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The potential of the time-of-flight mass spectrometry (TOF-MS) to innovate the analysis of soft drinks is
described using gas chromatography (GC) hyphenated to TOF-MS and a new type of ion source, direct
analysis in real time (DART), coupled to high-resolution TOF-MS. Head-space solid-phase microextraction
(SPME) was used to isolate/extract volatile compounds followed by GC–TOF-MS to identify tainted compound
in contaminated soft drinks. Direct analysis in real time–time-of-flight mass spectrometry (DART–TOF-MS) was
also used to obtain negative and positive ion profiles of different soft drinks to determine the presence of
various compounds, including antimicrobial preservatives, artificial sweeteners, acidulants and saccharides,
without any sample preparation and chromatographic separation.

Techniques involving mass spectrometry (MS) as a detection tool
in food analysis have evolved substantially. Gas
chromatography–mass spectrometry (GC–MS) and liquid
chromatography–mass spectrometry (LC–MS) are commonly used
to detect, identify, quantify and confirm both natural and xenobiotic
substances in the food production chain. One of the most
distinctive trends in MS-based analysis is the use of time-of-flight
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mass spectrometry (TOF-MS) for both target and non-target
analysis of a wide range of organic compounds that occur in biotic
matrices.
High-speed unit resolution TOF-MS instruments can be
combined with a fast one-dimensional GC and/or comprehensive
two-dimensional GC (GC⫻GC) set-up with “flash” separation in
the second dimension to identify and quantify a wide range of
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…the optimization of the separation
process for multiple analytes with different
physicochemical properties is very
challenging.
There are very few published papers that present these new
ionization techniques as a tool for qualitative and/or semiquantitative analysis.2–4,6–17 No comprehensive study to investigate
the potential of these techniques as a characterization tool, their
performance in terms of sensitivity or linear dynamic range, or how
they compare with GC–MS and LC–MS methods, has been
conducted. But there is a great potential for DART and related
ionization techniques to be used to rapidly screen target
compounds and to obtain characteristic sample profiles in real-time.
In this paper, the use of GC–TOF-MS to identify the source of
taint in one of the batches of a new type of soft drink is described.
We also demonstrate the application of DART–TOF-MS for the fast
analysis of various soft drinks to obtain qualitative profiles of the
examined samples.
The potential of SPME–GC–TOF-MS and DART–TOF-MS
techniques to provide effective solutions for these tasks are
described in the two case studies that follow.

Identification of Soft Drink Taint by
SPME–GC⫻GC–TOF-MS
Off-flavours and taints are defined as unpleasant odours or tastes.
The former results from the natural deterioration of food and the
latter from contamination by some other chemical or
microorganisms. Both represent serious problems for the food
industry.18 The identification of substance(s) responsible for
unpleasant sensory properties represents a somewhat demanding
task because a wide range of volatile compounds is released from
food. They are either of natural origin or added intentionally to
improve or modify the characteristics of the food.
www.lcgceurope.com

Keynotes
A combination of SPME and GC–TOF-MS allows a minor
taint compound in the presence of abundant, non-target,
matrix components to be distinguished.
DART coupled to high-resolution TOF-MS represents a
powerful tool for rapid screening of target compounds and to
obtain characteristic sample profiles in real-time.

It should be noted that odour thresholds of some undesirable
sensorically active compounds, such as chlorinated phenols and
anisoles, can be very low and may exhibit adverse effects even at
trace levels.19 Under these circumstances, only an analytical
method capable of distinguishing minor (or even trace) amounts of
volatile components in the presence of abundant, non-target,
sensorically indifferent matrix components will be useful.

Experimental
For SPME–GC⫻GC–TOF-MS analyses, a Pegasus 4D (Leco, St
Joseph, Missouri, USA) system consisting of an Agilent 6890N gas
chromatograph equipped with split/splitless injector (Agilent
Technologies, Palo Alto, California, USA), an MPS2 autosampler
(Gerstel, Mülheim an der Ruhr, Germany), and a Pegasus III
high-speed TOF mass spectrometer (Leco) was used.
The experimental conditions were as follows:
• Sample preparation: 3 mL of sample placed in a 10 mL SPME
vial
• SPME extraction: DVB/CAR/PDMS (50/30 µm) fibre (Supelco,
Bellefonte, Pennsylvania, USA); incubation and extraction
temperature: 60 ºC; incubation time: 5 min; extraction time:
10 min; agitator speed: 500 rpm; desorption time: 1 min
(splitless); desorption temperature: 250 ºC
• GC separation: DB-5ms column 30 m ⫻ 0.25 mm, 0.25 µm
(J&W Scientific, Folsom, California, USA); oven temperature
programme: 45 ºC (1 min), 10 ºC min⫺1 to 200 ºC, 30 ºC min⫺1
to 280 ºC (0.80 min); helium column flow: 1 mL min⫺1.
• TOF-MS detection: EI mode (70 eV); ion source temperature:
220 ºC; mass range: m/z 30–500; detector voltage: ⫺1600 V;
acquisition rate: 10 spectra s⫺1.

Figure 1: The overlay of HS-SPME–GC–TOF-MS chromatograms
(total ion current, TIC) of contaminated sample (in red) and reference
sample (in blue).
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compounds present in complex food matrices.1 Whereas, the
high-resolution TOF-MS instruments allow accurate mass
measurement to calculate analyte elemental composition for the
identification of “unknown” compounds and/or confirm the target
analyte identity.
If chromatographic separation of sample components is used
prior to MS detection, less spectral interferences caused by matrix
components are observed compared with direct measurement.
However, the labour-intensity of sample preparation (which
typically involves extraction, preconcentration and/or clean-up
steps) and the time required for the chromatographic run itself can
become a bottleneck in laboratory throughput. However,
regardless of whether GC or LC is employed, the optimization of
the separation process for multiple analytes with different
physicochemical properties is very challenging. The possibility of
overcoming these difficulties has emerged with the introduction of
three new ionization techniques: direct analysis in real time (DART),
desorption electrospray ionization (DESI) and atmospheric
pressure solids analysis probe (ASAP).2–5 These techniques allow
a rapid, non-contact MS analysis of materials at ambient pressure
and ground potential. Compared with GC–MS and LC–MS,
ambient MS requires essentially no separation of sample
components employing chromatographic techniques. Additionally,
these techniques allow direct access to the sample while mass
spectra are being recorded.
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Figure 3: The overlay of HS-SPME–GC–TOF-MS chromatograms
(m/z 142) of the tainted (in red) and reference sample (in blue). For
the taint compound the experimental mass spectrum and the
corresponding NIST library entry are shown.

5500

Taint
compound

Peak true - sample “sample”, peak 51, at 492.475 s (Spec # 4621)
107
35
1000 Peak
[C 7 H 7 ClO] ⫹
142
spectrum
97
119 142
37
77
[C7 H 7 ClO] ⫹
500
44 61
144
141
134
143
38
85

Abundance

5000

40

4500

1000

120

80

142

spectrum 77

4000
500

144

Library hit - similarity 581, “Phenol, 2-chloro-5-methyl”
107
Library
142

3500

39
32

3000

40

of sorbic acid (m/z 97) and taint compound (m/z 142) illustrating
extreme difference in respective ion intensities.

10
8
6

89
80

Taint
compound
(m/z 142)

5500
4500
3500
2500

Sorbic acid
(m/z 97)
97

1000
475

495

515

67

41

Retention time (s)

112

500
18

4

27

20

55

40

83

60

80

100 120

m/z

2

440

460

480

500

520

540

560

580

600

Retention time (s)

peak (2.8 s at the baseline) at a retention time of 492 s, completely
overlapped by a broad, fronting peak (470–520 s) of sorbic acid.
The MS library search identified it as 2-chloro-5-methyl-phenol
(MW ⫽ 142.6). Nevertheless, other isomers are also conceivable.
Chlorinated (methyl-)phenols are known to have very low odour
threshold, typically in a concentration range of sub-ng L⫺1 to
µg L⫺1 when occurring in aqueous solutions,19 thus, even their
traces can cause a detectable taint.
Figure 3 shows the measured and library mass spectrum of this
taint compound. Although the deconvoluted mass spectrum also
contained some ions originating from (extremely abundant) sorbic
acid (m/z 67, 97 and 112), which slightly influenced its purity (a
spectral match of 581/1000), the presence of chlorine isotopic
pattern in the molecular ion can be used to confirm identity
because the typical volatile aroma components contain only
elements (carbon, hydrogen, oxygen and nitrogen) that do not
offer characteristic ion patterns. We should note that the intensity
of the mass of sorbic acid ion (m/z ⫽ 97) was approximately
55-fold higher compared with the taint compound (m/z 142) during
its elution. This means that under the conditions of “manual”
examination of recorded data this compound was “invisible”.

Figure 4: Illustration of automated DART system function:
(a) placing of the sample to a sampling hole in a tray; (b) detail of a
sampler stick used for sample transfer; (c) immersion of a sampler
stick into the sample for a short time period (e.g., 4 seconds);
(d) transfer of a sampler stick with the sample deposited on the
surface between the DART ion source and MS inlet followed by the
acquisition of mass spectra for a short time period (e.g., 7 seconds);
(e) removal of a used sampler stick, which is then disposed of.
(a)
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Figure 2: The overlay of HS-SPME–GC–TOF-MS chromatograms

Abundance (⫻10 5 )

Solid-phase microextraction (SPME), an inexpensive, solventfree sampling technique, was chosen for the extraction of volatiles
from soft drink headspace (HS) and their preconcentration into the
fibre coating. The SPME fibre coated with 50/30 µm
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS)
was selected after preliminary experiments.
In the next step, the contaminated and reference soft drink
samples were examined by GC–TOF-MS to compare the profiles
of volatile compounds. However, as shown in Figure 1, no
difference was found, the total ion current (TIC) chromatograms
were identical.
This led us to the assumption that the taint compound might be
present in the chromatogram of contaminated sample as a minor
peak probably overlapped by some abundant volatile compound.
At this point, when the chromatographic resolution is not sufficient,
the spectral (analytical) resolution can significantly help in the
investigation. In this particular instance, the application of TOF-MS
was seen as a challenging option mainly because of:
(i) availability of full spectral information even at (ultra-)trace levels,
(ii) availability of fast acquisition speed,
(iii) absence of spectral skew.1,20
The latter feature predetermines the use of automated spectral
deconvolution of partially overlapped peaks on the basis of
increasing/decreasing ion intensities in acquired spectra and
background subtraction, followed by identification using the MS
library search. Although the deconvolution function is currently also
available for scanning instruments (e.g., AMDIS software —
Automated Mass Spectral Deconvolution and Identification System
— provided by the NIST free of charge),21 the relatively low signal
intensity during full spectra acquisition together with relatively low
acquisition rate of common scanning instruments can be a
drawback that limits potential of this function when coupled to fast
GC separations.
TOF-MS is the only option that allows the detection of very
narrow chromatographic peaks generated under these conditions
with high acquisition rates as well as high sensitivity during the full
mass spectra collection. The example of this function for a tainted
sample is shown in Figure 2. A careful examination of the
contaminated sample chromatogram showed a small, narrow
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Figure 5: DART–TOF-MS spectrum of soft drink with artificial
sweeteners and saccharides acquired in positive ion mode. Marked
compound: 1 ⫽ aspartame.

Figure 6: DART–TOF-MS spectrum of soft drink with artificial
sweeteners and saccharides acquired in negative ion mode. Marked
compounds: 1 ⫽ sorbic acid, 2 ⫽ benzoate, 3 ⫽ acesulphame K,
4 ⫽ hexose, 5 ⫽ citric acid, 6 ⫽ disaccharide.
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The rapid examination of product composition to check
authenticity or to determine if the sample specifications meet
particular quality control and regulatory requirements is regularly
required in the food and beverage sector. For soft drinks, LC
analysis is often used following pre-concentration and/or sample
dilution. Analysis of soft drinks is not straightforward in a single
chromatographic run because of the variety of polarities and ionic
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Profiling of Soft Drink Components by
DART–TOF-MS
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forms of components present. In contrast to any of these
approaches, the use of ambient MS allows the examination of the
sample profile without the processing previously required (i.e., no
extraction and/or chromatographic preseparation is needed). In
our study, we employed a recently introduced DART ion source
enabling direct MS.2
In principle, DART is a dry source based on the atmospheric
pressure interactions of long-lived electronic excited-state atoms
or vibronic excited-state molecules with the sample and
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Table 1: Assignments for selected compounds detected in DART mass spectra of soft drinks.
Compound

Ion assignment

Elemental composition
generated

Theoretical
mass (Da)

Experimental
mass (Da)

Mass error
(ppm)

Acesulphame K1

[M]⫺

C4H4NO4S

161.9861

161.9870

⫹5.6

Aspartame1

[M⫹H]⫹

C14H19N2O5

295.1294

295.1291

⫺1.0

Citric acid1

[M⫺H]⫺

C6H7O7

191.0192

191.0201

⫹4.7

Hexose1

[M⫺H]⫺

C6H11O6

179.0556

179.0561

⫹2.8

Disaccharide1

[M⫺H]⫺

C12H21O11

341.1084

341.1102

⫹5.3

Benzoate1

[M]⫺

C7H5O2

121.0290

121.0289

⫺0.8

[M⫺H]⫺

C6H7O2

111.0446

111.0442

⫺3.6

[M⫺H]⫺

C6H7O6

175.0243

175.0248

⫹2.9

[M⫺H]⫺

C6H7O7

191.0192

191.0197

⫹2.6

Hexose2

[M⫺H]⫺

C6H11O6

179.0556

179.0563

⫹3.9

Disaccharide2

[M⫺H]⫺

C12H21O11

341.1084

341.1094

⫹2.9

Ascorbic
Citric

acid2

acid2

1Sample:

Soft drink with artificial sweeteners and saccharides. 2Sample: Soft drink with saccharides.

components of the atmosphere (H2O, O2). The gas (helium in this
particular instance) flows through a chamber where an electrical
discharge produces ions, electrons and excited-state (metastable)
atoms and molecules. Most of the charged particles are removed
as the gas passes through perforated lenses or grids and only the
neutral gas molecules (including metastable species) remain. A
perforated lens or grid at the exit of DART acts as an electrode to
promote ion drift toward the orifice of the atmospheric pressure
interface of the mass spectrometer. DART produces relatively
simple mass spectra characterized by [M]⫹ or [M⫹H]⫹ in positiveion mode, and [M]⫺ or [M⫺H]⫺ in negative-ion mode.2
In specific cases, the ionization process can be effectively
enhanced by the presence of traces of dopant, such as
ammonium (from ammonium hydroxide headspace vapour) or
chloride (from methylene chloride vapour) resulting in mass spectra
characterized by [M⫹NH4]⫹ or [M⫹Cl]⫺ ions, respectively,
depending on the polarity used for their acquisition.22 In addition,
coupling the DART ion source with a high-resolution TOF mass
spectrometer [a mass resolving power of 6000 full width at half
maximum (fwhm)] with a capability of accurate mass
measurements allows confirmation of the target analyte identity
and the calculation of elemental composition of “unknowns”.
In the following example, coupling of DART–TOF-MS for
characterization of soft drink samples is described, demonstrating
the application potential of this novel technique in food analysis.

Experimental
For DART–TOF-MS analyses, the system consisting of a DART ion
source (IonSense, Danvers, Massachusetts, USA), a JEOL
AccuTOF LP high-resolution TOF mass spectrometer [JEOL
(Europe) SAS, Croissy sur Seine, France], and an AutoDART HTC
PAL autosampler (Leap Technologies, Carrboro, North Carolina,
USA) was used.
The experimental conditions were as follows:
• DART positive ion mode: helium flow-rate: 2.7 L min⫺1; needle
voltage: 3000 V; discharge electrode: 150 V; grid electrode:
250 V; beam temperature: 300 ºC
254

Figure 7: DART–TOF-MS spectrum of soft drink with saccharides
acquired in negative ion mode. Marked compounds: 1 ⫽ ascorbic
acid, 2 ⫽ hexose, 3 ⫽ citric acid, 4 ⫽ disaccharide.
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• DART negative-ion mode: helium flow rate: 2.7 L min⫺1; needle
voltage: 3000 V; discharge electrode: ⫺150 V; grid electrode:
⫺350 V; beam temperature: 300 ºC.
• TOF-MS detection: mass range: m/z 50–500; detector voltage:
⫺2600 V (positive ion mode) or ⫹2600 V (negative ion mode);
acquisition rate: 5 spectra s⫺1.
In Figure 4, the performance of the particular steps involved in
an automated DART system is shown. Briefly, a sampler stick is
immersed into the sample and then transferred between the DART
ion source and MS inlet followed by the acquisition of mass
spectra for a short time period (few seconds). Under these
conditions, the total run (including all automated steps) ⬍1 min is
possible, which is significantly less than for any hyphenated GC- or
LC-system.
As mentioned earlier, the DART ion source can be operated in
either positive or negative ion mode, each possessing different
LC•GC Europe May 2008
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information from mass spectra. Figures 5 and 6 show both types
of spectra obtained during the examination of a “light” soft drink
containing artificial sweeteners and only a low amount of
saccharides. While in positive ion mode only aspartame, E951
(artificial sweetener) was identified based on the accurate mass
measurement, the number of identified compounds increased in
negative ion mode: acesulphame K, E950 (artificial sweetener),
citric acid, E330 (acidulant), benzoate, E211 and sorbic acid, E200
(both preservation agents), and also saccharides (hexose,
disaccharide). The use of the dopants mentioned previously did
not increase the number of detected ions.
The profile of the second soft drink is shown in Figure 7. No
artificial sweeteners were present; the only additives identified
were citric acid, E330 (acidulant) and ascorbic acid, E300
(vitamin). The data obtained in this experiment are summarized in
Table 1. As shown here, a good agreement between theoretical
and experimental masses was obtained with mass errors ranging
between ⫺3.6 and ⫹5.6 ppm. As well as the possibility of
confirming the target analyte identity through the accurate mass
measurement and calculation of elemental composition, the
estimation of “unknown” compounds can also be performed.
However, it has to be emphasized that the selection of the
appropriate number of various elements potentially present in the
ion of a particular compound together with the estimation of the
maximum/minimum number of each of these elements, as well as
choosing an acceptable mass tolerance (the maximum difference
between measured and theoretical masses), are the factors that
predetermine the success of a search assisted by the software.
It is worth noticing that proposing the elemental composition for
“unknowns” is a complicated task, which requires at least some
knowledge on the conceivable composition of the examined
matrix to discriminate compounds suggested by the software for a
particular mass. The fact that with increasing m/z value more
alternative formulae are possible — hence only low error
measurement is acceptable to correctly identify a unique elemental
composition — also has to be taken into account.23

Conclusions
The first case study involving the application of the head-space
SPME–GC–TOF-MS combined with advanced data processing is
a powerful tool to detect, identify, and automate the reporting
trace peak of sensorically active taint compound present in soft
drinks that would be “invisible” under the conditions commonly
used, such as using GC coupled to conventional quadrupole or
ion trap mass analysers. The second case study demonstrated the
unique potential of a new ion source: direct analysis in real time
(DART) coupled to a high-resolution time-of-flight-mass
spectrometer (TOF-MS). The presence of a whole array of drink
components could be detected and identified within a couple of
seconds without any sample preparation. The distinguishing
factors between two types of otherwise equally tasting soft drinks
could be obtained on the basis of the proof of additives used.
Further research aimed at obtaining performance characteristics
such as limit of detection (LOD) and repeatability of measurement
is currently being investigated.
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