(v/v), and 25 mmol L−1 sodium dodecyl sulfate (SDS) as the
background electrolyte (BGE). The detection wavelength was
set at 203 nm, and the operating voltage was 20 kV. The
capillary was rinsed with acetonitrile for 1 min, followed by
a 1-min flush with 1 mol L−1 sodium hydroxide (NaOH) so-
lution, a 1-min flush with deionized water, and a 2-min flush
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with electrolyte solution before each run. All solutions were
filtered through 0.45-μm membranes prior to use.

Sample Preparation

Flour samples (respectively, 1 g) were homogenized with
10 mL of 20 mmol L−1 sodium tetraborate (pH 9.2) in
50-mL centrifuge tubes. The samples were first shaken on a
rotary shaker at room temperature for 15 min. After the mix-
tures were centrifuged at 10,000 rpm for 5 min, 8 mL of
supernatant on upper was extracted and 1 mL of acetonitrile
and 300 μL of 10 mmol L−1 FMOC (dissolved in acetonitrile)
were then added for reaction. The mixtures were heated at
37 °C for 2 h. After derivatization with FMOC, the pH was
adjusted to between 7 and 7.5 with 1 mol L−1 HCl and
1 mol L−1 NaOH, and the derivatives were extracted (phase
separation assisted by centrifugation) with 10 mL of ethyl
acetate for three times. The ethyl acetate was removed by
reduced pressure distillation at 25 °C, and the residues were
dissolved in 25 % acetonitrile in water, filtered through a
0.22-μm filter prior to CE analysis.

Results and Discussion

Optimization of Derivatization Procedure

In this study, the experiment results showed that FMOC can
rapidly react with SEM to generate highly stable derivatives,
and the MEKC method which was successfully applied to
determine FMOC-labeled SEM can also detect FMOC-
labeled ADA. After derivatization, the analytical sensitivity
of ADA and SEM was increased. The derivatization proce-
dure including reaction time and pH of sodium borate was
studied in order to achieve the maximum signal. Figure 1
shows derivatization reaction of ADA was slow when the
sodium borate was neutral (pH 7.0), but very propitious at
pH 9.2. Therefore, sodium borate of pH 9.2 was selected in
the derivatization reaction. For the trace analysis of SEM and
ADA, the reaction could be completely finished within 2 h. At
last, the derivatization procedure was mixing 1 mL of aceto-
nitrile and 300 μL of 10 mmol L−1 FMOC (dissolved in ace-
tonitrile) with 8 mL of supernatant extracted on upper from

Fig. 4 Effect of the amount of ethyl acetate. Electropherograms of a
residual in water phase after extraction with ethyl acetate (3×10 mL), b
blank flour sample, c spiked flour sample after extraction with ethyl
acetate (3×5 mL), and d spiked flour sample after extraction with ethyl
acetate (3×10 mL). Electrophoretic conditions were as for Fig. 1

Fig. 3 Electropherogram of standard FMOC-labeled SEM and FMOC-
labeled ADA in the buffer solution of 20 mmol L−1 sodium tetraborate at
pH 9.2, 30 mmol L−1 β-CD, 17 % isopropanol, and 25 mmol L−1 SDS;
other conditions were as for Fig. 1. Asterisk indicates solvent peak

Fig. 2 Electropherograms of FMOC, FMOC-labeled SEM, and FMOC-
labeled ADA using a 20 mmol L−1 SDS and 20 mmol L−1 sodium
tetraborate buffer. Electrophoretic conditions were as for Fig. 1. Asterisk
indicates solvent peak

Fig. 1 Effect of pH on derivatization. Electrophoretic conditions: fused-
silica capillary, 75 μm i.d.×375 μm o.d., 62 cm total length (50 cm to
detector); hydrodynamic injection (30 s at 50 mbar); separation voltage
20 kV; T=25 °C; UV detection wavelength 203 nm. Asterisk indicates
solvent peak
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flour samples; then, the reaction mixtures were heated on a
rotary shaker at 37 °C for 2 h.

Optimization of Electrophoretic Conditions

As mentioned above, CE was used for the simultaneous anal-
ysis of ADA and SEM in the flour products. In the separation,
the BGE is an important factor. According to the characteris-
tics of these analytes, different BGEs would have different
separation effects. Because the derivatization with FMOC
takes place at the amino group of SEM, the acid-base proper-
ties of SEM derivatives will not have obvious differences. So,
capillary zone electrophoresis (CZE) based only on the pH-
sensitive properties cannot separate derivatives. The peaks of
FMOC and SEM derivatives are nearly at the same time in the
BGE containing 15 mmol L−1 borate buffer (pH 9.2). How-
ever, when a BGE containing 25 mmol L−1 SDS and
20 mmol L−1 borate buffer (pH 9.2) was used, a better sepa-
ration between FMOC and the two derivatives was achieved
as shown in Fig. 2. Thus, MEKCmethod is a better choice for
the separation of FMOC and the derivatives.

The separation conditions were investigated, and the opti-
mal separation conditions were selected as 20 mmol L−1 so-
dium tetraborate, 30 mmol L−1 β-CD, 17 % isopropanol (v/v),
and 25 mmol L−1 SDS. According to the UVabsorption spec-
trum, the absorption peak of analytes in 203 nm was signifi-
cant. So, the detection wavelength was set at 203 nm. The
temperature and voltage of the separation were established at
25 °C and 20 kV since a good resolution of the analytes was

obtained in less time and with an acceptable current (below
40 μA). As shown in Fig. 3, FMOC, FMOC-labeled SEM,
and FMOC-labeled ADA obtained a good separation at the
optimal conditions.

Optimization of Sample Pretreatment

The presence of interferences is one of the main difficulties in
the development of an analytical method for a complex ma-
trix. In the previous research, the pretreatment of the flour
sample for the analysis of ADA and SEM usually only fo-
cused on either of them, and the reported HPLC methods only
included individual extraction of ADA. As CE has high sep-
aration efficiency, we can simply extract derivatives by ethyl
acetate without solid-phase extraction device which was used
in the previous method. What is more, the derivatization time
was shorter than before. Different sample pretreatments would
have been done in the previous method for ADA and SEM,
respectively (Noonan et al. 2005; 2008), for an example of
SEM extraction, complex C18 solid-phase extraction technol-
ogy was used in both the sample extraction and after deriva-
tization in the previous method. So far, there were no papers
reporting simultaneous extraction of ADA and SEM. A suit-
able extraction solvent should be chosen appropriately for the
simultaneous extraction of ADA and SEM. ADA which has
strong polarity could be dissolved in dimethyl sulfoxide or N,
N-dimethylformamide, and it is slightly soluble in water, ace-
tone, alcohol, etc. (Chen et al. 2008). However, as an extrac-
tion solvent, dimethyl sulfoxide and N,N-dimethylformamide
are uneasy to evaporate and remove. In this work, for SEM, it
could be dissolved in water and hardly dissolved in acetone
and acetonitrile. Water has been selected as an extraction sol-
vent, since it can meet the demand of trace extraction of SEM
and ADA. Although using water as an extraction solvent can-
not avoid the introduction of the water-soluble impurities, the
impurities were removed by the following derivative extrac-
tion procedure and separated by optimized MEKC method.

After extraction with water, 1 mL of acetonitrile and
300 μL of 10 mmol L−1 FMOC (dissolved in acetonitrile)
were added to 8 mL of supernatant extracted on upper, as
described in the derivatization procedure. The extraction of
derivatives with ethyl acetate was further optimized in this
study for removing the impurities in the aqueous phase. In

Table 1 Results of recovery
studies using different
concentrations of ADA and SEM
(n=5)

Flour samples Original (mg) Added (mg) Found (mg) RSD (%) Recovery (%)

ADA 0.0 20.0 18.3 2.8 91.5

0.0 10.0 9.3 0.8 93.0

0.0 5.0 4.4 3.0 88.0

SEM 0.0 20.0 19.7 9.1 98.5

0.0 10.0 10.6 3.1 106.0

0.0 5.0 4.9 4.2 98.0

Fig. 5 Calibration curves obtained for ADA and SEM (S/N=10).
Electrophoretic conditions were as for Fig. 1
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order to make sure the derivative extraction was complete, we
detected the residual derivatives in the aqueous phase. By
comparison, extraction with 10 mL of ethyl acetate for three
times can achieve efficient extraction, as shown in Fig. 4.
After removing the ethyl acetate by reduced pressure distilla-
tion at 25 °C, residues were redissolved in 25% acetonitrile in
water, filtered through a 0.22-μm filter prior to use. No more
additional treatments of the samples were performed for
MEKC analysis.

Quantification of ADA and SEM

The present method exhibited good stability and repeatability
for analysis of FMOC-labeled SEM and FMOC-labeled ADA
in less than 25min. The relative standard deviations (RSDs) of
peak area and migration time of analytes were evaluated by
five consecutive analyses. As expected, the RSDs were less
than 2.00 % for peak area and 0.90 % for migration time.
Analytical curves were constructed on the basis of peak area
versus concentration. As shown in Fig. 5, the MEKC method
had a good linearity in the range of 8.3×10−4∼6.6×
10−2 mmol L−1 (r2=0.998) for analysis of ADA and had a
good linearity in the range of 1.9×10−3∼3.4×10−2 mmol L−1

(r2=0.998) for analysis of SEM, respectively. The limit of
quantification (S/N=10, actual samples) was 0.50 and
0.15 mg kg−1 for ADA and SEM, respectively. In order to
evaluate possible interferences, blank samples were submitted
to the proposed method and no peaks were found comigrating
with the analytes. When increasing the concentration of the
analytes spiked, the peaks also increased. The recoveries of
ADA and SEM from flour spiked at three levels of 5.0, 10.0,
and 20.0 mg kg−1 were in the range of 88.0∼93.0 % (RSD=
3.0 %) and 98.0∼106.0 % (RSD=9.1 %), respectively. (The
results obtained for the accuracy of the method are
summarized in Table 1.)

Analysis of ADA and SEM in Commercial Flours

This new method shows good stability, sensitivity, and satis-
factory recoveries for the studied chemicals. These character-
istics mentioned above indicated that the proposed method
could be suitable for the monitoring of ADA and SEM in flour
in the laboratory. Five bands of flour (F1, F2, F3, F4, and F5)

were studied in this work. The results are summarized in Ta-
ble 2, and the corresponding electropherograms of samples are
shown in Fig. 6. As seen from the electropherograms, ADA
and SEM existed in all flour samples, and these results showed
that the concentration of ADA in the flour samples was higher
than the concentration of SEM. The above conclusion was
suitable for all studied samples.

Conclusion

In summary, a simple and reliable MEKC method was
established for simultaneous quantifying of ADA and SEM
in the flour samples. A simple method of sample pretreatment
was provided before MEKC analysis. The MEKC method is
simple, rapid, and less expensive in comparison with previous
methods. The method firstly realized the simultaneous detec-
tion of ADA and SEM and was successfully applied to the
analysis of commercial samples. The performance character-
istics indicated that the proposed methodology should be suit-
able for the routine analysis of ADA and SEM in the flour
samples.
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Fig. 6 Electropherograms of ADA and SEM in five commercial flour
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Table 2 Different levels of SEM and ADA of commercial flour
samples that did not spike (n=5)

Flour samples (mg kg−1)

F1 F2 F3 F4 F5

ADA 18.48 30.14 12.10 4.31 5.52

SEM 0.32 0.86 0.59 0.11 0.32
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