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The goal of this study is development and validation of a method to confirm and quantify milk allergens
in food products based on liquid chromatography-tandem multiple reactions-monitoring, mass spec-
trometry (LC-MRM/MS). Here, emphasis was placed on two whey proteins, a-lactalbumin (o-La) and -
lactoglobulin (B-Lg), plus a third, as1-casein (a51-CN), known to be the main allergenic components of
milk. Five marker peptides (one for a-La, two for f-Lg and two for a51-CN) and three quantitative marker
peptides from the digestion of standard milk proteins were identified using matrix-assisted laser
desorption/ionization with tandem time-of-flight mass spectrometry (MALDI-TOF/TOF MS). Optimiza-
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l\/;}l/l‘;vglrlesrgen tion of enzymatic hydrolysis conditions were defined as 37 °C for 16 h. The linearity ranges for the three
LC-MRM/MS allergenic proteins (a-La, p-Lg and as;-CN) were 0.97—31.25 pg/mL, 0.48—31.25 pg/mL and 0.48

—31.25 pg/mlL, respectively. The assays were validated for absolute quantification of three milk proteins
with satisfactory results, which indicates that the established mass method is suitable for the expression

Peptide fragment
Simultaneous detection

of levels in daily food.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Food allergies have become a serious public health concern,
especially within the past few years. According to a recent survey,
up to 4%—5% of the total human population in industrialized
countries suffers from a clinically-proven food allergy (Mehta,
Ramesh, Feuille, Groetch, & Wang, 2014). Cow's milk allergy
(CMA) has become a common disease in early childhood, its
prevalence ranging from 1.6% to 2.8% among children younger than
2 years of age (Monaci, Tregoat, van Hengel, & Anklam, 2006). The
most abundant milk proteins belong to the main classes of caseins
and whey accounting for 80% and 20% of the total milk proteins,
respectively (J. M. Wal, 1998). Casein (CN) represents the main
fraction of milk proteins and is subdivided into a number of families
(@, B, k). They are characterized by a central hydrophobic part and a
hydrophilic layer with phosphorylated sites and a hardly clear
tridimensional structure suggesting the presence of preferentially
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linear epitopes (J. Wal, 2001). agi-Casein (as1-CN), a major cow's
milk allergen, has nearly 70% unordered structure, with only a small
amount of secondary structure, such as o-helix or B-sheets
(Chatchatee, Jarvinen, Bardina, Beyer, & Sampson, 2001; Cocco,
Jarvinen, Sampson, & Beyer, 2003). The whey proteina-lactal-
bumin (a-La) is an important cow's milk allergen (J. M. Wal, 1998),
comprising a water-soluble monomeric globular domain primarily
a-helical in nature with some «-helix and B-sheet and a hydro-
phobic core well protected from the solvent in the interior by the
rigid packing of side chains (Acharya, Stuart, Phillips, & Scheraga,
1990). B-Lactoglobulin (B-Lg) is the major whey protein of rumi-
nant species and is also present in the milks (Kontopidis, Holt, &
Sawyer, 2004), which consists of six different short fragments of
the polypeptide chain, which are located especially in the 3 strands,
covering a flat area on the allergen surface (Niemi et al., 2007).
Several analytical approaches for the detection of food allergens
are available to-date. Mostly they target the allergenic proteins that
indicate the presence of the allergenic food ingredient (Diaz-
Amigo, 2010; Monaci, Brohée, Tregoat, & van Hengel, 2011). So
immunoassays are currently commonly used for screening

Please cite this article in press as: Ji, J., et al., Development of a liquid chromatography-tandem mass spectrometry method for simultaneous
detection of the main milk allergens, Food Control (2016), http://dx.doi.org/10.1016/j.foodcont.2016.11.030



mailto:jijianjndx@126.com
mailto:sxlzzz@jiangnan.edu.cn
www.sciencedirect.com/science/journal/09567135
http://www.elsevier.com/locate/foodcont
http://dx.doi.org/10.1016/j.foodcont.2016.11.030
http://dx.doi.org/10.1016/j.foodcont.2016.11.030
http://dx.doi.org/10.1016/j.foodcont.2016.11.030

2 J. Ji et al. / Food Control xxx (2016) 1-10

purposes because antibodies can recognize specific proteins in a
complex mixture of compounds of different nature. Some target the
DNA fragments of allergenic proteins to indirectly evaluate the
allergenic food ingredient (Sun et al., 2015). The development of
instruments and methods for accurate sequence-specific DNA
analysis is essential for the efficient use of genomic information.
Biosensors are applied in evaluation of allergenicity of food ingre-
dient, through establishing the cell-based electrochemical sensor
(Jiang et al., 2013) or cell-based fluorescence sensor (Jiang et al.,
2015) et al. The enzymatic hydrolysis is incompetent in elimina-
tion or reduction of the allergenicity of food products (Panda,
Tetteh, Pramod, & Goodman, 2015). In practice enzyme hydrolysis
has often not reduced the allergenicity of complex foods and can
result in an increase in allergenicity because of exposure of new
antigenic epitopes due to protein breakdown (Lee et al., 2007). So
the allergenic protein-based detection methods would not be
suitable for evaluation of food allergens.

Methods based on mass spectrometry (MS) have advanced
significantly in terms of sensitivity and specificity, having improved
the identification, characterization, and determination of food al-
lergens (Monaci, Pilolli, De Angelis, Godula, & Visconti, 2014;
Shefcheck & Musser, 2004). LC—MS/MS has superior characteris-
tics, improved reproducibility, recovery, sensitivity, dynamic range,
and quantification (Koeberl, Clarke, & Lopata, 2014; Weber,
Raymond, Ben-Rejeb, & Lau, 2006). In this sense, selected reac-
tion monitoring (SRM) is a highly specific quantitative methodol-
ogy based on the measurement of specific proteotypic peptide
masses (peptide precursor and precursor fragments masses) cor-
responding to the protein of interest in a triple quadrupole (QQQ)
mass spectrometer (Manes, Mann, & Nita-Lazar, 2015; Parker et al.,
2015). A proteotypic peptide is defined as a peptide that identifies a
protein uniquely; thus, this protein can be specifically quantified by
peptide measurement.

This study explored a peptide-based LC-MRM/MS method for
simultaneously sensitive determination of multi-allergens in milk
samples and milk related food samples. The mainly allergenic
protein, o-La, f-Lg and as1-CN, were treated with enzymolysis of
trypsin, before conducted with MS analysis. With optimization of
the enzymatic hydrolysis conditions and the design of peptides
design, the mass detection method was of implementation with
stability, precision and accuracy analysis. After the method verifi-
cation, the real sample test was conducted with modified mass
method.

2. Material and methods
2.1. Chemicals

Milk, cookie, cake and other samples were purchased from the
Auchan supermarket (Wuxi, Jiangsu province, China). From Sigma-
Aldrich Co. (Shanghai, China), @-lactalbumin (o-La, > 90%), -
lactoglobulin (B-Lg, > 85%) and agj-casein (as1-CN, >70%) were
purchased. The peptide fragments used (purity > 85%) were ob-
tained from Sangon Biological Technology (Shanghai, China).
Trypsase (for HPLC purification) was purchased from Promega
(USA). Dithiothreitol (DTT, for HPLC purification) and iodoaceta-
mide (IAA, also for HPLC purification) were purchased from Sigma-
Aldrich Co. (Shanghai, China).

1.5 mg/mL standard protein stock solution, composed of 9 mg
each a-La, B-Lg and as1-CN, were added to 6 mL of 25 mmol/L
NH4HCOs solution, then stored at —20 °C. Next, 0.5 mg/mL standard
protein in-process solution was prepared, which was composed of
1 mL standard protein stock solution of a-La, B-Lg and o51-CN 1 mg/
mL synthetic peptides stock solution, containing 1 mg peptides
powder, was dissolved in water/acetonitrile (95/5, v/v) solution,

sub-packaged and stored at —20 °C. Stock standard solutions of
synthetic peptides (1 mg/mL) were prepared in water/acetonitrile
(95/5, v/v) and stored at —20 °C. Working solutions were freshly
prepared by appropriate dilution of the stock solutions. 20 mM
Tris-HCl (pH = 8.2) and 25 mM ammonium bicarbonate (pH = 8.0)
were prepared with ultrapure water. Trypsin solution of 0.01 pg/uL
was prepared by 30 mM acetic acid and stored for approximately
1 month at 20 °C. Ultrafiltration was performed with Amicon ultra-
15 Centrifugal Filter Devices with a volume of 15 mL and a 3 kDa
cutoff (Merck Millipore Ltd. Ireland).

2.2. Sample preliminary treatment

For whole protein extraction from daily food samples (cookie,
cake, etc.), 2 g of each sample was diluted with 30 mL of extraction
buffer (20 mM Tris-HCI, pH = 8.2). Then the samples were vortexed
and incubated at 60 °C in a water bath for 2 h with vigorous
shaking. The mixture was centrifuged at 14,000 rcf for 25 min at
4 °C. The bottom layer was removed, and the supernatant was
centrifuged at 14,000 rcf for another 25 min. The supernatant was
ultra-filtered through a 3 kDa molecular weight cutoff filter
(MWTCO) centrifugal filter and washed 3 times with 8 mL of 25 mM
Tris-HCl (pH = 8.2). The retained concentrate was collected and the
filter washed with 20 mM Tris-HCI (pH = 8.2). The total protein
concentrations of extracted fractions were determined by
Enhanced BCA Protein Assay Kit. Proteins from milk were separated
by gel electrophoresis. Polyacrylamide gel electrophoresis (SDS-
PAGE) was performed using 12% separation gel, SDS running buffer,
following the manufacturer's instructions (Wilson, Martinez-
Villaluenga, & De Mejia, 2008).

2.3. Trypsin digestion

In gel digestion protocol: The gel bands (milk sample) were cut
into spot, washed with water for twice. The gel spot were destained
two times with 25 mM ammonium bicarbonate in 50% acetonitrile
(ACN) followed by reduction with 1 mM Dithiothreitol (DTT) in
25 mM ammonium bicarbonate at 57 °C for 1 h. The sample was
then allowed to room temperature, iodoacetamide (IAA) solution
(25 mM NH4HCOs3, 50 mM IAA) were added for alkylation at room
temperature in the dark for 30 min. The gel spot then dehydrated
with CAN, 20 pL digest solution (0.01 pg/uL, trypsin) were added at
37 °C for 1 h, the gels were extracted once with 50 pL extraction
buffer (5% TFA, 67% ACN) at 37 °C for 30 min. The peptides mixture
was stored at —20 °C for MALDI-TOF-TOF MS identification
(Cutillas, Timms, Cutillas, & Timms, 2010).

In solution digestion was performed as follows: 50 uL of the final
extract solution was transferred into a 2 mL tube and DTT (1 M in
25 mM ammonium bicarbonate) was added for protein reduction
(final concentration 10 mM). The sample was incubated at 60 °C for
30 min. The sample was then cooled to room temperature, and IAA
(1 M in 25 mM ammonium bicarbonate) were added into the
mixture for protein alkylation, and the sample was placed at room
temperature in the dark for 30 min. Trypsin digestion was done by
adding prepared trypsin (0.01 pg/uL) to each sample (1:30, trypsin/
protein ratio) and incubated for 16 h at 37 °C while mixing. Then 1%
FA was added to the mixture to stop digestion. Finally the samples
were centrifuged at 12,000 rcf for 20 min at 4 °C; the supernatant
was transferred to another micro-centrifuge tube and stored
at —20 °C before LC-MRM/MS analysis.

2.4. Identification of maker peptides by MALDI-TOF-TOF MS

Characterization of the peptides mixture was achieved using a
matrix-assisted laser desorption ionization (MALDI) mass
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spectrometer equipped with an electrospray Z spray source and a
355 nm pulsed nitrogen laser. MALDI-TOF-TOF MS (AB SCIEX, USA)
analysis was performed in the positive reflector mode with an ac-
celeration voltage of 20 kV. The spectra were obtained in the mass
ranges from 500 to 4000 m/z. Based on combined MS and MS/MS
spectra, proteins were successfully identified based on 95% or
higher confidence interval of their scores in the MASCOT V2.1
search engine (Matrix Science Ltd., London, UXK.), using the
following search parameters: Swissprot or NCBI database; taxon-
omy: Mammalia; trypsin as the digestion enzyme; two missed
cleavage site; fixed modifications of Carbamidomethyl; 50 Da for
precursor ion tolerance and 0.2 Da for fragment ion tolerance
(Sasanya, Abd-Alla, Parker, & Cannavan, 2010).

In the likely event that effect of processing such as high pressure
and temperature is found to affect allergen detection by means of
MS analysis, it is of importance to establish a link between the
presence of specific peptides and the processing history of milk.
Commercial food sample purchased from market were chosen for
analysis as they undergo treatment of high pressure and temper-
ature. After extraction and SDS-PAGE separation of proteins from
the milk samples, the gel digest were performed for the above
MALDI-TOE-TOF MS (Lendoiro et al., 2012).

2.5. Liquid chromatography-triple quadrupole mass

Quantification of the peptides were carried out by an ultra-
performance liquid chromatography system coupled with a triple
quadrupole time of flight mass spectrometer (ACQUITY UPLC/TQD,
Waters, USA). The chromatography was performed using a gradient
elution with a reversed phase column to separate the complex
biological matrix (digested proteins of food samples) from the
peptides of interest (Li, Palandra, Nemirovskiy, & Lai, 2009). The
chromatographic system consist of a BEH300 C;g analytical column,
2.1 x 100 mm, 1.7 um particle size (waters, Corp., Milford, USA) for
peptides separation and equipped with an auto sampler. The

injection volume was 1 pL. Elution was performed at a flow rate of
0.3 mL/min with: acetonitrile as eluent A and water containing 0.1%
FA as eluent B. The solvent gradient used for the analysis of the
tryptic digests was as follows: initial: 10% A, 90% B; 0.1 min: 10% A,
90.06% B; 4 min: 100% A, 0.06% B (hold for 2 min); 6.5 min:10% A,
90.06% B (Miliotis et al., 2011).

MS/MS experiments were carried out on a quadrupole-time-of-
flight mass spectrometer. The mass spectrometer was operated in
positive ion electrospray ionization with a full scanning range of
20—2000 m/z. Instrumental parameters for mass spectral acquisi-
tion were as follows: capillary voltage: 3.5 kV, cone voltage: 35V,
RF: 0.1 V, source temperature: 140 °C, desolvation temperature:
380 °C, desolvation gas flow: 800 L/h, Cone gas flow: 50 L/h,
Collision gas flow: 0.10 mL/min (Monaci, Losito, Palmisano, &
Visconti, 2011).

Marker peptides, derived from as;-CN, B-Lg and a-La and their
internal peptides (IPs) were detected specifically by monitoring
UPLC elution times and ion pairs corresponding to the precursor
and specific product ion mass/charge ratios (m/z) on a triple
quadrupole mass spectrometer operated in the positive ion MRM
mode (Ansari, Stoppacher, Rudolf, Schuhmacher, & Baumgartner,
2011; Kamiie et al., 2008). Transitions, cone voltage and collision
energy were manually optimized by direct infusion of each marker
peptide and their IPs (2 pg/mL in 30% acetonitrile in water). Two
transitions per peptide were monitored simultaneously for quan-
titative and qualitative analysis of as1-CN, B-Lg and a-La. Data
acquisition and integration of the peak areas of the MRM signal for
marker peptides derived from as1-CN, B-Lg and o-La their IPs were
processed with Masslynx software version 4.1 (waters, Corp., Mil-
ford, USA).

2.6. Preparation of calibration curves and QCs

To develop a quantitative method using non-isotopic IS, it is
important to prepare a blank control containing no targeted

B-lactoglobulin

LIVTQTMKGL DIQKVAGTWY SLAMAASDIS LLDAQSAPLR VYVEELKPTP | 50
LIVTIQTMKGL DIQKVAGTWY SLAMAASDIS LLDAQSAPLR VYVEELKPTP | 50
EGDLEILLQK ~ WENDECAQKK IILAEKTKIPA  VFKIDALNEN KVLVLDTDYK | 100
EGDLEILLQK  WENDECAQKK IILAEKTKIPA  VFKIDALNEN KVLVLDTDYK | 100
EYLLFCMENS AEPEQSLVCQ CLVRTPEVDD EALEKFDKAL KALPMHIRLS | 150
EYLLFCMENS AEPEQSLVCQ CLVRTPEVDD EALEKFDKAL KALPMHIRLS | 150
FNPTQLEEQC  HI Bovine B-LgA 162
FNPTQLEEQC  HI Bovine B-Lg B 162
a-lactalbumin

EQLTKCEVFR  ELKDLKGYGG ~VSLPEWVCTT ~ FHTSGYDTQA IVQNNDSTEY | gq
GLFQINNKEW ~CKDDQNPHSS NICNISCDKF  LDDDLIDDIM CVKKILDKVG | 100
INYWLAHKAL CSEKLDQWLC KEL 123
g-slcasein

RPKHPIKHQG LPQEVINENL LRFFVAPFPE VFGKEKVNEL SKDIGSESTE 50
DQAMEDIKQM  EAESISSSEE IVPNSVEQKH  IQKEDVPSER YLGYLEQLLR | 100
LKKYKVPQLE IVPNSAEERL  HSMKEGIHAQ QKEPMIGVNQ ELAYFYPELF | 150
RQFYQIDAYP  SGAWYYVPLG  TAYTDAPSFS DIPNPIGSEN  SEKTTMPLW 199

Fig. 1. Amino acid sequence of a-La, B-Lg and as1-CN, and peptides identified by MALDI-TOF are highlighted in bold, underlined residues overlap with known IgE epitopes.
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Table 1
The selected peptide sequence of the three protein.
Protein Calc. mass Obsrv. mass +ppm Peptide sequence Start-end
t1-CN 1267.7045 1267.7233 15 YLGYLEQLLR 106-115
1384.73 1384.748 13 FEVAPFPEVEGK 38-49
1759.9449 1759.9652 12 HQGLPQEVLNENLLR 23-37
1871.9861 1872.0027 9 YKVPQLEIVPNSAEER 119-134
1336.6270 1336.6735 —4 HIQKEDVPSER 95-105
2235.2356 2235.2500 6 HPIKHQGLPQEVLNENLLR 19-37
2332.1318 2332.1384 2 EPMIGVNQELAYFYPELFR 148166
3207.593 3207.585 -2 EGIHAQQKEPMIGVNQELAYFYPELFR 140-166
B-Lg 932.5365 932.5216 -7 LIVTQTMK 1-8
1586.9066 1586.9325 3 LIVTQTMKGLDIQK 1-14
2707.376 2707.2468 10 VAGTWYSLAMAASDISLLDAQSAPLR 15-40
1634.7721 1634.7675 4 TPEVDDEALEKFDK 125-138
2818.2666 2818.123 -51 YLLFCMENSAEPEQSLACQCLVR 152-174
o-la 1200.6525 1200.6412 -9 VGINYWLAHK 99-108
1204.6031 1204.6238 17 LDQWLCEKL 115-123
1715.7504 1715.7336 -10 FLDDDLTDDIMCVK 80-93
2003.8182 2003.8193 1 DDQNPHSSNICNISCDK 63-79
with the required amount of standard as1-CN, B-Lg and a-La from
M 1 2 3 4 5 bovine milk. Then a mixed stock solution (500 pg/mL each protein)
97.2 for calibration curve was prepared by mixing 200 puL standard so-
7. oy lutions (1.5 mg/mL) together. For the determination of the con-
66.4 == centration of as;-CN, B-Lg, a-La in the food samples, the LC-MS/MS
44.3 method in MRM mode was calibrated by analyzing 12 levels of
mixture: 0.1, 0.5, 1, 5, 15, 20, 25, 30, 35, 40, 50 and 100 pug/mL. The
29.0 o — . — } < CN quality control samples (QCs) were prepared by mixing the blank
20.1 — B-Lg matrix with standard proteins at 3 concentration levels: 1, 25 and
14.3 = o Ll?l 50 pg/mL. The concentration of IPs: YLGYIDQLLR, TPEVDDEAALEK,
. b o «

Fig. 2. SDS-PAGE profiles of milk allergens in milk and milk products, 1: modulation
whole milk; 2: UHT milk; 3: milk cookies; 4: pasteurized milk; 5: milk power; M:
protein marker (14.3—97.2 kDa).

proteins. For this purpose, the extracted wheat protein fraction was
used as the blank matrix to prepare standard solutions (os1-CN, -
Lg and a-La) for calibration curve and quality control samples (QCs).
500 pL of three standard solutions (1.5 mg/mL for as1-CN, B-Lg, and
a-La, respectively) was prepared by mixing wheat protein fraction

Table 2

VGINNYWLAHK were optimized to ensure appropriate mass signal
response to the target peptide of a41-CN, B-Lg, @-La. On each day of
analysis, calibration curves and QC samples mixed with the stable
internal peptides (final concentration: 1.5 ug/mL) were freshly
prepared as mentioned above.

3. Results and discussion
3.1. Selection of specific peptide for allergen protein

After enzymolysis of a-La, B-Lg and as;-CN with standard pro-
tease, characterization of the peptide fragments was conducted
using MALDI-TOF/TOF MS. Amino acid sequences from three kinds
of milk allergen proteins appear in Fig. 1, which illustrates that the

Q1/Q3 transitions of 8 target peptides and Inter standard selected for the MRM experiments.

Protein name Retention time (min) Peptides sequence

Precursor ions (Q1)

Product ions (Q3) Cone voltage (V) Collision energy (eV)

B-Lg 1.98 LIVTQTMK 467.5
1.84 TPEVDDEALEK 623.8
1.84 TPEVDDEAALEK 659.3
a-La 2.23 VGINYWLAHK 601.1
221 VGINNYWLAHK 658.2
as1-CN 223 HQGLPQEVINENLLR 587.6
2.67 YLGYLEQLLR 634.6
2.60 YLGYIDQLLR 627.8

199.20 25.0 19.0
227202 25.0 15.0
199.20 ¥4 35.0 35.0
1048.20 35.0 30.0
199.20 40.0 30.0
608.40 ¥/ 40.0 25.0
9315 37.0 25.0
654.4 /9 37.0 25.0
9315 37.0 28.0
284.3 34 37.0 27.0
436.30 2 25.0 20.0
758.20 25.0 20.0
249.20 ¥4 30.0 25.0
991.30 30.0 25.0
758.00 /4 35.0 26.0
978.00 35.0 26.0

a, selected “label candidate peptides” for further MS detection.
q, selected “label candidate peptides” for quantification of allergen protein.
Sequence with underline for known allergen protein epitopes.
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Fig. 3. (a) MS/MS spectra of QDPs and IPs, highlights the product ions selected for MRM and (b) extracted MRM ion chromatogram of the marker peptides and internal peptides of

allergenic protein a-La.

coverage rates of characterized peptide sequences were approxi-
mately 37% for a-La, 45% for B-Lg and 46% for as1-CN. In total, 17
peptide sequences were identified, including four peptide se-
quences from a-La, five peptide sequences from B-Lg and eight
peptide sequences from as1-CN. The identified peptide sequences
partly included published allergen epitopes, which represent sig-
nificant allergen protein detection (Ansari et al., 2011). If the spe-
cific peptide sequences detected by LC-MRM/MR are allergen
epitopes, the analysis results might be used evaluate food allerge-
nicity. To establish a stable MRM quantitative detection method,
the specific peptides selected from the identified enzymatic hy-
drolysis peptides must have excellent stability and sensitivity as
characteristic peptides. Those peptides of greater abundance were
selected as “label candidate peptides” for further specificity anal-
ysis. For specificity analysis of “label candidate peptides,” the pro-
tein blast tool from the NCBI database (NCBI, 2014) (http://blast.
ncbi.nlm.nih.gov) was applied, based on the principle that the
selected “label candidate peptides” are unique to the corresponding
protein, and do not exist in other proteins. The selected “label
candidate peptides” are VGINYWLAHK (a-La), LIVTQTMK (B-Lg),

YLGYLEQLLR (a51-CN), in Table 1. As inter-species homologues, the
selected label candidate peptides are also present in corresponding
proteins of non-human species, mainly ruminants. However, we
found no effect from species non-specificity on the detection re-
sults. Considering that protein structure can be affected by food
processing, allergenic milk proteins extracted from milk and biscuit
sample were separated by SDS-PAGE, Fig. 2. Throughout collection,
enzymatic hydrolysis, and peptide sequence analyses, the selected
label candidate peptides illustrated excellent stability.

3.2. Optimization of MRM conditions

To define optimal MRM conditions, synthetic peptide standard
solutions were directly injected into the mass spectrometer. First,
the precursor ions of peptide fragments were confirmed under
optimized cone voltage, then collision energy parameters were
optimized for further MS/MS analysis of peptides (Hammad, Saleh,
Novotny, & Mechref, 2009). Two stable and sensitive characteristic
ions were selected from the product ions fragmentation to establish
MRM-detecting ions. Under the optimized MRM conditions, these

TPEVDDEALEK  (B-Lg) and HQGLPQEVINENLIR  (a51-CN),  peptides were detected for qualification and quantification of
(a) (b)

o - -0 HvTame 6000467.5 > 199.2
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allergenic protein ¢,5;-CN.

allergen proteins. Table 2 describes the optimized experimental
parameters. Although retention times of some peptide sequences
were arrived at by superposition, their molecular weights were
diverse, above 20 Da, and do not generate interference under MS

detection.
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In order to minimize the matrix effect on the LC-MRM
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Table 3
The quantification equation, LOD and LOQ of the three proteins.
Protein name QDPs and IPs Linear range Quantification equation LOD (S/N > 10) pug/mL LOQ (S/N > 10) pg/mL R? value
B-Lg TPEVDDEALEK 0.48-31.25 y = 0.213x — 0.0345 0.20 0.48 0.9983
TPEVDDEAALEK
o-La VGINYWLAHK 0.97-31.25 y = 0.142x — 0.266 0.39 0.97 0.9921
VGINNYWLAHK
0s1-CN YLGYLEQLLR 0.48—-31.25 y = 0.1965x + 0.1378 0.20 0.48 0.9934
Table 4

Comparison with other published allergen detection methods.

Methods Targets Linear range LOD (S/N > 10) LOQ (S/N > 10) Ref.
pg/mL pg/mL pg/mL
Peptide-based LC-MRM/MS B-Lg, as1-CN peptides 0.97—31.25 0.20 0.48 This work
Electrochemical immunosensor Casein protein 0.1-10 0.05 - Cao et al,, 2011)
ELISA Caseins protein 1.6-25.6 1 - Monaci, Brohée, et al., 2011)

LC-MS/MS Lactalbumin protein 5—40
Peptide-based LC-MRM/MS as1-CN peptides -
DNA sensor Ara h1 gene 391 x 10717-1.25 x 10~"> mol/L

10 Heick, Fischer, & Popping, 2011)

(
(
1 4 (Monaci & van Hengel, 2008)
- (
1.3 x 1077 mol/L — (Sun et al., 2015)

were the two main strategies applied here. Label-free quantita-
tive detection was conducted by replacing amino acids to design
internal peptides, whose detection results possessed precision
similar to isotope-labeled quantitative detection (Tang et al.,
2013). The respective quantitative marker peptides (QMPs) for
B-Lg (Fig. 3), a-La (Fig. 4) and as;-CN (Fig. 5) proteins are
TPEVDDEALEK (623.8/199.2, 623.8/1048.2), VGINYWLAHK
(601.1/931.5, 601.1/654.4) and YLGYLEQLLR (634.6/249.2, 634.6/
991.3). Referring to the published literature (Chen, Chen, &
Hsieh, 2015; Nongonierma & Fitzgerald, 2015), we obtained
respective IPs for the three mentioned proteins thus: TPEVD-
DEAALEK (659.3/199.2, 659.3/608.4), VGINNYWLAHK (658.2/
931.5, 658.2/284.3) and YLGYIDQLLR (627.8/758.0, 627.8/978.0).
To evaluate the specificity of the designed IPs, BLAST was
exploited. IPs used to deduce the matrix effect on experimental
error need to be equipped with properties similar to the inten-
ded analyte. The behaviors of QMPs and IPs under chromatog-
raphy and mass spectrometry were studied, which illustrate that
the QMPs and IPs behave similarly under chromatography and
mass spectrometry, including ion fracture mode and retention
time. As well, the retention times of the three IPs did not create
interference, which indicates that the three IPs are suitable for
further quantification detection (Ansari, Stoppacher, &
Baumgartner, 2012).

3.4. Optimization of enzymatic hydrolysis conditions

Digestion efficient using trypsin is crucial in LC-MRM/MS
method for absolute quantification of protein in biological
matrices. Generally, the inefficient tryptic digestion could result in
inaccurate quantification, when LC-MRM/MS is used to detect the
peptides as the alternative of target protein. In our work purified a-
casein were used as calibration standards to confirm the complete
digestion. To achieve the optimum digestion of a-casein of interest,
digestion of the purified a-casein were investigated at the presence
of blank matrix at a series weight ratio of trypsin to protein (1:10,
1:20, 1:40, 1:60 1:80 and 1:100) for 15 h at 37 °C, followed by LC-
MRM/MS analyses. Fig. 6(a) demonstrated that the optimal
weight ratio of trypsin to protein for efficient digestion of a-casein
(an example) in blank matrix is ~1:20. Sample a-La, B-Lg and a51;-CN
mixtures of approximately 30 ug/mL each were subjected to trypsin

enzymatic hydrolysis in series for 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22
and 24 h. By analyzing the abundance of the three peptides, VGI-
NYWLAHK, TPEVDDEALEK and YLGYLEQLLR, the degrees of enzy-
matic hydrolysis of o-La, B-Lg and as-CN proteins were
characterized. Fig. 6(b—d) illustrates that the optimal enzymolysis
time for VGINYWLAHK, TPEVDDEALEK is 16 h, at which point a-La,
B-Lg completely enzymolyzed. Due to differences in protein struc-
ture, it takes approximately 12 h to complete enzymolysis of a51-CN
protein. With comprehensive consideration, the optimal enzymatic
hydrolysis conditions are 37 °C, for 16 h.

3.5. Accuracy analysis

The specific MRM transitions based on the chromatographic
retention time and MS spectrum were used to detect and
quantify target protein by LC-MRM/MS. Using the optimized
MRM acquisition parameters and the previously optimized digest
condition, calibration curve for quantitation was carried out by
standard protein in blank matrix. For each peptide analyzed by
LC-MRM/MS, the peak area was normalized to that of the in-
ternal standard peptide. Eight-point calibration curve (analyte-
to-IPs peak area ratio to concentration) was conducted by linear
regression analysis with 1/x> (x = analyte concentration)

Table 5
Intra-day and Inter-day precision and accuracy validation.

Days Protein name Concentration of quality samples (pg/mL)

1+0.05 20+0.1 40 + 0.1

RE% RSD% RE% RSD% RE% RSD%

1(n=3) B-Lg 089 448 733 186 767 1022
a-la ~211 289 -264 363 14 536
051-CN 101 356 371 338 327 184
2(n=3) B-Lg 311 728 073 674 512 443
o-la 478 398 56 291 -04 37
051-CN 278 524 204 417 395 321
3(n=3) B-Lg 115 742 651 669 -164 727
o-la 622 950 373 398 474 499
051-CN ~033 442 082 053 498 1111
Totally (n=9) B-Lg 0.7 206 47 453 043 778
o-la 206 432 222 422 191 256
t51-CN 481 201 829 285 473 186
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Fig. 7. The real sample test. The LC-MRM/MS of (a) soda biscuits and (b) chocolate chip cookies.

weighting over a calibration range of 0.49—50 ug/mL, Fig. S1. The
calibration curve calculation was displayed in Table 3, and the
comparison between the published allergen detection methods
and the established LC-MRM/MS method is shown in Table 4.
Three samples from each group, at high, medium and low con-
centration, were enzymolyzed and subjected to MRM detection
to evaluate the intra-day and inter-day accuracy over three days.
Protein concentration was calculated with a freshly-prepared
standard curve, as shown in Table 5. Results indicate that the
intra-day and inter-day precision values for quality control
samples at three different concentrations were below 20%.

3.6. The real sample test

To detect allergenic proteins from milk, biscuit and other food,

Table 6

samples were purchased from a local supermarket named Auchan,
Wouxi, Jiangsu province, China. After the pretreatment process
mentioned above, the sample solution was diluted for
chromatography-mass spectrometry analysis. Fig. 7 depicts the
extracted total ion chromatograms and QMPs and IPs chromato-
grams for soda biscuits and chocolate chip cookies. As observed
from said figure, despite abundant impurities in the real samples,
the MRM detection mode was able to remove interference by im-
purity ions through the ion selection process. Table 6 shows the
allergenic protein detection results of food samples through QMP
concentration detection. No target peptides were generated in the
ion channel of wheat flour extract, which was selected as a blank
matrix. The value of allergenic protein/extracted total protein was
calculated to describe the allergenic protein content. The detection
results for the three target allergenic proteins of food samples

Concentrations of a-La, B-Lg and as1-CN (ug/g total protein) detected in real food samples.

Food names Detected o-La expression Content of a-La  Detected B-Lg expression Content of B-Lg  Detected as1-CN expression  Content of as1-CN
levels (nglg) levels (ng/g) levels (ng/g)
(Mean =+ SD pg/mL) (Mean + SD pg/mL) (Mean =+ SD pg/mL)
601.1 > 931.5 601.1 > 654.4 623.8 > 119.2 623.8 > 1048.2 634.60 > 249.2 634.60 > 249.2
Milk power 359+021 512+037 3.46+031 28.66 + 0.34 10.07 £+ 091 7532 +0.48 2477 +0.17 11.09 + 1.07  247.92 + 30.65
Chocolate chip 244 +0.16 3.76 +0.54 2.54 + 0.29 18.44 +0.11 6.72 + 0.44 48.46 + 0.27 NP NP ND
cookies
Soda biscuits NP NP ND 2237 +£0.19 7.14 +0.64 58.79 + 0.51 NP NP ND
Stuffing of yolk  <0.97 <0.97 ND <0.48 <0.48 ND <0.48 <0.48 ND
pie
Surface of yolk pie NP NP ND NP NP ND NP NP ND
Patisseries <0.97 <0.97 ND 2.56—-14.78 <0.48 ND <048 <0.48 ND
Waffles <0.97 <0.97 ND <0.48 <0.48 ND <0.48 <0.48 ND
Peanut jam NP NP ND NP NP ND NP NP ND
Wheat meal NP NP ND NP NP ND NP NP ND

NP: No Peaks, under the LOD.
ND: Not detective, under the LOQ.
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coincide with the label components, which confirms that the
developed LC-MRM/MS-based method can be applied to confirm
and quantify milk allergens in food products.

4. Conclusion

An LC-MRM/MS-based method was developed and validated to
confirm and quantify three main milk allergens in food products: a-
lactalbumin (a-La), B-lactoglobulin (B-Lg) and as1-casein (a51-CN).
After optimization of enzymatic hydrolysis conditions, the three
milk allergen proteins were analyzed using MALDI-TOF/TOF MS.
After confirmation of precursor ions and product ions, cone voltage
and collision energy, the optimized MRM parameters for the
selected peptides to detect a-La and B-Lg and as;-CN were deter-
mined. The assays were validated for absolute quantification of
three milk proteins with satisfactory results, which indicated that
the established mass method could be applied to the expression of
levels in daily food.

Notes
The authors declare no competing financial interest.
Acknowledgments

This study was funded by the National Science research Program
during the (No. 31271831, No. 2012BAD12B08), the Science and
Technology Commission of Shanghai Municipality (No.
16DZ2280600), Special Fund for Food in the Public Interest (No.
201513006), the National Research Program (No. 31371768), and
the Program for New Century Excellent Talents in Jiangnan Uni-
versity (No. NCET-12-0877), Qinglan Project, the Industry Devel-
opment Program (No. 1026010241140870-39) in Collaborative
Innovation Center for Food safety and quality control of Jiangsu
province, and the Priority Academic Program Development of
Jiangsu Higher Education Institutions.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.foodcont.2016.11.030.

References

Acharya, K. R,, Stuart, D. I, Phillips, D. C., & Scheraga, H. A. (1990). A critical eval-
uation of the predicted and X-ray structures of a-lactalbumin. Journal of protein
chemistry, 9(5), 549—563.

Ansari, P, Stoppacher, N., & Baumgartner, S. (2012). Marker peptide selection for the
determination of hazelnut by LC—MS/MS and occurrence in other nuts.
Analytical and Bioanalytical Chemistry, 402(8), 2607—2615.

Ansari, P, Stoppacher, N., Rudolf, J., Schuhmacher, R., & Baumgartner, S. (2011).
Selection of possible marker peptides for the detection of major ruminant milk
proteins in food by liquid chromatography-tandem mass spectrometry.
Analytical and bioanalytical chemistry, 399(3), 1105—1115.

Cao, Q., Zhao, H,, Yang, Y., He, Y., Ding, N., Wang, J., et al. (2011). Electrochemical
immunosensor for casein based on gold nanoparticles and poly (I-Arginine)/
multi-walled carbon nanotubes composite film functionalized interface. Bio-
sensors and Bioelectronics, 26(8), 3469—3474.

Chatchatee, P, Jarvinen, K.-M., Bardina, L., Beyer, K., & Sampson, H. A. (2001).
Identification of IgE-and IgG-binding epitopes on « s1-casein: Differences in
patients with persistent and transient cow's milk allergy. Journal of Allergy and
Clinical Immunology, 107(2), 379—383.

Chen, C.-C,, Chen, S.-T., & Hsieh, J.-F. (2015). Proteomic analysis of polysaccharide-
milk protein interactions induced by chitosan. Molecules, 20(5), 7737—7749.

Cocco, R. R, Jarvinen, K.-M., Sampson, H. A., & Beyer, K. (2003). Mutational analysis
of major, sequential IgE-binding epitopes in o s1-casein, a major cow's milk
allergen. Journal of Allergy and Clinical Immunology, 112(2), 433—437.

Cutillas, P. R., Timms, J. F, Cutillas, P. R,, & Timms, J. F. (2010). LC-MS/MS in prote-
omics: Methods and applications.

Diaz-Amigo, C. (2010). Towards a comprehensive validation of ELISA kits for food
allergens: Case 1—egg. Food Analytical Methods, 3(4), 344—350.

Hammad, L. A, Saleh, M. M., Novotny, M. V., & Mechref, Y. (2009). Multiple-reaction
monitoring liquid chromatography mass spectrometry for monosaccharide
compositional analysis of glycoproteins. Journal of the American Society for Mass
Spectrometry, 20(6), 1224—1234.

Heick, J., Fischer, M., & P6pping, B. (2011). First screening method for the simulta-
neous detection of seven allergens by liquid chromatography mass spectrom-
etry. Journal of Chromatography A, 1218(7), 938—943.

Jiang, D., Ji, J., Sun, X, Zhang, Y., Zhang, G., & Tang, L. (2013). Mast cell-based
electrochemical biosensor for quantification of the major shrimp allergen Pen
a 1 (tropomyosin). Biosensors and Bioelectronics, 50, 150—156.

Jiang, D., Zhu, P, Jiang, H., Ji, J., Sun, X,, Gu, W.,, et al. (2015). Fluorescent magnetic
bead-based mast cell biosensor for electrochemical detection of allergens in
foodstuffs. Biosensors and Bioelectronics, 70, 482—490.

Kamiie, J., Ohtsuki, S., Iwase, R., Ohmine, K., Katsukura, Y., Yanai, K., et al. (2008).
Quantitative atlas of membrane transporter proteins: Development and appli-
cation of a highly sensitive simultaneous LC/MS/MS method combined with
novel in-silico peptide selection criteria. Pharmaceutical Research, 25(6),
1469—-1483.

Koeberl, M., Clarke, D., & Lopata, A. L. (2014). Next generation of food allergen
quantification using mass spectrometric systems. Journal of Proteome Research,
13(8), 3499—-3509.

Kontopidis, G., Holt, C., & Sawyer, L. (2004). Invited review: p-lactoglobulin: Binding
properties, structure, and function. Journal of Dairy Science, 87(4), 785—796.
Lee, H. W,, Keum, E. H,, Lee, S. ], Sung, D. E., Chung, D. H,, Lee, S. I, et al. (2007).
Allergenicity of proteolytic hydrolysates of the soybean 11S globulin. Journal of

Food Science, 72(3), C168—C172.

Lendoiro, E., Quintela, O. de Castro, A, Cruz, A, Lépez-Rivadulla, M., &
Concheiro, M. (2012). Target screening and confirmation of 35 licit and illicit
drugs and metabolites in hair by LC—MSMS. Forensic Science International,
217(1), 207-215.

Li, N., Palandra, J., Nemirovskiy, O. V., & Lai, Y. (2009). LC— MS/MS mediated ab-
solute quantification and comparison of bile salt export pump and breast cancer
resistance protein in livers and hepatocytes across species. Analytical Chemistry,
81(6), 2251-2259.

Manes, N. P, Mann, J. M., & Nita-Lazar, A. (2015). Selected reaction monitoring mass
spectrometry for absolute protein quantification. JoVE (Journal of Visualized
Experiments), 102, e52959.

Mehta, H., Ramesh, M., Feuille, E., Groetch, M., & Wang, J. (2014). Growth com-
parison in children with and without food allergies in 2 different demographic
populations. The Journal of Pediatrics, 165(4), 842—848.

Miliotis, T., Ali, L., Palm, ]. E., Lundqvist, A. ]J., Ahnoff, M., Andersson, T. B., et al.
(2011). Development of a highly sensitive method using liquid
chromatography-multiple reaction monitoring to quantify membrane P-glyco-
protein in biological matrices and relationship to transport function. Drug
Metabolism and Disposition, 39(12), 2440—2449.

Monaci, L., Brohée, M., Tregoat, V., & van Hengel, A. (2011). Influence of baking time
and matrix effects on the detection of milk allergens in cookie model food
system by ELISA. Food Chemistry, 127(2), 669—675.

Monaci, L., Losito, 1., Palmisano, F.,, & Visconti, A. (2011). Reliable detection of milk
allergens in food using a high-resolution, stand-alone mass spectrometer.
Journal of AOAC International, 94(4), 1034.

Monaci, L., Pilolli, R., De Angelis, E., Godula, M., & Visconti, A. (2014). Multi-allergen
detection in food by micro high-performance liquid chromatography coupled to
a dual cell linear ion trap mass spectrometry. Journal of Chromatography A, 1358,
136—144.

Monaci, L., Tregoat, V., van Hengel, A. ]., & Anklam, E. (2006). Milk allergens, their
characteristics and their detection in food: A review. European Food Research
and Technology, 223(2), 149—179.

Monaci, L., & van Hengel, A. J. (2008). Development of a method for the quantifi-
cation of whey allergen traces in mixed-fruit juices based on liquid chroma-
tography with mass spectrometric detection. Journal of Chromatography A,
1192(1), 113—120.

NCBI, R. C. (2014). Database resources of the national center for biotechnology in-
formation. Nucleic Acids Research, 42, D7 (Database issue).

Niemi, M., Jylhd, S. Laukkanen, M.-L, Soderlund, H., Makinen-Kiljunen, S.,
Kallio, J. M., et al. (2007). Molecular interactions between a recombinant IgE
antibody and the B-lactoglobulin allergen. Structure, 15(11), 1413—1421.

Nongonierma, A. B., & Fitzgerald, R. J. (2015). Milk proteins as a source of
tryptophan-containing bioactive peptides. Food & Function, 6(7), 2115—2127.

Panda, R, Tetteh, A. O., Pramod, S. N., & Goodman, R. E. (2015). Enzymatic hydrolysis
does not reduce the biological reactivity of soybean proteins for all allergic
subjects. Journal of Agricultural and Food Chemistry.

Parker, C. H., Khuda, S. E., Pereira, M., Ross, M. M., Fu, T.-]., Fan, X,, et al. (2015).
Multi-allergen quantitation and the impact of thermal treatment in industry-
processed baked goods by ELISA and liquid chromatography-tandem mass
spectrometry. Journal of Agricultural and Food Chemistry, 63(49), 10669—10680.

Sasanya, J., Abd-Alla, A., Parker, A., & Cannavan, A. (2010). Analysis of the antiviral
drugs acyclovir and valacyclovir-hydrochloride in tsetse flies (Glossina pallid-
ipes) using LC—-MSMS. Journal of Chromatography B, 878(26), 2384—2390.

Shefcheck, K. J., & Musser, S. M. (2004). Confirmation of the allergenic peanut
protein, Ara h 1, in a model food matrix using liquid chromatography/tandem
mass spectrometry (LC/MS/MS). Journal of Agricultural and Food Chemistry,
52(10), 2785—-2790.

Sun, X, Jia, M., Ji, J., Guan, L., Zhang, Y., Tang, L., et al. (2015). Enzymatic amplifi-
cation detection of peanut allergen Ara h1 using a stem-loop DNA biosensor

Please cite this article in press as: Ji, J., et al., Development of a liquid chromatography-tandem mass spectrometry method for simultaneous
detection of the main milk allergens, Food Control (2016), http://dx.doi.org/10.1016/j.foodcont.2016.11.030



http://dx.doi.org/10.1016/j.foodcont.2016.11.030
http://dx.doi.org/10.1016/j.foodcont.2016.11.030
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref1
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref1
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref1
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref1
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref2
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref2
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref2
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref2
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref2
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref3
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref3
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref3
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref3
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref3
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref4
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref4
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref4
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref4
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref4
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref5
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref5
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref5
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref5
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref5
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref5
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref6
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref6
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref6
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref7
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref7
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref7
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref7
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref7
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref8
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref8
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref9
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref9
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref9
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref9
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref10
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref10
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref10
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref10
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref10
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref11
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref11
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref11
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref11
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref11
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref12
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref12
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref12
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref12
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref13
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref13
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref13
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref13
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref14
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref14
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref14
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref14
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref14
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref14
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref15
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref15
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref15
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref15
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref16
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref16
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref16
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref17
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref17
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref17
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref17
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref18
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref19
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref19
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref19
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref19
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref19
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref19
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref20
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref20
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref20
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref21
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref21
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref21
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref21
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref22
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref22
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref22
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref22
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref22
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref22
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref23
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref23
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref23
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref23
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref23
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref24
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref24
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref24
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref25
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref25
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref25
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref25
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref25
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref26
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref26
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref26
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref26
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref27
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref27
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref27
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref27
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref27
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref28
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref28
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref29
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref30
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref30
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref30
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref30
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref31
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref31
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref31
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref32
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref32
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref32
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref32
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref32
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref33
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref33
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref33
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref33
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref33
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref34
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref34
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref34
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref34
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref34
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref35
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref35

ARTICLE IN PRESS

10 J. Ji et al. / Food Control xxx (2016) 1-10
modified with a chitosan-mutiwalled carbon nanotube nanocomposite and Weber, D., Raymond, P., Ben-Rejeb, S., & Lau, B. (2006). Development of a liquid
spongy gold film. Talanta, 131, 521-527. chromatography-tandem mass spectrometry method using capillary liquid
Tang, Z., Wu, M,, Li, Y., Zheng, X,, Liu, H., Cheng, X,, et al. (2013). Absolute quanti- chromatography and nanoelectrospray ionization-quadrupole time-of-flight
fication of NAD (P) H: Quinone oxidoreductase 1 in human tumor cell lines and hybrid mass spectrometer for the detection of milk allergens. Journal of Agri-
tissues by liquid chromatography—mass spectrometry/mass spectrometry us- cultural and Food Chemistry, 54(5), 1604—1610.
ing both isotopic and non-isotopic internal standards. Analytica chimica acta, Wilson, S., Martinez-Villaluenga, C., & De Mejia, E. (2008). Purification, thermal
772, 59-67. stability, and antigenicity of the immunodominant soybean allergen P34 in soy
Wal, J. M. (1998). Cow's milk allergens. Allergy, 53(11), 1013—1022. cultivars, ingredients, and products. Journal of Food Science, 73(6), T106—T114.

Wal, J. (2001). Structure and function of milk allergens. Allergy, 56(s67), 35—38.



http://refhub.elsevier.com/S0956-7135(16)30658-2/sref35
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref35
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref35
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref36
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref37
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref37
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref38
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref38
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref39
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref39
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref39
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref39
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref39
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref39
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref40
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref40
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref40
http://refhub.elsevier.com/S0956-7135(16)30658-2/sref40

10

11

12

13

14

15

16

17

18

19

20

21

22
23

Supplementary Data

Development of a Liquid Chromatography-Tandem Mass
Spectrometry Method for Simultaneous Detection of the Main Milk

Allergens

Jian Jit, Pei Zhu?, Fuwei Pit, Chao Sun®, Jiadi Sun', Min Jia', Yinzhi Zhang®, Xiulan

Sun*

!State Key Laboratory of Food Science and Technology, School of Food Science,
School of Food Science Synergetic Innovation Center of Food Safety and Nutrition,
Jiangnan University. Wuxi, Jiangsu 214122, China

’State Key Laboratory of Dairy Biotechnology, Dairy Research Institute, Bright Dairy

& Food Co., Ltd., Shanghai 200436, PR China

First author: Jian Ji (E-mail: jijianjndx@126.com)

* Corresponding author: Xiulan Sun (E-mail: sxlzzz@jiangnan.edu.cn)



24

25

26
27

Figuresand Tables:
Figure S1. The quantification equation of the three protein
Table S1 Results of Stability Tests
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Table S1 Results of Stability Tests

- Automatic sampler Enzymolysis
Protein Name Sho;?fg?j;"ﬂ' 'y Stability Stability
4°Cfor24h 37°Cfor16h
B-Lg 91.13-96.08 97.4-102.5 87.0-105.9
o-La 86.9-100.5 101.2-112.3 91.0-98.3
0x-CN 92.4-109.7 103.4-118.9 94.7-110.4
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