
Introduction

Hydrolyzed vegetable proteins (HVP) are widely used as
seasoning and ingredient in processed savory food products.
For its low costs and growing market demand, they are
commonly produced by hydrochloric acid hydrolysis of
proteinaceous by-products from edible oil or starch extraction,
such as soybean, rapeseed meals and maize gluten.  However,
3-chloropropane-1,2-diol(3-MCPD) is formed from reacts
between triglycerides and hydrochloric acid, in the manufacture
of proteins hydrolyzed by acid-HVP.1 Also 3-MCPD has been
declared as a genotoxic carcinogen by the European Union’s
Scientific Committee for Food.2 Recently, high quantities of 3-
MCPD (mg/kg) have been detected in some soy sauce.3 The
latest assessment of the toxicity of 3-MCPD conducted in the
UK concluded that 3-MCPD can be regarded as having no
significant genotoxic potential in vivo, but has been observed to
have carcinogenic potential in animals.4,5 Thus the presence of
3-MCPD in soy sauce has stimulated many analyses of these
products worldwide.

For extraction from aqueous samples, liquid HVP and soy
sauce were traditionally made more convenient by supporting
the solution on a diatomaceous earth matrix, such as ‘Extrelut’
or ‘Chemelute’.3 Further chloropropanols have often been
measured by extraction with an organic solvent (ethyl acetate or
diethyl ether), followed by gas chromatography of the free, or
mostly derivative analytes.  Since monochloropanediols often
show unsatisfactory chromatographic properties, they are

frequently derivativized for analysis.  However the traditional
methods were very complicated and time-consuming.

Solid phase microextraction (SPME) is a quick, simple and
highly sensitive sample-preparation technique which can be
conveniently coupled with GC.6 Analytes from the liquid phase
or the headspace of the sample were extracted onto the fibers
during the extraction process, and then desorbed in the injector
of GC for separation and detection.  Therefore, analyzing 3-
MCPD by SPME coupled with GC will be attractive and
meaningful.

In the present study, a novel SPME-GC/MS procedure was
developed for the determination of 3-MCPD in HVP and soy
sauce samples.  For better sensitivity, a SIM-MS was used to
detect the derivative products.

Experimental

Materials and instrumentation
A SPME holder and the commercially available

polydimethylsioxane (PDMS, 100 µm), carbowax-
divinylbenzen (CW/DVB, 65 µm) and polyacrylate (PA, 85
µm) fibers were purchased from Supelco Inc. (Bellefonte, PA,
USA).  All extractions were performed in 150 mL conical vials
equipped with 2 cm stir bars, and a magnetic stirrer with a
heater (Huifeng Electrical Instrument Factory, Shanghai, China)
was used for stirring the samples during extraction.  The
derivatization reaction was carried out in a Techcomp heating
oven (Shanghai, China).

The GC/MS system consisted of an Agilent-6890N GC
system, which was equipped with a split injector and a 60 m
HP-1 MS column (Agilent Technologies, 60 m × 0.25 mm, 25
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µm thickness) for separation, an Agilent-5973N mass
spectrometer for detection, and a HP Chemstation for on-line
data collection and processing.  The oven temperature was
initially held at 50˚C, programmed at 10˚C/min to a temperature
of 250˚C, and held for 15 min.  The injector temperature was set
at 250˚C.  High-purity helium was used as the carrier gas, and
the column head pressure was kept at 30.0 psi, the column flow
rate was 2.00 mL/min.

Reagents
3-MCPD was purchased from Acros Organics (NJ, USA), and

phenylboronic acid (PBA) from Fluka Chemie (Switzerland).
Acetone (analytical reagent and redistilled) and sodium chloride
(guaranteed reagent) were obtained from Beijing Chemical
Reagents Company (Beijing, China).  To simulate HVPs and
soy sauces, a stock solution of 3-MCPD was prepared by
weighing 10 mg of 3-MCPD into a 100 mL volumetric flask
and dissolved in a 20% (m/v) sodium chloride solution.
Calibration solutions were prepared by adding a corresponding
volume of stock solution into 10 mL of a sodium chloride
solution.  The derivating reagent, containing 250 mg mL–1

phenylboronic acid, was prepared by dissolving 5 g of
phenylboronic acid in 19 mL of acetone plus 1 mL of pure
water.  All solutions were kept at 5˚C.  Water purified by a
Milli-Q system was used throughout the experiments.

Experiment Process
The PBA derivative procedure was used based on the

description reported by Plantinga et al.7 Briefly, a 100 µL stock
solution was added into a 10 mL sodium chloride solution in a
150-mL conical flask.  After the addition of excessive
derivating reagent (about 0.25 mg), the vial was tightly sealed
with a ground-glass vial cap to prevent the cap from blowing off
with rising temperature.  The sample was mixed by a supersonic
treatment for 1 min, and left in a heating oven for a
predetermined time (5 min) at 90˚C.  Because the SPME fiber
could not pierce through the glass cap, a new rub cap sealed
with foil was replaced the glass cap as rapidly as possible after
the derivative process.

Then the headspace solid-phase microextraction (HS-SPME)
procedure was adopted.  For each derivativized sample (10 mL),
the SPME fiber was exposed to the headspace.  The vial cap
was sealed with foil and the foil was used only once.  Our
experiment showed that there was no carryover of 3-MCPD in
the reaction and extraction system.  The sample was agitated
with a magnetic stirring bar at a predetermined temperature
(room temperature) during the extraction process.  After the
sample was extracted for 30 min, the fiber was immediately

inserted into the gas chromatographic injection port for thermal
desorption.

Real sample analysis
Seventeen real samples, including four HVPs from four

manufacturers and thirteen soy sauces, collected from the
market, were analyzed according to the procedure described
above.  To reduce the matrix interference, each real sample was
diluted by 10 times before derivatization.  The dilution was only
performed for real samples.  Standard addition experiments
were conducted at 0.71 µg g–1 spiked levels by adding the
standard solution into the samples.

Results and Discussion

Optimization of derivative process
Selection of the derivating reagent.  Because 3-MCPD can’t be
extracted by HS-SPME directly due to its low volatility and
strong polarity, a derivative process is necessary before
extraction.

In many classical methods, the most commonly used
derivating reagent of 3-MCPD was the
heptafluorobutyrylimidazole.  It leads to a complete reaction of
the hydroxyl groups under relatively mild conditions, and thus
low limits for detection of 50 – 100 µg kg–1.8 Recently the
detection limit for the established GC/MS procedure has been
reported as 10 µg kg–1.9,10 Using heptafluorobutyric acid
anhydride as a derivating reagent, coupled with GC-MS
detection, a highly selective and sensitive method for the
determination of a parts-per-billion level of 3-MCPD in soy
sauce has been available.11 There are other derivating reagent,
which can result in low detection limits.12

However, the above derivating reagent required an anhydrous
system, which is not suitable for HS-SPME.  Because, on the
one hand, the coating of SPME fiber will flake if the fiber is
extracted above an organic solvent for a predetermined time, on
the other hand, for HS-SPME method will lose its superiority of
simple operation if another sample preparation must be used to
remove the water in the original sample before the SPME
process.  Thus the derivating reagent used in the present
experiment must be able to be used in the hydrous system.

Plantinga et al.7 improved a method for the determination of
3-MCPD derivativized by phenylboronic acid (PBA) in liquid
HVP using capillary gas chromatography (GC) with flame
ionization detection.  In their proposed procedure, the
derivatizing reagent could be added directly into the HVP
sample, reacted for 20 min at 90˚C, and then extracted with
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Fig. 1 The graph of the full-scan mode of the derivative products. Fig. 2 Effect of the temperature on the derivative.



hexane.
So we used the PBA as the derivating reagent in our

experiment.  PBA was added into the sample directly, and the
derivative product was extracted by HS-SPME after the
derivative process.  The qualitative analysis of the derivative
product was determined by the full-scan mode and the mass
spectra of PBA-derivatized 3-MCPD was further confirmed by
the result reported by Rodman and Ross13 (See Fig. 1).  To
increase the sensitivity and to decrease the interference of co-
extracted compounds, a selected ion (147/77/196) mode was
chosen in following studies.  The ion 196 was chosen because it
is the m/z of the molecule.  The 147 ion was available after the
loss of –CH2Cl from the molecular ion.  For a benzene ion, the
77 ion was typical here, because there was no other compound
in the derivative system that could produce the benzene ion.
The conformation of the derivative product was by comparing
for ion abundance ratios, for 77:147:196 about 1:9:2.  All
chromatographic data analyses were performed by a selected
characteristic ion peak at m/z 147 because it constituted the base
peak.
Effect of the temperature and the time of derivative reaction.  A
chromatographic oven was used as the reactive heating oven in
order to strictly control the derivative temperature.  The reaction
temperature was varied over the range of 27 – 100˚C, and an
improvement of the signal of the peak area was gained when the
temperature increase until 90˚C (Fig. 2).  The derivatization
gained best effect at 90˚C temperature, and this temperature was
the same as that of Plantinga et al.’s experiment.7 Figure 3
shows the influence of the reaction time in the range of 1 – 15
min.  As can be seen, the reaction time during 1 – 5 min
provided the highest extraction efficiency.
Effect of the addition of salt.  Figure 4 shows that the peak area
of the derivative product increases with the increase of the
addition of NaCl until 40% (m/v).  For SPME procedure, with
the addition of salt into the aqueous sample, an ionic strength of
the solution must be obtained.  The diffusion of analytes into the
headspace is favored, and the extraction efficiency must be
increased.  However, it can be concluded from the comparison
of the two chromatograms that the addition of salt obviously
works for the derivative reaction, not for extraction (See Fig. 5).
In Fig. 5, the above chromatogram is for the addition of NaCl,
while the one below is without any salt.  The peak height of 3-
MCPD increased distinctly, while the other peaks of co-
extracted compounds showed no increase with an increase of
the ionic strength.  It is thus distinct that the addition of salt
increased the reactive efficiency of the derivative process.  The
profile shows that when the amount of NaCl addition was 4 g

(supersaturation), the derivative reaction could be performed
most effectively.  For all extraction experiments, 40% NaCl was
used.

Optimization of HS-SPME process
Effect of the fiber type and headspace volume.  The extraction
efficiencies of the three commercially available fibers, including
PDMS (100 µm), CW/DVB (65 µm) and PA (85 µm) were
compared.  The peak areas of the total ion chromatogram were
57907, 43695 and 35786, respectively, for PDMS, CW/DVB
and PA.  The result thus showed that 100 µm PDMS has the
best sensitivity, and was thus chosen as the optimum in the
following experiment.  All of the experiments were done with
100 µm PDMS, except for this comparison section.

To optimize the extraction procedure of the derivative
products, the effect of the headspace volume was roughly
studied by placing 10 mL of the sample solution in 50 mL and
150 mL, respectively.  Experiments showed that a much higher
peak area was obtained when a 150 mL flask was used.  This
was because larger volume flask could increase the heating area
of the sample solution and the amount of the derivative product
in the headspace, and the set temperature will be reached much
more quickly during the derivative procedure.
Effect of the extraction time and temperature.  Optimization of
the extraction time was established when the equilibrium of the
analytes was reached between the headspace and the polymeric
phases.  All of the extractions were carried out at 27˚C with
continuous stirring of a 10 mL sample in order to ensure that the
aqueous sample was perfectly agitated, and to reduce the
equilibrium time.  Standard sample solutions (0.71 µg g–1 3-
MCPD) were prepared and extracted by varying the exposure
time of the fiber to the sample from 5 min to 70 min.  A fresh
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Fig. 3 Effect of the time on the derivative process.

Fig. 5 Comparison of two chromatograms of different addition of
NaCl.  The above chromatogram is for the addition NaCl, while the
lower one for without NaCl.

Fig. 4 Effect of the addition of NaCl.



solution was used for each time interval, and the fiber was
conditioned between the intervals to insure there was no
carryover on the fiber.  Figure 6 demonstrates that equilibrium
was almost reached after 50 min of extraction.  For routine rapid
and simple analysis, a 30 min extraction was sufficient if
constant operation conditions were maintained.

For SPME, the extraction temperature can affect not only the
distribution equilibrium, but also the kinetic process of the
extraction.  In our experiment, the extraction temperature was
investigated from 15˚C to 70˚C, the result is shown in Fig. 7.
The amounts extracted increased with the increase of
temperature from 15˚C to 30˚C, and then decreased above 30˚C.
The phenomenon best reflects the result of the interaction
between two opposite effects of the temperature on the velocity
of the distribution from the headspace to the fiber and the
partition coefficient for the analytes to the fiber coating.  For
simple operation, the room temperature (27˚C) was adopted in
our experiment.
Effect of desorption time and temperature.  The GC injector
temperature and the desorption time were also evaluated to
ensure that the derivates were completely desorbed from the
fiber in order to reach the highest sensitivity and to avoid
carryover.  For the 100 µm PDMS fiber the recommended
operating temperature was from 200˚C to 270˚C.  It was found
that the desorption almost completed above 230˚C (Fig. 8).
Desorption time profiles (Fig. 9) show that 5 min was sufficient
to ensure total desorption, and no peaks appeared in the

chromatogram corresponding to the analysis of the fiber during
re-exposure.  For routine analysis we used 250˚C as the port
temperature and 10 min for the desorption time in order to
ensure that there was no carryover on the fiber.

Linearity range, limits of detection and precision
Quantity parameters, such as linearity, limits of detection and

precision, were determined under the optimum conditions for
the HS-SPME-GC/MS.  The linearity of the HS-SPME method
was obtained by varying the concentration of 3-MCPD in the
broad range of 0.0194 – 394 µg g–1, peak area (y) and the 3-
MCPD concentration (µg g–1) were related by the regression
equation, y = 2797.5x, with a correlation coefficient of r2 =
0.991.  Linear behavior indicates that there was no adsorption of
the derivative product on the extraction system.  The sensitivity
and the repeatability of the proposed HS-SPME method were
evaluated in terms of the limit of detection (LOD) and the
relative standard deviation (RSD).  The calculated LOD, based
on three times the signal over the noise was 3.87 ng g–1 3-
MCPD, and the RSD was 7.5% (n = 5) at 0.71 µg g–1 level.

Analysis of HVP and soy sauce samples
To examine the feasibility of the HS-SPME method, real

samples with different origin were analyzed, and the recoveries
were determined by spiking the samples with 0.71 µg g–1 3-
MCPD, for a wide range of the concentrations of real sample.
Because the matrix of both HVP and soy-sauce samples are
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Fig. 6 Effect of the extraction time.

Fig. 7 Effect of the extraction temperature.

Fig. 8 Effect of the desorption temperature.

Fig. 9 Effect of the desorption time.



very complicated matrix, and the recoveries were not good if a
10 mL of real sample was extracted directly.  A comparison
experiment showed that a better recovery was obtained when
the sample was diluted 10 times.  For the following experiment,
1 mL of a real sample was added to 9 mL of an aqueous
solution, which contained 4 mg of NaCl.  The analytical
procedure was processed under the optimized conditions, the
results are listed in Table 1.  The recoveries of HVP-1, soy-
sauce sample 4, 10 and soy-sauce sample 12 were not good,
because there were some black precipitates in the mixture after
the derivative reaction.  The concentration of 3-MCPD in the
four HVP samples varied from 1.66 µg g–1to 27.5 µg g–1.  3-
MCPD was not detected out in two soy-sauce samples, 9 and
13.  The concentration of 3-MCPD of the other eleven samples
varied from 0.078 µg g–1 to 4.68 µg g–1.

Conclusions

A novel HS-SPME-GC/MS method was developed to determine
3-MCPD in HVP and soy-sauce sample.  3-MCPD was
derivative with PBA in aqueous solution, after reacting for 5
min under 90˚C, then extracted by HS-SPME for 30 min under
room temperature (27˚C), and detected with GC/MS/SIM.
After optimization of the derivative and the HS-SPME
procedure, it was showed that the novel method was simpler,

more environment-friendly and easier to be performed than the
existing methods.  Moreover, this method could be improved by
the following method: 1) The sensitivity of the method could be
increased by using PTFE-faced rubber septa, which might
assure an air-proof system.  2) SPME could be automated
allowing greater precision and unattended working.  3) For
better precision, a deuterated internal standard must be used in
the experiment.
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Table 1 Result of the concentrations and recoveries of 3-
MCPD in the HVP or soy-sauce sample

HVP-1 8.53 51.80 ± 10.50
HVP-2 27.5 91.90 ± 2.98  
HVP-3 1.66 83.4 ± 9.73
HVP-4 7.78  103 ± 5.80
Soy-sauce-1 0.30 87.30 ± 11.60
Soy-sauce-2 4.68 74.60 ± 4.93  
Soy-sauce-3 0.078 78.10 ± 11.30
Soy-sauce-4 0.30 61.30 ± 12.00
Soy-sauce-5 0.20 96.30 ± 13.00
Soy-sauce-6 0.20 89.30 ± 7.94  
Soy-sauce-7 0.12    111 ± 11.40
Soy-sauce-8 0.20 96.80 ± 7.50  
Soy-sauce-9 n.d.b 83.40 ± 6.34  
Soy-sauce-10 3.05 66.20 ± 7.63  
Soy-sauce-11 0.35 88.60 ± 7.92  
Soy-sauce-12 0.21 65.40 ± 5.62  
Soy-sauce-13 n.d. 89.90 ± 14.30

Found/µg g–1 Recovery, %a

a. The recovery was repeated five times.
b. Not detected.


