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A B S T R A C T

The need for an analytical procedure for the identification of allergens present at trace levels in foods was
highlighted by conflicting results in a case of contamination of the spice cumin. The application of a bottom-up
proteomics experiment was investigated to identify marker peptides for potential contaminant nuts which could
then be monitored with high specificity and sensitivity by selective reaction monitoring experiments. The
method developed allowed for the distinction between two closely related Prunus species, almond and mahaleb,
in two different spices, cumin and paprika. The paprika sample was found to be contaminated with almond and
the cumin sample, contaminated at a much lower level, was found to be contaminated with mahaleb. The
method could be applied to any protein-dense food matrix allergen so long as suitable control and reference
samples can be acquired.

1. Introduction

The issue of food allergens has significant impacts on sufferers
(Muraro et al., 2014) and as a result, food labelling legislation has been
introduced in the EU to protect consumers (European Parliament and
the Council of the European Union, 2011). The EU legislation on food
labelling requires declaration of any of 14 allergen groups used as in-
gredients in a food. However, contamination of the food chain with
allergens can also occur through unexpected sources, for example, as a
result of carryover from equipment used for the processing of multiple
food stuffs.

The UK Government Chemist (https://www.gov.uk/government/
organisations/government-chemist) is, in defined circumstances, re-
sponsible for the investigation of disputes in the food chain. Pursuant to
these duties two cases of contaminated spices were referred to the
Government Chemist for investigation as a result of apparent almond
contamination. The first, in February 2015, was ground cumin (Food
Standards Agency., 2015). The second, was ground paprika. These
spices were analysed with multiple techniques (Burns et al., 2016;
Government Chemist., 2015; Nixon, Hall, Wilkes, Walker, & Burns,
2016) to determine the Prunus contaminant species present. The pre-
sence of unrecognised almond in a food may present risks for people
with almond allergy and there are significant economic impacts when
products are withdrawn from the market hence testing procedures must
be specific and robust.

The principal class of molecules that elicit an allergic reaction in
food are proteins (Johnson et al., 2011). The use of immunochemical
approaches such as ELISAs (enzyme-linked immunosorbent assays) fa-
cilitates high sensitivity for trace level protein contaminants. They also
offer the advantage of being rapid and relatively inexpensive but the
specificity of antibody recognition of target proteins may in some in-
stances be compromised by peptide sequence homology (Walker, Burns,
Elliott, Gowland, &Mills, 2016). The prunin protein, expressed in var-
ious proteoforms across the Prunus species as illustrated in Fig. 1, is an
example of an allergenic protein that shows high sequence homology
and may result in cross-reactivity.

The application of a polymerase chain reaction (PCR) experiment
for the detection of an allergen facilitates high sensitivity for a specific
species as it is able to amplify very low levels of DNA for detection.
However, in this situation, the presence of DNA is used to infer the
presence of the allergenic molecules, the proteins and although DNA is
ubiquitous across all parts of the plant, the proteins may show localised
expression profiles.

Mass spectrometry offers a number of advantages when considering
the detection of protein allergens in food matrices. Firstly, it offers the
stringent specificity required for confirmation of the presence of the
analytes of interest especially when employing selected reaction mon-
itoring (SRM) experiments on triple quadrupole instruments. Secondly,
it offers a wide dynamic range when considering the abundance of the
analyte and high sensitivity can be achieved if the correct sample

http://dx.doi.org/10.1016/j.foodchem.2017.10.101
Received 31 July 2017; Received in revised form 27 September 2017; Accepted 19 October 2017

⁎ Corresponding author.
E-mail addresses: Sophie.Inman@LGCgroup.com (S.E. Inman), Kate.Groves@lgcgroup.com (K. Groves), Bryan.McCullough@lgcgroup.com (B. McCullough),

Milena.Quaglia@lgcgroup.com (M. Quaglia), Christopher.Hopley@lgcgroup.com (C. Hopley).

Food Chemistry 245 (2018) 289–296

Available online 21 October 2017
0308-8146/ © 2017 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03088146
https://www.elsevier.com/locate/foodchem
http://dx.doi.org/10.1016/j.foodchem.2017.10.101
https://www.gov.uk/government/organisations/government-chemist
https://www.gov.uk/government/organisations/government-chemist
http://dx.doi.org/10.1016/j.foodchem.2017.10.101
mailto:Sophie.Inman@LGCgroup.com
mailto:Kate.Groves@lgcgroup.com
mailto:Bryan.McCullough@lgcgroup.com
mailto:Milena.Quaglia@lgcgroup.com
mailto:Christopher.Hopley@lgcgroup.com
https://doi.org/10.1016/j.foodchem.2017.10.101
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2017.10.101&domain=pdf


preparation techniques are implemented. Thirdly, the sample prepara-
tion and method can be designed to target the particular class of mo-
lecule of interest. In the application of mass spectrometry for the de-
tection of allergens, ideally, the target analyte would be the specific
molecule giving rise to the allergenic response and a number of pub-
lications have reported the detection of peptides for the detection of
allergens in foods (Sealey-Voyksner, Zweigenbaum, & Voyksner, 2016).
All have taken different approaches to the sample preparation methods
and use different criteria for the confirmation of the presence of par-
ticular foods.

The aim of this work was to develop a robust method for the de-
tection of trace levels of Prunus nut protein contaminants, almond
(Prunus dulcis) and mahaleb (P. mahaleb), in the spices cumin and pa-
prika. Mahaleb was investigated as its presence had been found to give
false-positive results in the detection for almond by the Canadian Food
Inspection Agency at the same time as the contaminated cumin case
was referred to the Government Chemist (Canadian Food Inspection
Agency., 2015). To be able to differentiate between almond and ma-
haleb, required the identification of peptides unique to each species
despite minimal information in the literature due to a lack of char-
acterisation of the mahaleb proteome. Furthermore to improve the
sensitivity of the method, the extraction procedure was maximised by
applying an in house developed extraction procedure (Groves, Cryar,
Walker, & Quaglia, in press). Once unique marker peptides had been
identified, the spices were analysed for the presence or absence of the
contaminants. The approach used here to identify and detect unique

peptide markers of food contaminants can be applied to different food
matrices to improve food authenticity and allergen analysis.

2. Materials and methods

2.1. Samples

The samples referred to the Government Chemist for a definitive
determination of which Prunus species was present were ground cumin
(Cuminum cyminum) and ground paprika (Capsicum annuum) hereafter
referred to as ‘referred cumin’ and ‘referred paprika’ respectively.

Control materials were sourced from commercial retailers with
traceable supply chains and processing procedures. Organic cumin
seeds and almond nuts (Prunus dulcis) were finely ground in house.
Kernels were taken from whole apricots (Prunus armeniaca) before
grinding. The remaining samples, standard (blank) & smoked paprika
and mahaleb (Prunus mahaleb), were acquired in ground form.

2.2. Chemicals

Water used for the sample preparation and mobile phases was from
an ELGA purifier system (18.2 MΩ). Tris(hydroxymethyl)amino-
methane (Tris-HCl), dithiothreitol (DTT), iodoacetamide (IAA) and
TPCK-trypsin were from Sigma Aldrich (Poole, UK). Acetic acid and
formic acid (FA) were from Fisher Scientific (Loughborough, UK).
Acetonitrile (ACN) was from LGC Standards (Teddington, UK).

Fig. 1. The amino acid sequence alignments of the prunin 1 protein from three different Prunus species illustrating the sequence similarities (*).
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2.3. Extraction and digestion

Aliquots (0.15 g) of finely ground spice or nut were resuspended to
0.1 mg/mL in 100mM Tris-HCl, pH 8. Disulfide bond reduction was
achieved by the addition of 50 µL of 200mM DTT and incubation at
25 °C with shaking for 30min. Reduced cysteine residues were then
alkylated by the addition of 50 µL of 400mM IAA and incubation at
25 °C with shaking for 30min. The alkylation reaction was quenched by
the addition of a further 50 µL of 200mM DTT and incubation at 37 °C
for 15min.

A tryptic digestion cycle was performed. Thermal denaturation was
achieved by heating the extract for 25min in a 60 °C water bath with
sonication. The samples were cooled to room temperature by incuba-
tion in a −20 °C freezer for five minutes. A 10 µL aliquot of TPCK-
trypsin, 1 µg/µL in 1% acetic acid, was added to the cooled extracts
before incubation at 37 °C with shaking for 30min. This cycle was re-
peated until the fourth addition of trypsin at which point the digests
were incubated at 37 °C overnight.

2.4. Peptide clean up

The overnight digests were centrifuged at approximately 12,000g
(13,000 rpm) for 20min and the supernatant removed. The supernatant
was further clarified by centrifugation at 12,000g for an additional
20 min.

Solid phase extraction (SPE) was performed using SUPELCLEAN™
LC-18 500mg bed columns (Supelco, Sigma Aldrich). Columns were
conditioned with 3mL acetonitrile followed by equilibration with 3mL
100mM Tris-HCl, pH 8. Clarified digest supernatant (1 mL) was then
loaded onto the column.

2.4.1. Cumin referee case conditions
The column was washed with 9mL of 5% ACN, 0.1% (v/v) formic

acid and eluted with 3 mL of 40% ACN, 0.1% (v/v) formic acid. The
elution fractions were lyophilised using a vacuum centrifuge (AVC 2-
22, Christ) at 6.0 mbar and −53 °C overnight. Prior to LC-MS/MS
analysis, the lyophilised samples were resolubilised in 150 µL of 0.1%
formic acid in water with vigorous vortexing.

2.4.2. Optimised conditions
The column was washed with 9mL of 10% ACN, 0.1% (v/v) formic

acid and eluted with 1.5 mL of 30% ACN, 0.1% (v/v) formic acid. The
elution fractions were lyophilised and resuspended as in the initial
experiments.

2.5. Marker peptide selection

2.5.1. Literature peptides
An in silico digest was performed on the amino acid sequence of Pru

du amandin (also known as almond major protein, AMP, or prunin,
Fig. 1), the major allergenic protein in almond (Roux, Teuber,
Robotham, & Sathe, 2001). For mahaleb, at the time of analysis, there
were only 12 entries registered on UniProt. These translated to four
proteins expected to be present in the leaves of the plant so simulated
digests were not possible.

2.5.2. LC-DDA for marker peptide identification
The almond, mahaleb and apricot tryptic digests (prior to optimi-

sation of the SPE procedure) were subjected to a data dependent ana-
lysis (DDA) experiment. Liquid chromatography (LC) was performed on
an Agilent 1200 system coupled to an Agilent 6530 QToF operated in
data dependent analysis (DDA) mode using Mass Hunter Data
Acquisition (Agilent Technologies). A Waters BEH-C18 column (3.5 µm,
2.1×150mm) at 35 °C was used for separation with a 0.4 mL/min
gradient from 5% A (0.1% FA in water) to 60% A over 20min before a
column wash with 100% B (0.1% FA in ACN) and re-equilibration to

starting conditions.
MS source conditions were: gas temperature 360 °C, drying gas 5 L/

min, sheath gas temperature 400 °C, sheath gas flow 7.5 L/min, frag-
mentor 180 V, skimmer 70 V, capillary voltage 3500 V, nozzle voltage
1000 V. For the DDA experiments, MS survey scans were acquired for
250ms from 250 to 2000m/z and spectra were internally calibrated
with a two-point lock mass calibration. The two most abundant pep-
tides with a charge state greater than 2+ were selected for fragmen-
tation with a collision energy gradient according to the equation: CE
(V)= (3.5×m/z)/(100+ (−1)). The isolation window was set to
medium (∼m/z 4) and fragmentation spectra were acquired for 500
ms.

The DDA data file was analysed in Mass Hunter Qualitative Analysis
(Agilent Technologies) and exported as a MGF file for peptide and
protein identification in MASCOT (Perkins, Pappin, Creasy, & Cottrell,
1999). An in-house Mascot server (version 2.2.06) was used. MASCOT
search parameters included a 10 ppm peptide tolerance window and a
0.06 Da fragment ion tolerance window for sequences. There were no
fixed modifications, but deamidation and methionine oxidation were
allowed as variable modifications. The NCBI database (NCBInr 100326,
10688764 sequences; 3647636407 residues) was used.

The ‘ROUND’& ‘MATCH’ functions in Microsoft Excel were used to
compile a list of precursor m/z values present in all the almond MGF
files but none of the mahaleb MGF files and vice versa. The m/z values
of the precursor ions of the identified peptides were used to generate
extracted ion chromatograms from the MS survey scans and confirm
their specificity to one species or the other. ‘Unique’ precursor m/z
values were compared to the results of the MASCOT database search to
determine which were assigned peptide sequences. The peptide se-
quences were further verified with targeted MS/MS on the QToF.

2.6. Skyline

The peptides selected as markers for almond or mahaleb were en-
tered into Skyline (MacLean et al., 2010) to generate a list of transi-
tions. The transitions and collision energies used were optimised for
SRM using Skyline and the results manually verified. Each peptide was
monitored by three transitions. Cysteine containing peptides were re-
moved except for one of the peptides from the literature determined as
unique to almond.

2.7. Marker peptide detection by SRM

High performance liquid chromatography (HPLC) was performed on
an Waters Acquity H class system using the same Waters XBridge®
Peptide BEH C18 column (130 Å, 3.5 µm, 2.1× 150mm) as was used
for the peptide identification experiments. Peptide separation was
achieved with a gradient elution from aqueous (Buffer A, 0.1% FA in
deionised water) to organic (Buffer B, 0.1% FA in ACN) mobile phases
(0 min: 5% B, 2min: 5% B, 4min: 18% B, 14min: 22% B, 16.5min:
35% B, 17min: 100% B, 19.5 min: 100% B, 19.7min: reequilibrate at
5% B). The column eluent was diverted to waste for the first 5 and last
3.7 min of the gradient.

SRM of the peptides listed in Table 1 was performed on an ABSciex
4000 QTrap. Source parameters were optimised for peptide analysis:
source temperature 650 °C, ion source gases 50 °C, IonSpray voltage
5500 V. The LC, divert valve and mass spectrometer were controlled by
Analyst (AB Sciex). Some preliminary experiments were performed
using the same LC conditions on an Agilent 1200 RR system coupled to
an Agilent 6490 mass spectrometer, with source conditions optimised
for the detection of peptides.

S.E. Inman et al. Food Chemistry 245 (2018) 289–296

291



3. Results & discussion

3.1. Initial experiments

Initial experiments were performed on five neat “nut” samples (al-
mond kernel, almond shell, inner and outer apricot kernel and ma-
haleb) and the control and referred cumin samples by replicating a
literature method that extracted proteins from the matrix prior to
tryptic digestion (Heick, Fischer, & Pöpping, 2011). Briefly, extraction
was performed on 2 g of ground material by incubation in Tris buffer.
Extracted proteins were subjected to a size exclusion step (using BioRad
spin columns) for sample clean up prior to concentration by ultra-
filtration (Amicon Ultra). Heick et al. reported four peptides from the
prunin protein as indicative of the presence of almond. When analysed
by LC-MS/MS on the Agilent 6490 QqQ, the peptides could be detected
in the neat “nut” samples but not in the referred cumin. Furthermore,
the peptides were found not to be specific to the almond sample.

To improve recovery of the nut peptides from the spice matrix, an in
house thermal cycling digestion protocol (Groves et al., in press) was
applied in which extraction and digestion should occur simultaneously
and the repeated cycles expose more of the solid matrix for extraction.
Although this did improve the nut protein recovery and the peptides
were detected in the referred cumin, the lack of specificity of the
peptides meant the contaminating species could not be unequivocally

assigned as almond.

3.2. Novel peptide identification

Further almond, apricot and mahaleb samples were subjected to the
in house thermal cycling digestion protocol and an SPE clean-up pro-
cedure (5% ACN wash, 40% ACN elution). A layer of fat was clearly
visible after the centrifugation step. The SPE eluents were pooled before
analysis by LC-MS/MS using DDA experiments and triplicate injections.
The fragmentation data was exported as MGF files to allow for peptide
identification with a MASCOT powered database search. Initially the
Swissprot database was used for peptide ID however, due to the lack of
verified protein sequences from the Prunus species, a poor number of
protein hits were returned and the larger NCBI database was used.

The MGF files were further analysed manually using Excel as de-
scribed in the Materials &Methods. Each stage of the data processing
protocol reduced the number of peptides: approximately 800m/z values
selected for fragmentation were filtered down to approximately 30m/z
values for manual investigation. Extracted ion chromatograms were
generated for these 30m/z values of the precursor ions (± 10 ppm) to
confirm their uniqueness to almond or mahaleb, their retention times
and signal intensity. If they were found to be unique by high resolution
MS, the result of the Mascot database search was used to give a peptide
sequence. The peptide sequence was verified with a targeted MS/MS

Table 1
The transitions monitored for the peptides of interest. The * symbol highlights the quantifier ions. The † symbol highlights the peptides used for confirming the presence of almond as
found in the literature (Heick et al., 2011).

Specificity Peptide Precursor Ion/m/z Fragment Ion /m/z Declustering Potential /V Collision Energy /V

Mahaleb SGGQILPIR 2+ 470.7824 +y6
1 739.4825 65.4 21.0

+y5
1 611.4239 65.4 21.0

* +y4
1 498.3398 65.4 26.0

DFVSSPFR 2+ 477.7376 +y5
1 593.3042 50.0 22.0

+y4
1 506.2722 50.0 22.0

* +b2
1 263.1026 50.0 23.0

VPTPVPPRVSSPR 2+ 694.9041 +y10
1 1091.6320 81.8 30.0

+y8
1 895.5108 81.8 30.0

* +y2
1 272.171 81.8 35.3

Almond ISTLNSHNLPILR 3+ 493.2877 +y11
2 639.3699 67.1 22.4

+b2
1 201.1234 67.1 22.4

* +y12
2 682.8859 67.1 22.4

GVLGAVFSGCPETFEESQQSSQQGR† 3+ 895.7452 +y7
1 790.3802 96.4 34.9

+y3
1 360.1990 96.4 34.9

* +y6
1 662.3216 96.4 34.9

TEENAFINTLAGR 2+ 718.3624 +y6
1 631.3522 83.5 36.7

+y7
1 744.4363 83.5 36.7

* +y8
1 891.5047 83.5 36.7

Prunus FVSPAYR 2+ 420.2241 +b2
1 247.1441 45.0 19.7

+y4
1 506.2722 45.0 19.7

* +y5
1 593.3042 45.0 19.7

GNLDFVQPPR† 2+ 571.8013 +y7
1 858.4468 55.0 27.0

+y4
1 497.2831 55.0 28.3

* +y3
1 369.2245 55.0 25.0

VQGQLDFVSPFRS 2+ 740.3832 +y5
1 593.3042 85.1 37.9

+y8
1 954.4680 85.1 37.9

* +y11
1 1252.6321 85.1 34.0

ALPDEVLANAYQISR† 2+ 830.4387 +y9
1 1035.5582 91.7 44.0

+y7
1 851.4370 91.7 43.1

* +y8
1 922.4741 91.7 44.0

Literature NGLHLPSYSNAPQLIYIVQGR† 3+ 780.8 +y6
1 735.7 N/A N/A

+b11
1 1154.7 N/A N/A
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experiment.
The final list of peptides of interest was entered into Skyline for

prediction of optimal transitions and collision energies although the
targeted MS/MS data was also used to decide which transitions to use.
The almond, mahaleb and apricot samples were further analysed with a
targeted SRM method on the Agilent 6490 QqQ instrument to confirm

the peptides were distinctive for almond and mahaleb. This removed a
number of peptides from the analysis since, as with the literature
peptides, they were not specific to almond or mahaleb. The sensitivity
towards the mahaleb peptides was poor and thus a third class of pep-
tides was included: ‘Prunus’. This contained peptides that were markers
of both almond and mahaleb. Given a number of the ‘Prunus’ peptides

Fig. 2. The RSD of the SPE method was assessed from the mean and standard deviation of the summed peak area of the three transitions for each peptide from n= 3 experimental
replicates of a pooled digest sample.

Fig. 3. Integrating the peak areas for the three transitions monitored for each peptide of interest. The dotted lines shows the 1000 count threshold used for determining whether the peak
was genuine although manual confirmation was also performed.
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Fig. 4. Taking the ratio of the qualifier ions to the quantifier ions gives another layer of specificity to the data as they can be characteristic of the analyte of interest. The error bars on the
mean ratio show one standard deviation. The error bars on the expected ratio show the boundaries of a 20% variation.

Fig. 5. Integrating the peak areas for the three transitions monitored for each peptide of interest. The dotted lines shows the 500 count threshold used for determining whether the peak
was genuine although manual confirmation was also performed.
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were derived from the prunin protein, they were present at high
abundance.

3.3. Method optimisation

Initial targeted SRM experiments were performed on the blank and
referred cumin samples. Although these experiments confirmed ma-
haleb was the contaminating species, they indicated further method
development would be desirable to improve the sensitivity. Although it
would have been possible to spike the blank cumin with almond or
mahaleb, at the trace levels required, it would have been difficult to
ensure the blend was homogeneous. The referred paprika sample was
deemed an appropriate material for further optimisation of the sample
preparation procedures as it was an incurred material with the con-
tamination homogeneously distributed across the sample and ELISA
results had previously suggested contamination at a level of approxi-
mately 500mg of almond per kg−1 (Nixon et al., 2016).

The initial experiments revealed the marker peptides eluted within a
narrow concentration range of the LC gradient and thus optimal se-
paration was achieved with a shallow elution gradient from 18 to 22%
ACN over 10min. As a result, the SPE elution conditions were in-
vestigated. For optimal clean-up of the marker peptides, the con-
centration of the ACN in the wash and elution solutions was in-
vestigated. A concentration of 10% (v/v) ACN, 0.1% FA was found
optimal for the wash solution and a 1.5 ml elution of 30% (v/v) ACN,
0.1% FA gave the optimal conditions for mahaleb and almond peptide
detection. The variability of this method was investigated by pooling
three replicate extraction-digestion supernatants and separating them
into three SPE load aliquots. After analysis by LC-MS, the%RSD in the
integrated peak areas was less than 10% in all instances, Fig. 2, when
investigating neat mahaleb and almond digests indicating the method
was reproducible.

To ensure the thermal cycling digestion protocol resulted in re-
producible digestion efficiency, the variability in the protocol was in-
vestigated with three replicate digestion experiments of the referred
paprika. From the mean and standard deviation of the summed peak
areas for marker peptides in the referred paprika sample, the%RSD was
calculated to be between 9 and 18%, (data not shown). This degree of
uncertainty is to be expected for a qualitative method in development
and in the absence of an internal standard.

3.4. Paprika contaminant

The referred paprika sample was subjected to the thermal cycling
digestion protocol in triplicate before sample clean-up with the opti-
mised SPE method and analysis by SRM.

A number of criteria were set for the specificity of the peptides.
Firstly, peptide retention times within 30 s of those from the neat al-
mond or mahaleb samples. Secondly, all three transitions for each
peptide present. Thirdly, after integration, peak area> 1000 counts,
with manual investigation if any of the three transitions< 1000 counts.

As a result of investigating the peak areas in the referred paprika,
Fig. 3, the lack of mahaleb peptides identified and abundance of al-
mond peptides present indicated the presence of almond. One of the
Prunus peptides (FVS…) was removed from the analysis as the peak
areas did not exceed the 1000 counts threshold. The peptides observed
were confirmed as undetected in the blank paprika (data not shown).

As a final specificity filter the mean of the ratio between each
qualifier ion and the quantifier ion for each peptide from the referred
paprika was required to be within 20% of those observed in the re-
plicate analyses of neat almond.

As a result of this ratio comparison, Fig. 4, one of the peptides
characteristic of almond (IST…) was removed from the analysis leaving
two distinctive almond peptides and three Prunus peptides observed in
the referred paprika.

3.5. Cumin contaminant

The cumin samples were subjected to the improved sample pre-
paration process. The low level of Prunus contamination meant a 40 µL
injection volume was required.

The above selectivity filter approach was applied. The retention
time criterion was satisfied for all peaks. At a peak area threshold of
500 counts (Fig. 5) all three transitions for one of the mahaleb peptides
were detected, as well as three transitions for two of the ‘Prunus’ pep-
tides however one of the Prunus peptides (GNL…) failed the ion ratio
criterion in one transition and was removed. Thus the presence of
mahaleb, rather than almond, in the referred cumin sample was con-
firmed. The weaker signal for the Prunus peptides is consistent with the
lower level of contamination in the referred cumin as compared to the
referred paprika.

4. Conclusions

The work presented describes a method for the identification of
novel marker peptides in food matrices and the development of a robust
sample preparation method for screening for marker peptides at trace
levels. The methods were applied in the identification of part per mil-
lion contaminants of spices with nuts from different, but closely related,
Prunus species. Although the protocol described is qualitative, the in-
clusion of isotopically labelled standards could facilitate quantification
of the marker peptides.
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