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Perfect Balance to Elevate your Lab’s Performance
Using the X500R QTOF System and SCIEX OS Software to Quickly Identify Unknowns in Food Samples

André Schreiber1, Yuji Aita2, and Jianru Stahl-Zeng3

1SCIEX Concord, Ontario (Canada), 2SCIEX Tokyo (Japan), 3SCIEX Darmstadt (Germany)

Here we present results using a new method to identify 
unexpected chemical residues and contaminants in food using
the SCIEX X500R QTOF ystem. Samples were extracted 
using a QuEChERS method and analyzed by LC-HR-MS/MS. 

Unknown compounds were automatically identified by using a
non-target peak finding algorithm followed by sample-control-
comparison to separate matrix and sample specific signals from
true contaminations. TOF-MS and MS/MS data for ions of 
interest were automatically processed using formula finding and
searched against mass spectral libraries and online databases,
such as ChemSpider, for identification. The SCIEX OS oftware
offers an easy to use and intuitive workflow to tentatively identify 
unexpected chemicals in food.

Hybrid LC-MS/MS systems like quadrupole-quadrupole Time-of-
Flight (QTOF) provide the ability to perform targeted and non-
targeted screening in food samples on a routine basis.

The SCIEX X500R QTOF ystem is a robust, high performance
high resolution MS/MS system designed for routine use
providing:

• Sensitivity to easily detect compounds at relevant
concentrations

• Resolving power to remove interference from complex food
matrices

• Linearity over up to 3 orders of magnitude to identify
compounds at different concentration levels

• Mass accuracy to identify compounds following regulatory
guidelines

• Confident identification using MS/MS spectra and ion ratios

• Industry leading robustness of Turbo V™ source and Curtain
Gas™ interface

Full scan chromatograms are very rich in information and easily
contain thousands of ions from any chemical present in the
sample, including the food matrix itself. Powerful software is

needed to explore the high resolution MS/MS spectra generated
to get answers and results from these complex data. 

The SCIEX OS oftware is a single platform for MS control,
data processing and reporting, and provides:

• Simple software workflows that deliver reliable results

• Automated identification of unknowns

• Quick data review and reporting utilizing customizable
flagging and filtering of results

Food samples from a local supermarket were extracted using a
QuEChERS procedure following guideline EN 15662/2007.
Sample extracts were diluted 10x to minimize possible matrix
effects.

LC separation was performed using a SCIEX ExionLC™ AC 
ystem with a Phenomenex Kinetex Biphenyl 2.6u (50 x 2.1mm)

column and a fast gradient of water and methanol with 5 mM
ammonium formate buffer at a flow rate of 0.5 mL/min (see
Table 1 for the gradient profile).

The injection volume was 5 µL.
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Gradient conditions used for unknown screening

0 0.0 90 10

1 0.5 90 10

2 2.0 70 30

3 9.0 40 60

4 11.0 20 80

5 12.0 5 95

6 15.0 5 95

7 16.0 90 10

8 20.0 90 10

The SCIEX X500R QTOF ystem with Turbo V™ source and
Electrospray Ionization (ESI) was used.

Mass calibration was achieved using the integrated calibrant
delivery system (CDS) with the TwinSprayer probe (dual ESI 
needle).

High resolution data were acquired using an IDA method
consisting of a TOF-MS survey (100-1000 Da for 100 msec) and
up to 20 dependent MS/MS scans (50-1000 Da for 35 msec).
MS/MS fragmentation was achieved using CE of 35 V with a
collision energy spread (CES) of ±15 V. 

Dynamic background subtraction (DBS) was activated for best
MS/MS coverage, and no inclusion list was used to also allow
retrospective unknown identification without the need for a
second injection to acquire MS/MS data. 

All data were acquired and processed using SCIEX OS
version 1.0, which showcases a thoughtfully designed user
interface that is fast to learn and delivers improved lab
productivity.

Resolution > 20,000 (at full width half height) and mass accuracy
<5 ppm are often sufficient to separate the analytes of interest
from interfering matrices and, thus, are identified as the set
requirements for compound identification in various guidelines.1, 2

The X500R QTOF system utilizes N-optics design to maximize
resolution while maintaining benchtop design and a minimized
footprint (Figure 1). Its resolving power increases with mass
range providing ~30000 to 40000 for the typical molecular weight
range of pesticides.3

The 4 mm orifice leading into the TOF accelerator delivers
resolution without compromise in sensitivity. The sensitivity of 
the X500R QTOF system is comparable to a SCIEX QTRAP®

5500 ystem operated in MRM mode, allowing extract dilution to 
minimize ion suppression while detecting easily at 10 g/kg
levels.3

N-optics design of the X500R QTOF system to maximize
resolution while maintaining benchtop design and a minimized footprint, 6
heater drones are integrated into the TOF path to maintain mass
accuracy and robustness

The X500R QTOF system achieves stable mass accuracy of
less than 2 ppm by using a heated TOF configuration, with 6
heater drones throughout the TOF path to maintain mass
accuracy and robustness. In addition, the integrated CDS with
the TwinSprayer probe provides an independent calibrant
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delivery path for reliable auto-calibration. The CDS setup
maintains mass accuracy over long periods of time by
automatically calibrating in batch mode (it is recommended to
infuse a calibrant standard every hour or two).

Furthermore, the X500R QTOF’s mass accuracy is
supplemented by legendary dynamic transmission control and
dynamic background calibration, introduced in 2010 with the
TripleTOF® system and optimized over time.

While accurate mass measurement of the molecular ion is
important for empirical formula finding, this is not the only
information available. Combining all available accurate mass MS
and MS/MS information is crucial to minimize the list of potential
formulae. Figures 2, 3 and Table 2 illustrate that the number of
formulae can be reduced from over 200 to a single match by not
only using the accurate mass of the molecular ion but also
including the isotope pattern and MS/MS matching in the
formula-finding algorithm.

Using the combined scoring of MS and MS/MS matches, SCIEX
OS lists the most likely chemical formula at the top of results
table. Also, SCIEX OS downloads a ChemSpider hit count for
each calculated formula which further assists in identifying the
correct result (Figure 2).

TOF-MS and MS/MS spectra used for empirical formula finding,
results are ranked by a combined score using MS and MS/MS
information, and when combined with the ChemSpider hit count, can be
used to quickly find the correct match

Number of matching molecular formulae depending on the
information and mass accuracy used for empirical formula finding
(elements allowed C49H75Br3Cl5F3I3N10O10PS3)

Ranking of matching formulae using MS and MS/MS
information collected for Trifloxystrobin, the MS rank combines mass
accuracy and isotope pattern matching and the MS/MS rank combines
mass accuracy and number of ions (n)

1 C20H19F3N2O4 2 0.3 2 2.0

2 C21H15F3N6 9 -2.9 4 3.0

3 C18H16N8O4 4 0.9 6 4.8

4 C15H17FN8O5 11 -1.9 5 4.8

5 C16H13FN12O 7 -5.2 10 9.0

6 C14H20F3N6O3P 22 2.8 1 2.0

7 C16H21N6O5P 7 -3.1 11 9.4

8 C23H18F2N2O3 9 3.1 14 9.4

9 C21H23F2O4P 1 -0.9 24 22.1

10 C19H21FN2O7 16 -8.4 12 9.4

In addition to more efficient formula finding, MS/MS spectra are
also needed for structural elucidation. Without MS/MS spectra it
is impossible to conclude a correct structure from a molecular
formula alone.

The example shown in Figure 4 highlights the need of fragment
ion detection to confidently differentiate between isomers
Prometon and Terbumeton.
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Confident identification of isomers Prometon and Terbumeton
using characteristic MS/MS fragment ions and MS/MS library searching

Extracted Ion Chromatograms (XIC) are generated using a non-
target peak finding algorithm. No masses or retention times are
provided to find chromatographic features. Sample-control-
comparison is used to separate matrix and sample-specific
signals from true contaminations.

High resolution TOF-MS and MS/MS data of ions of interest are
automatically processed using:

• MS/MS library searching to identify compounds already
present in existing libraries

• Empirical formula finding based on TOF-MS and MS/MS

• ChemSpider searching

• Comparison of structures retrieved from ChemSpider against
the acquired HR-MS/MS spectra

The method editor in SCIEX OS  to setup
parameters and criteria for unknown identification is shown in
Figure 5a-c. 

Method editor in SCIEX OS  for unknown
identification, selection of sample and control-sample for non-target
peak finding

Method editor in SCIEX OS  for
unknown identification, configuration of library search
parameters

Method editor in SCIEX OS  for unknown
identification, configuration of formula finding options

SCIEX offers true HR-MS/MS spectral libraries for over 2500
compounds, including pesticides, veterinary drugs, toxins,
fluorochemicals, pharmaceuticals, and illicit drugs.

Two samples of bell pepper, including an organic pepper, were
extracted and analyzed using the developed LC-HR-MS/MS
method in positive and negative polarity. Both samples were
processed using the described non-target workflow.

A total of 2358 (positive polarity) and 1563 (negative polarity)
chromatographic features were identified using the non-target
peak finding algorithm. Less than 50 features were found to be
characteristic for the contaminated bell pepper after sample-
control-comparison using an area ratio of 10.

Results can be sorted and filtered for easy data review after 
performing sample-control-comparison. Library searching and
formula finding results and scores are listed in the result table.
More details and a visual display of XIC, TOF-MS and MS/MS
for both samples can be found in peak review (Figure 6).
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Results display after non-target screening, library searching
and formula finding results are displayed in the table (top) and
chromatograms and spectra with result details can be reviewed (bottom)

Formula finding results are displayed below the TOF-MS
spectrum in the peak review window. Results are automatically
ranked by mass accuracy (MS and MS/MS) and the matching of
the isotope pattern. In addition the ChemSpider hit count is listed
to quickly identify the correct match. The formulae can be
searched against ChemSpider. Structural information from
ChemSpider will be automatically compared against the acquired
MS/MS spectrum to provide feedback for a quick identification.

Examples of tentatively identified pesticides in the bell pepper
sample are shown in Figures 7, 8 and 9.

Review of XIC of m/z 239.150 at RT 5.3 min and spectra with
a found formula of C11H18N4O2

The ChemSpider search and automatic elucidation of the
MS/MS spectrum led to the tentative identification of Pirimicarb (top) and
also of its metabolite Desmethyl-pirimicarb (bottom), both compounds
were confirmed by MS/MS library searching

Review of XIC of m/z 226.134 at RT 8.2 min and spectra with
a found formula of C14H15N3, although ranked second based on mass
accuracy the high ChemSpider hit count revealed the correct match
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The ChemSpider search and automatic elucidation of the
MS/MS spectrum led to the tentative identification of Cyprodinil, this
compound was confirmed by MS/MS library searching

Results display after non-target screening of the negative
polarity data, review of XIC of m/z 367.203 at RT 6.7 min and spectra
with a found formula of C22H28N2O3

The ChemSpider search and automatic elucidation of the
MS/MS spectrum led to the tentative identification of Methoxyfenozide

© 201  AB Sciex. For Research Use Only. Not for use in diagnostic procedures.

The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners. AB SCIEX™ is being used under license. 

Publication number: RUO-MKT-02-3761-A

A new method to identify unexpected chemical residues and
contaminants in food samples was developed using the 
SCIEX X500R QTOF ystem. Store-bought food samples
were extracted using a QuEChERS procedure and analyzed
by LC-HR-MS/MS.  

Data processing was performed in SCIEX OS . The
processing workflow consists of peak finding using a non-
target algorithm (no masses or retention times were provided
to find chromatographic features). Automatic sample-control-
comparison was used to separate matrix and sample specific
signals from true contaminations. In a final step, tools such as
empirical formula finding, MS/MS library searching and online
database searching was used for identification.

The method was successfully applied to tentatively identify 
pesticide residues in vegetable samples.

1 EU Commission Decision ‘concerning the performance of
analytical methods and the interpretation of results’
#2002/657/EC

2 EU Commission Guidance Document: ‘on analytical quality
control and method validation procedures for pesticides
residues analysis in food and feed’ #SANTE/11945/2015

3 André Schreiber et al.: ‘Using the X500R QTOF System and
SCIEX OS Software to Identify and Quantify Food Residues’
Application Note SCIEX (2016) # RUO-MKT-02-3760-A

For research use only. Not for use in diagnostic procedures.

For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all countries. For information on availability, please contact your local sales representative or  
refer to sciex.com/diagnostics

Trademarks and/or registered trademarks mentioned herein are the property of AB Sciex Pte. Ltd., or their respective owners, in the United States and/or  
certain other countries. AB SCIEX™ is being used under license. © 2017 DH Tech. Dev. Pte. Ltd. 
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Fast method development in response to contaminated orange juice imports to the U.S.

1SCIEX Concord, Ontario (Canada); 2SCIEX Framingham, Massachusetts (U.S.)
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Scheduled

Scheduled

Quant

Acetamiprid

Acibenzolar-S-methyl

Bromuconazole

Clothianidin

Cyproconazole

Epoxiconazole

Etaconazole

Fenarimol

Flutriafol

Imazalil

Imidacloprid

Metribuzin

Myclobutanil

Nitenpyram

Paclobutrazol

Pyrimethanil

Thiacloprid

Thiamethoxam

Triadimenol

Triticonazole

Average
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Acetamiprid

Acibenzolar-S-methyl

Bromuconazole

Clothianidin

Cyproconazole

Epoxiconazole

Etaconazole

Fenarimol

Flutriafol

Imazalil

Imidacloprid

Metribuzin

Myclobutanil

Nitenpyram

Paclobutrazol

Pyrimethanil

Thiacloprid

Thiamethoxam

Triadimenol

Triticonazole

Average

Acetamiprid

Acibenzolar-S-methyl

Bromuconazole

Clothianidin

Cyproconazole

Epoxiconazole

Etaconazole

Fenarimol

Flutriafol

Imazalil

Imidacloprid

Metribuzin

Myclobutanil

Nitenpyram

Paclobutrazol

Pyrimethanil

Thiacloprid

Thiamethoxam

Triadimenol

Triticonazole

Average

Acetamiprid

Acibenzolar-S-methyl

Bromuconazole

Clothianidin

Cyproconazole

Epoxiconazole

Etaconazole

Fenarimol

Flutriafol

Imazalil

Imidacloprid

Metribuzin

Myclobutanil

Nitenpyram

Paclobutrazol

Pyrimethanil

Thiacloprid

Thiamethoxam

Triadimenol

Triticonazole

Average

Acetamiprid

Acibenzolar-S-methyl
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Cyproconazole

Epoxiconazole

Etaconazole

Fenarimol

Flutriafol

Imazalil

Imidacloprid

Metribuzin

Myclobutanil

Nitenpyram

Paclobutrazol

Pyrimethanil

Thiacloprid

Thiamethoxam

Triadimenol

Triticonazole

Average
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Scheduled
Scheduled

Avocado

Banana

Carrot

Grapefruit

Grapes 1

Grapes 2

Lemon

Onion

Orange

Pepper 1

Pepper 2

Spinach

Tomato

Scheduled

Scheduled
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Detection of Pesticide 1080 (Sodium Fluoroacetate) in Milk and Infant Formula

SCIEX Concord, Ontario (Canada)
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Warrington (UK)
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egg protein 1 1_1

egg protein 1 1_2

egg protein 1 2_1

egg protein 1 2_2

egg protein 1 3_1

egg protein 1 3_2

egg protein 1 4_1

egg protein 1 4_2

egg protein 1 4_3

egg protein 1 5_1

egg protein 1 5_2

egg protein 1 5_3

egg protein 2 1_1

egg protein 2 1_2

egg protein 2 1_3

egg protein 2 2_1

egg protein 2 2_2

egg protein 2 2_3

milk protein 1 1_1

milk protein 1 1_2

milk protein 1 1_3

milk protein 1 2_1

milk protein 1 2_2

milk protein 1 2_3

milk protein 1 3_1

milk protein 1 3_2

milk protein 1 3_3

milk protein 1 4_1

milk protein 1 4_2

milk protein 1 4_3

milk protein 1 5_1

milk protein 1 5_2

milk protein 1 5_3
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S/N high flow LC

S/N microLC

S/N gain

S/N microLC with fast
gradient

S/N gain

milk protein 2 2_1

milk protein 2 2_2

milk protein 2 2_3

milk protein 3 1_1

milk protein 3 1_2

milk protein 4 1_1

milk protein 4 1_2

milk protein 4 1_3

milk protein 4 2_1

milk protein 4 2_2

milk protein 4 2_3
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Detection of Peanut and Almond Allergens in Spices

1SCIEX Singapore (Singapore), 2SCIEX Redwood City, California (USA), 3SCIEX Concord, Ontario (Canada)
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in-silico

Almond (Peptide 1)

Almond (Peptide 1)

Almond (Peptide 1)

Almond (Peptide 2)

Almond (Peptide 2)

Almond (Peptide 2)

Almond (Peptide 3)

Almond (Peptide 3)

Almond (Peptide 3)

Almond (Peptide 4)

Almond (Peptide 4)

Almond (Peptide 4)

Peanut (Peptide 1)

Peanut (Peptide 1)

Peanut (Peptide 1)

Peanut (Peptide 1)

Peanut (Peptide 2)

Peanut (Peptide 2)

Peanut (Peptide 3)

Peanut (Peptide 3)

Peanut (Peptide 3)

Peanut (Peptide 4)

Peanut (Peptide 4)

Peanut (Peptide 4)
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1SCIEX, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India; 2SCIEX, Darmstadt, Germany
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Chemicals

Honey samples

Sample Preparation

LC Conditions

MS/MS Conditions

®
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1SCIEX, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India; 2SCIEX, Darmstadt, Germany
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Chemicals

Honey samples

Sample Preparation

LC Conditions

MS/MS Conditions
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1SCIEX, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India; 2SCIEX, Darmstadt, Germany
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Chemicals

Honey samples

Sample Preparation

LC Conditions

MS/MS Conditions

®
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Compound Precursor 
ion

Product ion 
Quan�fier

Product ion 
Qualifier

Chloramphenicol 320.8 151.8 256.8
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Chemicals

Honey samples

Sample Preparation

LC Conditions

MS/MS Conditions

Compound Precursor 
ion

Product ion 
Quan�fier

Product ion 
Qualifier

Sulfamerazine 265.0 155.9 107.9

Sulfadiazine 251.0 156.0 91.9

Sulfamethazine 279.0 186.0 124.0

Sulfadimethoxine 311.0 156.1 92.0

Sulfamethoxypyridazine 280.9 91.9 107.9

Sulfamethoxazole 254.0 155.8 92.0

Sulfadoxine 310.9 155.9 92.0

Sulfathiazole 256.3 156.1 92.0

Sulfapyridine 249.9 155.7 108.1



SCIEX Food Compendium Volume 2 99

Contents     



SCIEX Food Compendium Volume 2 100

Contents     

Compound
% Recovery

10 ppb
Sulfamerazine

91.33
Sulfadiazine

96.93
Sulfamethazine

89.33
Sulfadimethoxine

93.02
Sulfamethoxypyridazine

86.52
Sulfamethoxazole

91.05
Sulfadoxine

91.58
Sulfathiazole

97.35
Sulfapyridine

90.43
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1SCIEX, 121, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India, 2Darmstadt, Germany
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Chemicals

Sample Preparation

LC Conditions

MS/MS Conditions

®

Sensitivity, Reproducibility, Linearity and Accuracy 
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Chemicals

Milk samples

Sample Preparation

LC Conditions

MS/MS Conditions

®
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Compound Precursor 
ion

Product ion 
Quan�fier

Product ion 
Qualifier

Sulfamerazine 265.0 155.9 107.9

Sulfadiazine 251.0 156.0 91.9

Sulfamethazine 279.0 186.0 124.0

Sulfadimethoxine 311.0 156.1 92.0

Sulfamethoxypyridazine 280.9 91.9 107.9

Sulfamethoxazole 254.0 155.8 92.0

Sulfadoxine 310.9 155.9 92.0

Sulfathiazole 256.3 156.1 92.0

Sulfapyridine 249.9 155.7 108.1
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Compound
% Recovery

10 ng/ml

Sulfamerazine 93.93

Sulfadiazine 101.34

Sulfamethazine 95.13

Sulfadimethoxine 99.43

Sulfamethoxypyridazine 100.95

Sulfamethoxazole 94.78

Sulfadoxine 100.17

Sulfathiazole 102.26

Sulfapyridine 98.84
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1SCIEX, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India; 2SCIEX, Darmstadt, Germany
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Chemicals

Milk samples

Sample Preparation

LC Conditions

0.01

0.50 5

1.00 70 30

2.00 70 30

3.00 95 5

3.50 95 5

MS/MS Conditions

Streptomycin 263.4

Dihydrostreptomycin 263.1 246.2
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1 295.00

2 191.00 283.00

3 107.00 197.00 284.00

4 105.00 198.00 271.00

5 102.00 205.00 264.00

6 104.00 200.00 273.00

Average Conc 
(ng/mL)

103.88 197.83 278.33

Target Conc 
(ng/mL)

100.00 200.00 300.00

% Recovery 103.88 98.92 92.78
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1 102.000 198.000 292.000

2 102.000 188.000 274.000

3 102.000 192.000 274.000

4 107.000 199.000 262.000

5 105.000 197.000 265.000

6 103.000 206.000 266.000

Average Conc 
(ng/mL)

103.500 196.667 272.167

Target Conc 
(ng/mL)

100.000 200.000 300.000

% Recovery 103.50 98.33 90.72
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1SCIEX, 121, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India, 2Sciex, Darmstadt • Germany
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Sample Preparation

LC Conditions

0.01

0.30

0.50

1.00

1.50

3.00

4.00

5.00

MS/MS Conditions

Sensitivity, Reproducibility, Linearity and 
Accuracy

r > 0.99
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Findings in Milk Samples

1

2

3

4

5

6

Average conc

Original conc

%Recovery

%CV
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1SCIEX, 121, Udyog Vihar, Phase IV, Gurgaon - 122015, Haryana, India, 2 SCIEX, Darmstadt, Germany 
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Chemicals

Sample Preparation

LC Conditions

0.01

0.30 15

0.50 72 25

1.00 70 30

1.50 15 85

3.00 15 85

4.00 85 15

5.00 85 15

MS/MS Conditions

Sensitivity, Reproducibility, Linearity and 
Accuracy

r > 0.99
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1

2

3

4

5

6

Average conc.
(µg/kg)

Original conc.
(µg/kg)

%Recovery

%CV
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Concord, Ontario (Canada)
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•

•

•

•

•

•

•

• Scheduled

•

•

0

2

3

4

5

Chloramphenicol 1

Chloramphenicol 2

Chlortetracycline 1

Chlortetracycline 2

Chlortetracycline 3

Oxytetracycline 1

Oxytetracycline 2

Oxytetracycline 3

Tetracycline 1

Tetracycline 2

Tetracycline 3
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Scheduled
Penaeus monodon
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1SCIEX Warrington (UK); 2SCIEX Paris (France); 3Laboratoire d’Etude des Résidus et Contaminants
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rbST

reST

rbST 13C6
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S/N = 74.3 S/N = 60.8

S/N = 68.7
S/N = 32.6
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1Eurofins Analytical Laboratories, Metairie, Louisiana (U.S.); 2Phenomenex Torrance, California (U.S.);
3SCIEX Framingham, Massachusetts (U.S.)
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Trimethoprim

Ciprofloxacin

Enrofloxacin

Sarafloxacin

Florfenicol

Spiramycin
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Flumequine

Diflubenzuron

Emamectin

Abamectin

Ivermectin
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Warrington (UK)
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Ampicillin

Cloxacillin

Dicloxacillin

Nafcillin

Oxacillin

Penicillin V 

Penicillin G

Sulfadiazine

Sulfadimerazine

Sulfadimethoxine
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Sulfaquinoxaline

Sulfathiazole
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Warrington, Cheshire (UK)
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0
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6

7

8.5
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In silico
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309/160

309/120

309/188
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LC-MS/MS Analysis of Emerging Food Contaminants
Identification of Artificial Colors and Dyes in Food Samples using LC-HR-MS/MS

André Schreiber1 and Paul Winkler2

1SCIEX Concord, Ontario (Canada) and 2SCIEX Redwood City, California (USA)

Here we present a novel LC-HR-MS/MS method that was used
to identify artificial colors and dyes in food samples.

High resolution MS and MS/MS data were collected using a 
SCIEX X500R QTOF in negative Electrospray Ionization
(ESI). Non-target peak finding, sample-control-comparison
followed by identification based on empirical formula finding and
ChemSpider database searching was performed in SCIEX OS

. In addition, statistical data processing was done in
MarkerView™ .

Artificial colors and dyes are used in food to make it visually
more appealing and “flavorful” since people associate certain
colors with certain flavors.

However, some dyes are banned because they are toxic and
carcinogenic. Other dyes are approved for use in foods and
regulated by Codex Alimentarius, the US-FDA, EFSA etc. Nature 
derived color additives (pigments derived from vegetables,
minerals or animals) are exempt from certification.1-3

Recent research shows a link between the presence of artificial
colors in food and behavioral problems of children.4-5 These
findings have resulted in public concern about the use of artificial
dyes.

Analytical methods used to test for the presence of banned
colors and dyes in food include TLC-UV/VIS, LC-UV/VIS, and
LC-MS. Such methods have limited selectivity and sensitivity and
are therefore only used for target analysis. Recent
advancements in LC-HR-MS technology provide the ability to
perform targeted and non-targeted screening in food samples on
a routine basis. The exact mass and MS/MS data provided by
these instruments contain enough information to confidently
identify known food ingredients and contaminants and also to
identify unknown chemicals that may also be present in the
sample.

Artificial colors and dyes in food samples were identified using
the SCIEX X500R QTOF . MS detection was performed

using information dependent acquisition (IDA) to simultaneously
collect accurate mass MS and MS/MS information.

Compounds were automatically identified. SCIEX OS was used
to automatically process the data using a non-target peak finding
algorithm and sample-control-comparison to locate unique peaks
in the sample. MarkerView™  and statistical data
processing was used to separate matrix and sample specific
signals from true contaminants. TOF-MS and MS/MS data of
ions of interest were automatically processed using empirical
formula finding and searched against online databases, such as
ChemSpider, for identification. The SCIEX OS  offers
an easy to use and intuitive workflow to tentatively identify 
unknown chemicals in food.

Store-bought “Icing Colors” were diluted 10,000x using a sugar
solution prepared by dissolving 10 g of sugar in 10 mL water (LC 
grade) to mimic the icing sugar matrix typically used for baking.

LC separation was performed using a SCIEX ExionLC™ AD 
 with a Phenomenex Luna Omega 1.6 µm Polar C18 (50

x 2.1 mm) column and a fast gradient of water and methanol with
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5 mM ammonium formate buffer at a flow rate of 0.5 mL/min (see
Table 1 for the gradient profile). The injection volume was 5 µL.

Gradient conditions used for the identification of food dyes

0 0.0 90 10

1 1.0 90 10

2 6.0 10 90

3 7.0 10 90

4 7.1 90 10

8 10.0 90 10

The SCIEX X500R QTOF  with Turbo V™ source and
Electrospray Ionization (ESI) was used in negative polarity.

Mass calibration was achieved using the integrated calibrant
delivery system (CDS) with the TwinSprayer probe (dual ESI 
needle).

High resolution data were acquired using an IDA method
consisting of a TOF-MS survey scan (100-1000 Da for 200
msec) and up to 10 dependent MS/MS scans (50-1000 Da for 50
msec). Declustering Potential (DP) was set to -80 V and MS/MS 
fragmentation was achieved using a Collision Energy (CE) of CE 
of -35 V with a collision energy spread of ±15 V. 

Dynamic background subtraction (DBS) was activated for best
MS/MS coverage. No inclusion list was used, which allowed non-
target identification without the need for a second injection to 
acquire MS/MS data.

All data were acquired and processed using SCIEX OS
version 1.0, which showcases a thoughtfully designed user
interface that is fast to learn and delivers improved lab
productivity. In addition, MarkerView™  version 1.3 was
used for statistical processing using Principal Components
Analysis (PCA). 

The X500R QTOF system utilizes an N-optics TOF design to 
maximize resolution while maintaining benchtop design and a

minimized footprint. Its resolving power increases with mass
range providing ~30000 to 40000 resolution for the typical
molecular weight range of ingredients and contaminants in food
(Figure 1).

Resolution of different chemicals detected in negative polarity
ESI in diluted dye samples

The X500R QTOF system achieves stable mass accuracy of
less than 2 ppm by using a heated TOF configuration, with 6
heater drones throughout the TOF path and by using the
dynamic background calibration software algorithm. The X500R
QTOF’s mass accuracy is supplemented by legendary dynamic
transmission control and dynamic background calibration,
introduced in 2010 with the TripleTOF® system and optimized
over time.

In addition, the integrated CDS with the TwinSprayer probe
provides an independent calibrant delivery path for reliable auto-
calibration (Figure 2), maintaining mass accuracy over long
periods of time by automatically calibrating in batch mode.

TwinSprayer ESI probe showing the independent inlet for LC
and calibrant



SCIEX Food Compendium Volume 2 151

Contents     

The accurate mass measurement of a molecular ion is
insufficient for compound identification. Single stage MS
information can only be used for empirical formula finding.
Because many different chemicals have identical molecular
formulas accurate mass MS/MS data are absolutely necessary
to identify chemical structures based on the molecular fingerprint
observed in the MS/MS spectrum.

Using IDA, simultaneous acquisition of TOF-MS and MS/MS into
a single data file for each sample was possible. Up to 10 MS/MS
spectra were automatically collected for each chromatographic
data point (Figure 3).

Simultaneous acquisition of TOF-MS and MS/MS using IDA,
the example shows spectra of sucrose and sucrose dimer of the matrix

Full scan chromatograms are very rich in information and easily
contain thousands of ions from chemicals present in the sample,
including the food matrix itself. Powerful software is needed to
explore the high resolution MS and MS/MS spectra generated to
get answers and results from these complex data.

Figure 4 shows Total Ion Chromatograms (TIC) of samples
analyzed. It can be seen that the TIC are dominated by matrix
components (sugars) eluting at ~0.3 min. The main dyes in the
red and blue sample can be found, but minor components and
ingredients in the yellow and brown sample are not visible.

TIC of a blank (water), matrix (sugar solution) and for dyes
samples, peak finding without software tools is very complicated or even
impossible

SCIEX OS   a single platform for MS control,
data processing and reporting, and provides:

• Simple software workflows that deliver reliable results

• Automated feature detection based on non-target peak finding
followed by sample-control-comparison

• Automated compound identification using empirical formula
finding followed by library and online database searching

• Quick data review and reporting utilizing customizable
flagging and filtering of results

The workflow to setup non-target data processing is illustrated in
Figures 5a and b.

Selecting unknown sample(s) and control sample for
non-target data processing and sample-control comparison in SCIEX
OS
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Setup of non-target peak finding criteria and identification
tools, including MS/MS library searching and empirical formula finding,
criteria for traffic lights are set for later data review and filtering

After non-target peak finding and sample-control-comparison the
results are displayed (Figure 6). The results table can be sorted
and filter using the traffic lights. The Peak review will
automatically provide XIC, TOF-MS and MS/MS data for both the
sample and control sample.

Results display after non-target peak finding and sample-
control comparison, results were filtered by formula finding score (>70%)
and sorted by intensity

Zooming into the TOF-MS spectrum provides details of formula
finding, including mass error in TOF-MS and MS/MS and the
number of structures found in ChemSpider for each possible
formula (Figure 7).

Zoom into TOF-MS to display detailed results of formula
finding, the most likely formula has a mass error of 0.3 ppm in TOF-MS
an average mass error of 1 ppm of all fragments in MS/MS and 5
matching structures in ChemSpider

From the TOF-MS display the formula can be linked to
ChemSpider. The ChemSpider display will list all matching
structures, automatically sorted by number of references. The
selected structure is automatically fragmented in-silico and
compared against the accurate mass MS/MS spectrum.

Using this workflow the main ingredient in the red food coloring
was quickly identified as Erythrosine (Figure 8).

ChemSpider search results and in-silico fragmentation assisting
to quickly identify Erythrosine in red food coloring

Identified artificial dyes and by-products are summarized in
Table 2. Figures 9, 10 and 11 show further examples of
identification based in ChemSpider searching and MS/MS
elucidation.
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ChemSpider search results and in-silico fragmentation assisting
to quickly identify Tartrazine in yellow food coloring

ChemSpider search results and in-silico fragmentation
assisting to quickly identify Brilliant Blue in blue food coloring

Artificial dyes and by-products identified in samples

m/z

Red 834.6480 / 5.02 88.5 C20H8I4O5 94.5 0.3 1.0

708.7515 / 4.91 6.1 C20H9I3O5 93.4 0.5 0.9 Erythrosine-I

890.6733 / 5.47 1.0 C23H12I4O6 92.0 0.8 0.8 Erythrosine+C3H4O

407.0012 / 2.76 0.6 C16H12N2O7S2 96.2 0.1 1.0

582.8543 / 4.87 0.4 C20H10I2O5 92.1 0.1 2.1 Erythrosine-I2

Yellow 197.9867 / 0.53 C7H4NO4S- 88.9 0.7 2.0 in-source fragment

466.9974 / 0.53 90.3 C16H12N4O9S2 92.0 0.2 2.0

224.0134 / 0.53 C8H6N3O3S- 93.6 0.7 0.5 in-source fragment

501.9503 / 0.56 9.7 contains 2 Cl- not identified

Blue 747.1508 / 4.01 90.1 C37H36N2O9S3 86.9 0.3 3.3

577.1473 / 4.49 5.4 C30H30N2O6S2 92.5 0.2 1.7
Brilliant Blue -

C7H6O3S
(by-product)

184.9909 / 0.52 4.5 C7H6O4S 78.1 2.1 2.3
3-Formylbenzene-

sulfonic acid
(by-product)

Brown 407.0012 / 2.76 33.9 C16H12N2O7S2 93.3 0.2 1.6

451.0277 / 3.31 24.8 C18H16N2O8S2 86.6 0.5 3.0

834.6480 / 5.02 19.1 C20H8I4O5 92.8 0.1 1.9

501.9503 / 0.56 9.3 contains 2 Cl- not identified

* Area % includes monoisotopic peak, isotopes, adducts (i.e. Na+), multiply charged ions and in-source-fragments
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ChemSpider search results and in-silico fragmentation
assisting in the quick identification of Allura Red in the brown food
coloring

Statistical data analysis is an alternative to simple sample-
control-comparison. Tools, such as Principal Components
Analysis (PCA), can be used to identify characteristic markers in
complex samples and at lower levels. Figure 12 shows an
example of PCA performed in MarkerView™  to find
ingredients in food dyes.

PCA as an alternative to sample-control comparison quickly
finds differences between samples (score plot shown left) and helps to
identify characteristic m/z-RT using the above described tools

A new non-target LC-HR-MS/MS based approach to quickly
identify artificial colors in food samples was developed using
the SCIEX X500R QTOF .

Negative polarity ESI TOF-MS and MS/MS data acquired using
information dependent acquisition were processed in SCIEX OS
and MarkerView™ . Characteristic m/z-RT were
further processed using empirical formula finding and
ChemSpider searching. The major compounds in food coloring
were quickly identified using automated and intuitive software
workflows in SCIEX OS.

1 http://www.fao.org/fao-who-
codexalimentarius/standards/gsfa/en/

2 http://www.fda.gov/ForIndustry/ColorAdditives/
3 https://www.efsa.europa.eu/en/topics/topic/foodcolours
4 L. J. Stevens et al.: ‘Amounts of Artificial Food Dyes and

Added Sugars in Foods and Sweets Commonly Consumed
by Children’ Clin. Pediatr. 54 (2015) 309-321

5 D. McCann et al.: ‘Food additives and hyperactive behaviour
in 3-year-old and 8/9-year-old children in the community: a
randomised, double-blinded, placebo-controlled trial’ Lancet
370 (2007) 1560–1567
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Profiling and Identification of Hop-Derived Bitter Compounds
in Beer Using LC-HR-MS/MS
André Schreiber
SCIEX Concord, Ontario (Canada)

Here we present a method to study the profile of hop-derived
bitter compounds using LC coupled to high resolution mass
spectrometry.

Diluted beer samples were injected directly into the SCIEX 
X500R QTOF . Data were processed using both a 
targeted list of accurate masses of molecular ions of known hop-
derived compounds in SCIEX OS  and a non-targeted
analysis by performing statistical data processing (Principal
Components Analysis, PCA) in MarkerView™ .

Beer is the world's most widely consumed beverage (after tea
and water) and probably the oldest alcoholic beverage.1 Beer
has attracted consumers over centuries due to its refreshing
character, attractive aroma, and typical bitter taste.

The production of beer is called brewing, which involves the
fermentation of starches, mainly derived from cereal grains (most
commonly malted barley, although wheat, corn, and rice are
widely used). Most beer is flavored with hops, which add
bitterness and act as a natural preservative, though other
flavorings such as herbs or fruit may occasionally be included.2

Aroma-active volatiles as well as nonvolatile bitter compounds of 
beers have been thoroughly investigated in recent decades.

The typical hop-derived beer bitterness is caused by adding
cones, pellets, or extracts of hop during wort boiling. A number of 
isomerization processes have been identified to be of major
importance for bitter taste development in the final beer product.
The so-called isoxanthohumol (Figure 1), identified as a bitter
compound in beer, was found to be generated from the hop-
derived xanthohumol, during wort boiling. Moreover, trans- and
cis-iso-α-acids have been identified as the major bitter
contributors in beer and were demonstrated to be generated
upon a rearrangement reaction of their hop-derived precursors, 
the α-acids. Following the α-acids, the second major
constituents of hop are the β-acids (Figure 1), but there are
almost no data available on the direct contribution of these

compounds to beer bitterness or on their role in the generation of
bitter-tasting conversion products during wort boiling.3, 4

Hop-derived bitter compounds and their isomerization
processes during the wort boiling

Here an LC-HR-MS/MS based method is presented using the
SCIEX X500R QTOF  to identify hop-derived bitter 
compounds in beer based on accurate mass MS and MS/MS
data after information dependent acquisition (IDA) followed by

Xanthohumol Isoxanthohumol

α-acids (such as cohumulone and humulone) trans- and cis-iso-α-acids
(such as isocohumulone and isohumulone)
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targeted and non-targeted data processing in SCIEX OS 
and MarkerView™ .

• Store-bought samples from the Liquor Control Board of
Ontario (LCBO)

• Degassed and diluted 2x with water

• Injection of 5 µL

• ExionLC™ AD system

• Phenomenex Luna Omega 1.6 µm Polar C18 (50 x 2.1 mm)

• Gradient of water/methanol + 5 mM ammonium formate at a
flow of 0.5 mL/min (Table 1)

Gradient conditions used for the identification hop-derived bitter
compounds

0 0.0 90 10

1 1.0 90 10

2 6.0 10 90

3 7.0 10 90

4 7.1 90 10

8 10.0 90 10

The SCIEX X500R QTOF  with Turbo V™ source and
Electrospray Ionization (ESI) was used in positive polarity. Ion
source temperature was set to 450ºC and IS voltage was set to
5500 V.

Mass calibration was achieved using the integrated calibrant
delivery system (CDS) with the TwinSprayer probe (dual ESI 
needle).

High resolution data were acquired using an IDA method
consisting of a TOF-MS survey (100-1000 Da for 200 msec) and
up to 10 dependent MS/MS scans (50-1000 Da for 50 msec).
Declustering Potential (DP) was set to 80 V and MS/MS
fragmentation was achieved using a Collision Energy (CE) of 35
V with a Collision Energy Spread (CES) of ±15 V.

Dynamic background subtraction (DBS) was activated to achieve
the most complete MS/MS coverage. No inclusion list was used
which allowed non-target identification without the need for a
second injection to acquire MS/MS data. 

All data were acquired and processed using SCIEX OS 
version 1.0, which showcases a thoughtfully designed user
interface that is fast to learn and delivers improved lab
productivity. In addition, MarkerView™  version 1.3 was
used for statistical processing using Principal Components
Analysis (PCA). 

The X500R QTOF system utilizes N-optics design to maximize
resolution while maintaining benchtop design and a minimized
footprint. Its resolving power increases with mass range
providing ~30000 to 40000 resolution for the typical molecular
weight range of ingredients and potential contaminants in beer
(Figure 2). 

Resolution in TOF-MS and MS/MS mode achieved for
isoxanthohumol

The X500R QTOF system achieves stable mass accuracy of
less than 2 ppm by using a heated TOF configuration, with 6
heater drones throughout the TOF path and by using the
dynamic background calibration software algorithm. The X500R
QTOF’s mass accuracy is supplemented by legendary dynamic
transmission control and dynamic background calibration,
introduced in 2010 with the TripleTOF® system and optimized
over time.
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In addition, the integrated CDS with the TwinSprayer probe
provides an independent calibrant delivery path for reliable auto-
calibration (Figure 3), maintaining mass accuracy over long
periods of time by automatically calibrating in batch mode.

TwinSprayer ESI probe showing the independent inlet for LC
and calibrant

The accurate measurement of a molecular ion is insufficient for
compound identification. Single stage MS information can only
be used for empirical formula finding, and accurate mass MS/MS
data are absolutely necessary to identify chemical structures
based on the molecular fingerprint saved into the pattern of
fragment ions.

Using IDA, simultaneous acquisition of TOF-MS and MS/MS
data in a single data file for each sample was possible. Up to 10
MS/MS spectra were automatically collected for each
chromatographic data point (Figure 4).

Simultaneous acquisition of TOF-MS and MS/MS spectra using
IDA, the example shows spectra of isoxanthohumol (355) and the
pesticide boscalid (343)

A targeted processing method was built to profile for 26 known
hop-derived bitter compounds (Figure 5). Retention times were
established by comparing the chromatographic profiles of beer
samples to results published in literature.3

During targeted processing, Extracted Ion Chromatograms (XIC)
of all analytes are generated based on user input (chemical
formula and expected retention time). MS and MS/MS
information is automatically evaluated if an XIC signal is detected
and compounds are identified by matching retention time,
accurate mass and isotope pattern of the molecular ion.

Targeted processing method to profile known hop-derived bitter
compounds, XIC will be generated based on provided chemical formula
and retention time)

During this project a small HR-MS/MS library was generated to
assist future identification by also utilizing the MS/MS
fragmentation (Figure 6).

Updating HR-MS/MS libraries in SCIEX OS  to
assist future compound identification
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The amounts of xanthohumol (X) and isoxanthohumol (IX) in a
beer can provide information about how hops were used during
the beer making process. Figure 7 shows the intensity for IX and
X in 3 different beers. The observed X/IX ratio of the pilsner and
Weissbier is in line with published data.3

Intensity of isoxanthohumol (IX) and xanthohumol (X) and the
X/IX ratio in different beers (left to right German pilsner, German
Weissbier of the same brewery and dry-hoped IPA produced in Ontario,
Canada)

The concentrations of IX, X and X/IX from the beer samples are
summarized in Figure 8. This data reflectins different styles of
beer making. It is obvious that the high X/IX ratio in Pale Ales
and India Pale Ale (IPA) is caused by the late addition of hops
during the boiling and fermentation process.4

Intensity of isoxanthohumol (IX) and xanthohumol (X), top, and
the X/IX ratio, bottom, for 40 different beers including different styles. The
data reflect the differences of beers produced in different countries

Isoxanthohumol (IX), isocohumulone (ICH), and isohumulone
(IH) were the 3 most abundant hop-derived bitter compounds
detected in beer. ICH and IH and other iso-α-acids were present
in their trans- and cis- form (Figure 9). The intensity ratio of
trans/cis acids varied between 0.02 to 0.15 (American Lagers <
European Pilsners < American Pal Ales and IPA).

Intensity of cis- and trans-isocohumulone, isohumulone,
cohumulone, and humulone in a Czech pilsner, the trans/cis ratio was
0.06

The measure of bitterness in beer is the IBU (International
Bittering Units). A plot of the sum of the peak areas of IX, ICH
and IH against the IBU for different beers is shown in Figure 10.

Correlation of intensity of IX, ICH and IH against the published
IBU for different beer styles (yellow: American lagers, orange: European
pilsners, red: Pale Ales and India Pale Ales, brown: Bock, and black:
Stout)
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Statistical data analysis, such as Principal Components Analysis
(PCA), can be used to profile and compare different beverage
samples. Figure 11 shows the PCA scores plot for 40 different
beers. Beers of similar style group together. The location of a 
sample in the plot indicates a specific flavor or color (i.e. lighter
beer vs. a more hoppy/bitter beer). The PCA loadings plot
assists in finding characteristic markers (m/z-RT). Once these
markers are found, the corresponding chemical can be identified
using formula finding based on accurate mass MS and MS/MS
followed by ChemSpider searching and MS/MS elucidation.

PCA scores plot used to profile and map different beer styles,
the loading plot (not shown here) assisted to find characteristic m/z-RT

The β-acids lupulone and adlupulone were found in higher
concentrations in darker beers, such as stout and black IPA, as
the profile plot (bottom trace) in Figure 11 shows. Both
compounds were identified using the described automated
software tools in SCIEX OS  (Figure 12).

Identification of lupulone and adlupulone in an Irish stout
based on formula finding followed by ChemSpider searching and MS/MS
elucidation

The SCIEX X500R QTOF  was used to analyze 40 
different beer samples in positive polarity ESI using information
dependent acquisition of MS and MS/MS spectra. Samples were
processed using a targeted approach to profile 26 known hop-
derived bitter compounds in SCIEX OS . Samples were
also processed using PCA in MarkerView™ .

This study shows that LC-HR-MS/MS is a valuable tool to study
flavor and aroma profile in food and beverage samples.

1 J. P. Arnold: ‘Origin and History of Beer and Brewing: From
Prehistoric Times to the Beginning of Brewing Science and
Technology’ Alumni Association of the Wahl-Henius Institute
(1911) Reprint Edition (2005) www.BeerBooks.com

2 R. Barth: ‘The Chemistry of Beer: The Science in the Suds’
Wiley (2013)

3 D. Intelmann, G. Haseleu, and Th. Hofmann: ‘LC-MS/MS
Quantitation of Hop-Derived Bitter Compounds in Beer Using
the ECHO Technique’ J. Agric. Food Chem. 57 (2009) 1172-
1182

4. J. F. Stevens, A. W. Alan, M. L. Deinzer: ‘Quantitative
analysis of Xanthohumol and related prenylflavonoids in hops
and beer by liquid chromatography tandem mass
spectrometry’ J. Chrom. A 832 (1999) 97-107
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SCIEX University
Best-in-class content, 
personalized learning paths – 
delivered using the latest 
memory science techniques.  

Workflow Support
Whatever your challenge, the SCIEX 
Support team is here to help you 
achieve your scientific goals quickly 
and efficiently.

Self Help Resources
Our Knowledge Base and Community help 

you move your science forward and find the 
answers you need from SCIEX experts as 

well as your peers.

Lab Enhancement 
Services

SCIEX Lab Enhancement 
Services apply a holistic 
approach to your lab to 

increase productivity and 
reduce system downtime.

Product & Data Security
Increase your confidence with compliance services to 

help you safeguard your data, confirm data integrity, and 
ensure system modifications can be traced.

Onboarding
We register you to SCIEX Now Online, enroll 
you to your SCIEX University learning path, 
and send you a welcome email.
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