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Development and Validation of a Method for the
Quantification of Milk Proteins in Food Products Based on
Liquid Chromatography with Mass Spectrometric Detection
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Nestlé¢ Research Centre, Quality and Safety Department, Vers-chez-les-Blanc, PO Box 44, 1000 Lausannce 26, Switzerland

The protection of allergic consumers is crucial
to the food industry, Therefore, accurate
methods for the detection of food allergens
are reguired. Targeted detection of selected
molecules by M3 combines high selectlvity
with accurate quantification. A confirmatory
method based on LC/selected reaction
monitoring (SRM)-MS/MS was established and
validated for the quantification of milk traces
in food, Tryptic peptides of the major milk
proteins R-lactoglobulin, B-casein, aS2-casein,
and k-casein were selected as quantitative
markers, Precise quantification was achieved
using internal standard peptides containing
isotopically labeled amino acids. For each
peptide, qualifier and quantifier fragments
were selected according to Commission
Decision 2002/657/EC. A simple sample
preparation method was established without
immunoaffinity or SPE enrichmment steps for
food matrixes ¢ontaining different amounts of
protein, such as baby food, breakfast cereals,
infant formula, and cereals. Intermediate
reproducibility, repeatability, accuracy, and
measurement uncertainty were determined
for each matrix. LOD values of 0.2-0.5 mg/kg,
e.q., for B-lactoglobulin, were comparable to
those obtained with ELISA kits, An LOQ of
approximately 5 mg/kg, expressed as mass
fraction skim milk powder, was validated

in protein-rich infant cereals. The obtained
validation data show that the described
LC/SRM-MS/MS approach can serve as a
confirmatory method for the determination

of milk traces in selected food matrixes.

ow’s milk 18 one of the most comumon causes
of allergic reactions in the early years of life.

Approximately 2.5% of infants show adverse
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reactions, ranging from mild to severe, to cow’s milk
(1-3). Cow’s mulk contains approximately 3.5% protein,
which is vsually divided into the casein fraction that
represents approxinately 80% of the total protein and the
whey fraction that represents the remaining 20%, Ammong
these proteins, cight have been characterized as being
allergenic, including aS1-casein (Bos d 8 «-81), a82-
cascin (Bes d 8 o-82), preasein (Bos d § b), and -casein
(Bos d 8 k) from the casein fraction, and a-lactalbumin
(Bos d4), B-lactoglobulin (Bos d 5), bovine scrum albumin
(Bos d 6), and lactoferrin from the whey fraction (4).

Undeclared allergens can be inadvertently introduced
into a food charing manufacturing due to the use of common
Jproduction lines and equipment. Analysis of food samples
for the presence of undeclared allergens is an ntegral part
of food allergen management, particularly for validating
cquipment-cleaning procedures as well as monitoring
finished foods for traces of allergenic ingredients.

Currently, ELISA, PCR, and real-time PCR are the
methods of choice for detection of many food allergens.
These techniques are relatively fast and easy to use in
routine analysis. ELISA can detect the allergenic protein,
while PCR ailows only an indirect determination of the
presence of an allergenic food commodity via DNA
markers (5, 6). For ELISA, the effectiveness of the
analysis depends on the guality of the antigen used as the
target molecule and the quality of the antibodics dirceted
against the antigen. Furtbermore, food processing can
modify these target proteins (7, 8) and may affect their
allergenic potential and binding affinity to antibodies (9),
and may lead to false-negative or underestimated results
in ELISA testing. Currently, there are no official and
confinmatory methods and no certified reference materials
that could be used to support a harmonized approach to
food allergen detection.

In recent years, MS-based techmiques have been
nsed to characterize, identify, or quantify food allergen
proteins (10-13). However, the analytica] strategies vary
in terms of sample preparation or the choice of the target
molecules, which were entire proteins or peptides derived
by enzymatic digestion. For milk allergens, the first MS-

“based quantification of whay proteins was described

by Huber and Premstalier (14). They used selected ion
monitoring in combimation with external calibrtion for
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Table 1. LG gradient used for the separation of milk
peptides with an Agilent 1200 HPLC instrurnent; solvent
A: 0.1% formie acid in LiChrosolv purified water and
solvent B: 0.1% formic acid in LiChrosolv acetonitrile

Time, min Saolvent A, % Saolvent B, %
0 28 2

5 a8 2

45 50 50

48 35 &5

50 0 100

&3 0 100

55 98 2

85 98 2

o-lactalbummn, p-lactoglobulin B, and p-lactoglobutin A.
Internal standards (I5s) were used by Czerwenka et al. (15)
for the quantification of p-lactoglobulin in different cow’s
millk products using RP-HPLC protein separation and
MS detection of the entire protemns i the full-scan mode.
Species variants of bovine p-lactoglobulin were used as ISs.
The authors showed an incteasing loss of B-lactoglobulin
with increasing heat treatment due to milk processing.
Nano-LC/MS/MS analysis of tryptic digested matrixes
subjected to further purification has been developed for the
detection of milk allergens in cookies (16). MS, especially
the tarpeted detection of selected molecules lmown ds
sclected reaction monitoring (SRM) or multireaction
monitoring, combines high sclectivity with accurate
quantification, This approach 1s [equently wsed for
quantification of small molecules and i3 now tnore and
more adapted to protein and peptide quantification. Direct
MS determination of cow's milk proteins without prior
enzymatic digestion wag established in mixed-fruit juiccs
using 3PE and LC coupled to quadrupole MS with full-
sean and multiple-ion monitoring acquisition modes (17).
The nmltiple-ion monitoring acquisition mode allowed
detection of milk protein traces down to 1 pg/ml. This
approach was improved in order to detect peptides arising
from o and [} casein in fined white wine down 1o 100 and
1000 jug/mL, respectively (18, 19).

This paper describes details of the development and
validation of a sensitive and nonimmunological method
for the quantification of mills traces based on selective
determination of peptides specific for B-lactoglobulin
A and B, o82-casein, P-casein, and w-casein. It is a
confirmatory method and complementary to ELISA.

The analytical procedure described encompasses a:

stmple extraction of the food sample using a buffered
solution containing ammonium bicarbonate and urea,
without any additional enrichment or solid-phase
purification step. Centrifugation is used to remove
insoluble resicues before enzymatic digestion of the
supetnatant using porcine trypsin. Subsequent analysis

Da:

by LC-electrospray lomization (ESD-MS/MS in SRM
using the positive ionization mode iz done afier addition
of the IS solution containing the respective [1-Cg, '"Ns}-
lyaine or [13C6, "N, ]-arginine stable isotope-labeléd
synthetic peptide homologs of B-lactoglobulin, «S2-
casemn, [}-casein, and -casein derived peptides. Positive
identification of sclected peptides in the sample and
validation of the method were conducted according to
the criteria defined 1o Buropean Union (BU) Commission
Decision 2002/657/EC (20). Recoveries, precision,
and measurement uncertainty were caleulated from the
analysis of replicate extractions from infant formula,
infant cereals, brealfzst cereals, and baby food matrixes,
as well as rinse water spiked with skim milk powder
(SMP) at different fortification levels covering the tange
from 1 to 150 mg/kg. Highest sensitivity was achieved
in baby food, with an LOD for SMP of <1 mg/kg and
an LOQ of 2 mg/kg. Food matrixes with higher protein
concentrations, like breakfast cereals and infant cereals,
as well as rinse water resulted in an LOQ of 5 mg/ks,
while soy-based infant formula had an LOQ of 20 mg/kg,
probably due to strong matrix suppression effects.

Experimental

Reagents

Ammonium bicarbonate was purchased from Fluka
(Buchs, Switzerland). Urca, formic acid 98-100%,
acetonitrle (LiCh,rosova hypergrade for LC/MS), and
LiChrosolv water hypergrade for LC/MS were from
Merck (Darmstadt, Germany). Trypsin (sequencing
grade modified, V311 20 pg lyophilized enzyme) was
purchesed from Promega (Madison, W), Veratox ELISA
for determination of milk wag from Neogen (Lansing,
MI} and Ridascreen B-lactoglobulin ELISA. kit from
R-Biopharm (Darmatadt, Germany).

Purified proteing [-casein, x-casein, f-lactoglobulin
(BLG), and B-lactoglobulin A and B (all bovine) wete
obtained from Sigma (Stefnheim, Germany); casein was
nbtained from Fluka.

SMP samples used were nonfat milk powder, National
Institute of Standards and Technology, Gaithersburg, MD,
standard reference material (No. 1549, protein amount
34.7%), Fluka SMP (protein amount 33.8%), and SMP
from Hochdorf Holding AG (Hochdorf, Switzerland,
protein amount 22.9%).

Materials and Apparatus

All analyses were performed using an Agilent 1200
HPLC iostomment coupled to a 6460 triple quadrupole
mass spectrometer equipped with an Electrospray Jet
Stream ionization source (all from Agilent Technologies,
Geneva, Switzerland). Peptides were separated on
a Waters Corp. (Milford, MA) Symmetry 300™
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Table 3, Approximate retention times and mobile
phase B (0.1% formic acid in LiChrosolv acetonitriie)
elution concentrations

Retenfion time, Mobile shase

Protein Peptide min B, %
B-Casaln AVPYPQR 19 19
B-Lactoglobulin ~ TPEVD- 22 22
DEALEK
f-Lactoglobulln VEVLDTDYK 26 27
n32-Casein ALNEINQ- 27 28
FYQK
uS2-Casein FALPQYLK 30 32
wCasein YIRIQYVI.SR 32.5 35

Cig column (3.5 pm particle size, 2.1 * 150 mm,
300 A) equipped with a Symmetry 300™ Cy; 3.5 pm,
2.1 x 10 mm guard column. For sample preparation and
extraction, the following materials were nsed: a rotating
shaker (Janke & Kunkel TKA-Labortechnik, Staufen,
Germany); a refrigerated centrifuge with rotor adapted
for 50 mL tubes (Eppendorf AG, Hamburg, Germany);
a laboratory blender (Waring, Bender and Hobein,
Zurich, Switzerland); a ball mill with steel milling jars
and balls (Retsch, Haan, Germany); and 50 mL eonical
cenmifugation tubes (polypropylene; Falcon, Le Pont de
Claix, France). All peptide solutions and sample extracts
were prepared in T,oBmd Safe Lock reaction tubbs
(Eppendorf) using Milliex™ low protmn-lundmg syringe-
drivent filter units with a Durzmore PVDF membrane,
0.45 pm (Millipore, Billerica, MA) for robustniess testing.
For protein quantification, a SPRINT™ Rapid Protein
Analyzer (CEM, Matthews, NC) was used according to
the manufacturer’s instructions.

1S and Calibration Standard Solutions

Synthetie peptides and stable 130tope-
labeled homologs for [-casein (AVPYPQR and

Table 4. MW values and mass fractions of proteins
in milk powders used for the expression of results as
mass fraction skim milk powder/kg sample”

u32-Cazein  B-Czseln x~-Casein p-Lactoglobulin

253 24 18 18

Molecular weight,
kDa

Mass fraction
in dried liquid
milk, %

Masa fraction
in skim milk
powder, %

3.5 10 35 3

27 85 3.1 3.1

&  Soe refs 24 and 25.

Da:

B-lactoglobulin - A and B
(TPEVDDEALEK, TPEVDDEALEK['"*C,, "Ny}, *
VLVLDTDYK, VLVLDTDYK["Ce"N;])i  aS2- ;
casein (ALNEINQFYQK, ALNEINQFYQK[C,*N,),
FALPQYLK, FALPQVYLK["C;, "N Nl and e-casein 1
(YIPIQYVLSR,  YIPIQYVLSR["C.,"N,])  were
purchased individually prepared as solutions in 5% (v/v)
acctonitrile from ThermoFisher Scientific (Biopolymers,
Ulm, Germany). Purity of these IS peptides was -§
approximately 97% according to the supplier. The
ceneentration of the individual sotutions was determined
by amino acid analysis as deseribed in Pharm. Eu. 2.2,56
(6.00; 21). Peptides were hydrolyzed for 24 h to their
individual amino acid constituents in the presence of
6 M HCI at 110°C. Following hydrolysis, amino acids
were covalently labeled with the 6-aminoquinglyl-N-
hydroxysuccinimidyl carbamate (AceQ-Fluor reagent,
Waters Corp.) using a precolumn derivatization process
according 10 the supplier’s instructions and detected by
fluorescence at 395 nm after separation on a Cyy RP-
HPLC column at Protagen AG (Dortmund, Germany).

Afterwards, stable isotope-labeled peptides were
mixed and dilwted with 0.1% (v/v) formic acid to give a
waorking solution of 1.88 pmo]./uL fbr the peptide B-casein 8
(AVPYPQR and AVPYPQR[ °Cg, "*N,]) and 0.63 pmol/iul
for the other peptides. The same procedure was done for
nonlabeled svnthetic peptides, For IS spiking purposes, the 8.
resulting working solutions of the stable isotopc labeled %
peptides were further diluted 125-fold with either 0.1 or -}
0.2% (v/v) formic acid, resulting i a ﬁual concentration /4
of 15 fmol/uL for B-cascin AVPYPQR["Cg, "*N.] and
5 fimol/uL for the othet peptides.

For preparation of the calibration solutions, working
solutions of both the stable isotope-labeled peptide and
the nonlabeled peptide working solutions were further
diluted 31.25-fold with 0.1% (v/v) formic acid, resulting
mn finzl concentrations of 60 finol/uL for B-casein peptides
and 20 fmol/ul. for the other peptides. The nonlabeled
peptides were made up with an increasing concentration, 8
and the stable isotope labeled-peptides were added at a
constant conceniration. The concentrations of the peptides
in 0.1% (v/v) formic acid were 0, 0.75, 1.5, 3.0, 4.5, 7.5,
and 15.0 fmol/ul for B-casein AVPYPQR, 0, 0.25, 0.5, 1,
1.5, 2.5, and 5 fmol/uL for the other nonlabeled peptides;
7.5 fimol/uL for P-casein AVPYPQR{"’Cs '"N,]; and
2.5 fmol/uL for the other stable isotope-labeled peptides.

AVPYPQR[PC,, N, D:;

Food Samples

Laboratoty-finished product samples used for
fortification with SMP were either baby food
puree based on carrot and potato (0.7% profein);
hypoallergenic soy-based infant formula (14% protein);
mille- and lactose-free infant cereals (15.5% protein);
and extruded, sweetened breakfast cereal flakes (8.4%
protein), The baby food pures laboratory sample was
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Figure 1. LC/ESI-MS/MS chromatograms of the marker peptides and their related isotopically labeled
homologs from calibration solutions (5 fmol/el). Monitorad quantifier and qualifier ions are shown.

rehomogenized, and breakfast cereal flakes were  were found in these samples with respect to the given
milled nsing a laboratory blender before weighing the  detection limits of the ELISA kits (LOD B-lactoglobulin
test portions. All samples were tested for the absence  and t-Biopharm = 0.63 mg/kg, and LOD Total Milk,
of milk traces using commercially available ELTSA  Neogen = 1 mg/kg SMP; data not shown). Food
kits (B-lactoglobulin, Ridascreen, r-Biopharm; Veratox ~ commodities used for selectivity testing were purchased
Total Milk, Neogen) according to the manufacturers’ , from local supermarkets or provided by Nestlé factories:
nstructions provided with the kits. No milk traces almond, cashew, hazclnut, peanut, Brazil nut, walnut,

G7-0TT-2011 11:43  Da: ID: BIBLIOTECA-IDI Pasina:@@6 R=96%
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Table 5. Results of BLAST homology searches for the selected marker peptides with 100% query coverage

(v)) and nonhomology (¥)

Peptide saguence Protein Cow Water buffalo  Goat Sheep Ralndeer Human
AVPYPQR B-Casein v v x % * x
TPEVDDEALEK B-Lactoglobulin v v * % x x
VLVLDTDYK P-Lactogiobutin v v v v v N
ALNEINQFYQK aS2-Cagein v v v v " *
FALPQYLK 0S2 Casein v * x x * v
YIPIQYVLSR w-Casein v v v v v %

pine nut, pecan nut, pistachio, sesame seeds (black and
white), poppy seeds, pumpkin seeds, sunflower seeds,
cocoa, wheat flour, barley flour, rve flour, oat flakes,
buckwheat flour, corn flour, rice (white), chick peas,
peas, .soy Dbeans, split peas, lima beans, beel mealt,
frozen cooked shrimp, dried salmon granules, whole
egg powder, lecithin, milk whole powder, demineralized
whey powder, sweet whey powder, potassium caseinate,
sodium caseinate, milk fat globule membrane enriched
protein whey concentrate, acid whey, yogurt powder,
fresh yogutt, sweet concentrated milk, ultra-heat-treated
(UHT) mitk (all bovine), fresh goat’s milk, fresh sheep’s
milk, and buffalo milk powder.

SMP used for sample fortification was reconstituted
to give protein concentrations of 10, 1, and 0.1 mg/miL
(depending on the spiking level) in purified water, and

(i-casein mfz 415.5 — 400.2

B-lactoglobulin m/fx 625.5 — 819,4

solutions were gently shaken for 1 hin order to completely
dissolve the proteins. Other dairy ingredients wete either
reconstituted or diluted in extraetion buffer (50 mM
NIHCO; 1 M urea, pH 8.0) 10 give a final protein
concentration of approximately 0.3% (w/v) and allowed to
resolubilize for13 min-onarotary shaker, and quid samples
were diluted. If required, total protein quantification was
performed using SPRINT™ Rapid Protein Analyzer
(CEM) compliant with AOAC 267,12 (22).

Sample Extraction
Sarnple extraction was performed with respect to the
protein amount of the analyzed sample. Samples were

categorized into groups with a protein mass fraction of
(A)0-2%, (B)2.1-4%, (C) 4.1-8.5%, and (D) 8.6-16%,

B-lectoglobulin /2 533.3 =» 853.4

2.50 /é | 2.50 2.50
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Figure 2. Calibration curves of individual synthetic peptides. Slopes, intercepts, and R? values for calibration
curves formad from representative data in triplicate determination (different days) are given in Table 6.
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Table 6. Slopes, intercepts, and R? values of the calibration curves”
ufeange of ratio area ST/area 18 Slope Intercept g;:ﬁm‘:;:}gg 8D of
Analyte Minlmum Maximum Cenfralvalue  Cenfral value (RY residuals
. FCasein 0 2.14 104 0.0027 0.999 0.026
. miz415.5 — 400.2
p-Lactoglobulin 0 2.16 1.03 ~(.0033 0.896 0.046
. m/z 6235 —~B818.4
: ﬁ-LactOglobulin 0 242 1.08 —0.0078 0.999 0.026
- m/z 5333 — 853.4
" u82-Casein 0 2.30 1,00 ~0.0162 0.997 0,045
/76843 - B27.4
- p52-Casein ¢} 2.34 0.97 ~0.0143 0.997 0.042
- m/z 4907 = 548.4
-Casein 0 1.33 1.64 «0.0224 0.986 0.090

‘a8 Peptide concentrations in the calibration solutions range from 0 lo 15.C fmol/pL for f-caseln, and 0 to 5 fmoVuL of the other
nonlabeled peptides. These concentrations correspond to {8-360 ng/mL f-casein, 6.3-127 ng/mL «S2-caseln, 4.5-80 ng/mL

p-lactoglabulin, and 4.8-95 ng/mL k-casein,

"Samp]cs of 8 g from category A and 4 g samples from.

ccategories B, C, and D were extracted in 40 mL froghly
.prepared and preheated (60 + 3°C) cxiraction buffer
' (50 mM NH HCO,, 1 M urea, pH 8.0}, and mixed with
a vortex mixer. After shaking samples for 15 min on a

otator shaker, the resulting extracts were centrifuged
 for 10 min (5000 x g; 4-8°C). Aliquots of supernatants
- were transferred into low-protein binding reaction tubes.

Trypsin Digestion

A20mgamownt of lvophilized trypsin was reconstituted
in 100 pL extraction buffer (50 mM NHHCQ;, 1 M
 urea, pH 8.0). Trypsin addition and sample dilution were
carried out with respect to the total protein concentration
.1 the sample extract in order to obtain an approximate
‘protein:trypsin ratio of 50:1. To an aliquot of 200 ul
sample extract (A and B), 80 pL reconstinted trypsin
solution {16 ug) was added. For sarnples with an initial
protein amount of 4.1-8.5% (C), 100 pL sample extract
.was supplemented with 85 pl (17 ug) trypsin solution.
Tor samples with an initial protein amount of 8.6-16%
D), 70 uL sample extract was supplemonted with
98 pl (19.6 pg) trypsin solution, Proteins were digested
Overnight at 37 £ 1°C in a water bath. The resulting
solution was centrifuged for 10 min at approximately
116 000 = g at room temperature.
© Protein digests were transferred into HPLC vials.
Bamples initially containing 4.1-8.5% protein (C) were
diluted 1,5-fold, and samples with 5.6 —16% protein (D)
‘were diluted two-fold with 0.1% formic acid prior to the
S addition. Samples with initial protein amount below
4.1% (A and B) were supplemented directly with the T8
solutior. To this end, the respective peptide solutions (A

E7-0TT-2811 11:44 Da:

and B) were diluted 1:] with the IS solution in 0.1 or
0.2% formic acid. Samples were stored for maxtmum of
1 day at 2-8°C.

; Operating Procedure and Determination

(a) HFLC and mass spectrometer conditions —HPLC
analysiswas performed by means ofan R’ Sy,tmnenyBOOTM
C.g HPLC colurnn with a Symmeiry300 Cip guard
column using an Agilent 1200 binary pump system. The
maobile phase consisted of solvent A, 0.1% formic acid in
LiChrosolv purified water; and solvent B, 0.1% formic
acid in LiChrosolv acetonitrile. Injected peptide solutions
were separated at 23 £ 3°C with a flow rate of 0.2 mL/min
uging the gradient described in Table 1. Peptides were
transferred into the mass speotrometer in the interval from
15 to 34 min using a diverter valve.

MS§ detection was done on an Agilent 6460 LC/MS
ttiple quadrupole mass specirometer with Jet Stream
technelogy in the positive ESI mode under the following
conditions: gas temperature 350°C; gas flow, 10 L/min;
nebulizer ges pressure, 30 psi; sheath gas temperature,
350°C; sheath gas flow, 10 L/min; capillary voltage,
3 V; and nozzle voltage, 300 V. The quantitative analysis
was performed using tandem MS in the SRM mode
alternating two transition reactions for each peptide,
two transition reactions for the related 1S peptides and a
dwell time of 20 ms (Table 2). Resolution of 0.7 amu for
quadrupole 1 (Q1) and 0.7 or 1.2 amm for quadrupole 3
(Q3) were chosen. UV spectra were recorded at 214 nm
for each sarnple. Data were processed wsing Masshunter

» Quant software B.04.00. MS tuning was performed in the

positive BESI mode by infusing a 3.5 pmol/ull solution
of each individual peptide with an HPI.C flow made

ID:BIEBLIOTECA-IDI
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Tahle 7. Slopes, R? values, LOD, and LOQ for the individual peptides in food matrixes?®

B-Casein B-Lactoglobulin  f-Lactoglobulin - e82-Casein  ¢S2-Caesein  k-Casain
m/z 4155 — m/z 6235 — m/z533.3 - m/zB884.3 — /74901 - m/2B826.3 o
400.% 8124 8534 827 .4 648.4 975.8
Soy-based Range, ma/kg SMP 50~150 50-150 10150 nat 20-150 50-150
Infant formuia Slope 0.87 0.86 0.76 - 1.68 060
R* 0.998 0.979 0.9¢6 — 0.895 0.988
LOD, ma/kg SMP 20 20 5 50 5 20
LOG, malkg SMP 50 50 10 180 20 50
Braakfast Range, mg/kg SMF 2150 5150 5-150 5-150 5150 10-150
e Slope 137 1.11 1.26 1.85 478 1.34
R* 0.993 0.992 0.992 0.985 0.973 0.976
LOD, mo/kg SMP 1 2 1 2 1 2
LOQ. mg/kg SMP 3 5 5 5 5 10
Infant cerenls  Range, mgikg SMP 5150 5-150 5-150 5-150 5~150 10-150
Slope 1.06 1.13 0.92 1.03 1.26 045
R? 0.998 0.998 0.299 0.983 0.995 0.9¢5
LOD, mg/kg SMP 1 2 2 1 4
LOQ, mg/kg SMP 5 5 5] 5 5 10
Baby foad Range, malkg SMP 1-50 2-50 2-100 2-50 250 2-50
Slopa 1.14 0.95 0.76 0.92 1.31 0.67
R 0.998 0.995 0.999 0.986 0.998 0.995
LOD, mg/kg SMP =<1 ) 1 1 1 1 1
LOQ, ma/kg SMP 1 "2 2 2 2 2
Rinse waler Range, mg/kg SMF 5.75 5-100 2-100 5-50 2-150 5-75
Slope 0.99 0.88 0.86 0.86 1.86 0.54
R? 0.99 0.993 0.993 0.984 0.995 0.975
LOD, mg/kg SMP 2 1 1 1 1 2
LOQ, mg/kg SMP 5 5 2 5 2 5

#  Samples were fortified with SMP from 1 to 150 mg/kg including 2 blank matrix. Depending on matrix supprassion effacts, the
working range of *he analyzed samples was limited. LOD and LOQ arc exprassad a3 mass fraction of SMP,

* ngq.=Below LOQ.
© Low extraction efficiency of x32-casein peptide (m/z 490,1 — §48.4) in breakfast cersals matrix.

of solvents A and B comresponding to its approximate
concentration for elution (Table 3) using a T-connector.
The flow rate was set to 200 pL/min with other settings as
given above, Optimum collision energies for each peptide
tramsition were obtained using the voltage ramping
function.

(b) Sample analysis—Amounts of 20 uL each of
sample solution, rcagent blanks, and control samples
were injected into the column. The maximum protein.
atnount on the column was chosen to be not higher than
40 pg in order to avoid column saturation. Blank runs
[0.1% (v/v) formic acid] were performed after each
satmple with high protein amounts, like infant formula
or infant cereals, or when a baseline shift was observad
in the UV spectrum recorded for each sample at 214 nm

B7-07TT-2811 11:45 Da:

ID:BIBLIOTECA-IDI

in order to removce potentially remaining peptides from
the column.

(€) Identification and confirmation—PB-lactoglobulin
and the respective casein peptides are considered positively
identified in the sample when confirmation criteria, as
defined in EU Commission Decision 2002/657/EC (20),
are fulfilled. The individual peptides were considered
positively identified in the matrixes when (/) the ratio
of the chromatographic retention time of the analyte to
that of the comesponding IS cortesponded to that of the
averaged retention Hme of the calibration solutions within
a £ 2.5% tolerance; (2) a sighal was present at each of
the two diagnostic transition reactions for the respective
peptide and at each of the two transition reactions for its
corresponding IS peptides; and (3) the peak area ratio

A3/18
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Figure 3. Example of LC/ESFMS/MS TIC chromatograms of milk peptide extract from different matrixes:
breakfast cereals, Infant cereals, carrot-hased haby food, rinse water, and soy-based infant formula. Spiking
level: SMF, 15 ma/kg (1 = p-casein AVPYPQR, 2 = p-lactoglobulin TPEVDDEALEK, 3 = p-actoglobulin
VLVLDTDYK, 4 = 0S2-casein ALNEINQFYQK, 5 = ¢52-caseln FALPQYLK, and 6 = k-casein YIPIQYVLSR).

from the different {ransition reactions recorded for both the
unlabeled and labeled species was within the tolerances
fixed by the EU critetia.

(d) Quamtification.—Bach (ryptic peptide was
quantified by means of I8 additionand calibration curves
[analyte/IS peptide area tatio (= y) versus analyte/IS
concentration tatio (= x)]. Amounts of 20 pl. calibration
standard solutions (0-15.0 fmol/uL B-casein pepide
AVPYPQR and 0-5 finol/pL of the other nonlabeled
peptides, each containing a fixed concentration of
7.5 fmol/uL P-casein AVPYPQR['C, "N, and
2.5 fimol/pL of the other stable isotope-labeled
peptides) were injected into the column in replicates.
One series of calibration standards was injected

prior to and one after the samiples to be analyzed.

Calibration curves were caleulated from the average
values of the two series. The calibration standards

B7-0TT-26811 11:45 Da:

covered 18-360 ng/ml for PB-casein, 6.3-127 ng/mL
for aS2-cagein, 4.5-90 ng/mL for B-lactoglobulin, and
4.8-95 ng/mL for k-casein.

The linearity of M3 responses was checked by
calculating the RSD(r) of the average of response factors
(RF = y/x), which should be below 15% (23). Calibration
cmves were not constructed 1n the differsnt food
matrixes analyzed, 3/N values were determined using
the algorithms implemented in the Masshunter software
using the following parameters: peak-to-peak without
enhancement (factor = 1). Noise regions were adjusted
closeto the expocted retention time of the target molecules
for each food matrix individually. The obtained analysis
results were expressed as mass fraction of the individual
milk proteins, and as mass fraction of SMP equivalents
in the different food matrixes. Valuas were calculated
uging molecular masses of the milk proteins as well as

ID:BIELIOTECA-IDI
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Figure A.

Impact of matrix suppression on slgnal intensities of isotopically labeled IS peptides in different

food matrixes. Signal intensities have been normalized to those obtained in infant cereals.

3

7

their mean mass fractions in SMP based on literature data
presented in Table 4 (24, 25).

(e) Method validarion and confirmation criteria.—
Method wvalidation was conducted according to the
Comimission Decision 2002/657/EC (20) and Abbott et al.
(26). Recovery rates and within-day [SD(r)] and within-
labotatery [SD(iR)] precisions were calculated according
1o the Interational Organization for Standardization (27)
from the analysis of aliquots from five blank matrixes
(soy-based infant formula, lactose-frec infant cereals,
extruded and sweetened breakfast cersals, carrot/potato
puree baby food, and water) fortified with SMP at three
fortification tevels (5.0, 10.0, and 15.0 mg/kg), Analyses
were performed by three operators on § to 7 different
days, each analyzing two replicate samples of each
fortification level at least twice. Values were calculated
for each milk protein-derived tryptic peptide and were
also expressed as mass fraction skimmed milk powder
(24,25). Measurement uncertainfies were cstirated
based on existing validation data as proposed by Barwick
and Ellison (28). Confirmation criteria for MS techniques
were  applied according to  Commission Decision
2002/657/EC (20)

Linearity was determined for the calibration standard
solutiona as well ag for the responses obtained for food
matrixes fortified with SMP at 1-150 ma/kg levels,
Selectivity for selected typical dairy ingredients was

Da:

determined, as well as potential cross-reactivity towards
selected food commodities, as suggested for validation
of ELISA methods for determination of milk traces (29),

Results and Discussion

Selection of Peptides and Mass Spectrometer
Parameter Optimization

Suitable peptides for quantification of milk traces
were sclected by a combination of different approaches.
First, theoretical preselection of proteins and peptides
wag petformed based on their high abundance in milk in
order to ensure sensitivity of the method. Furthermore,
these peptides were compared to proteins from other
food commoditics and with milk proteins from other
ruminant species like goat, sheep, and buffalo using the
Basic Local Alignment Search Tool (BLAST; 30) against
entries in the NCBIvr database (Version of 05/2009). The
selected proteins, B-factoglobulin, B-casein, oS 1-casein,
a32-casein, and k-casein, were theorstically digested
with trypsin in order 10 select peptides as potential
candidates for quantification using the following criteria:
suitable hydrophilicity under the above-mentioned HPLC
conditions {estimated vsing GPMAW (Genetal Protein
Mass Analysiz for Windows, version 821, Lighthouse
data, Odense, Denmark)], peptide size between 7 and 135

ID:BIBLIOTECA-IDI Pasina:@11
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Table B. Repeatability, intermediate reproducibility limits, and standard and expanded uncertainty at a 95%
confidence interval level

Relatlve Expanded
SMP fortificaton  Days » RSD(r), RED(IR}, standard standard
Analyte level, mg/kg replicates Median % T, % % iR, % uncertalnly, % uncertainty, %
Baby food .

Ty 5 Gx2 514 6 45 K T 70 70
AVPYPQR 10 7x2 10.38 34 95 9.5 263 10 20
415.5 — £00.2 15 7x2 1577 35 98 55 152 g 13

N

L actogiobuiin 5 Bx2 332 55 135 457 127 B7 134
VLVLOTDYK 10 7%2 76 50 138 BT 46.3 24 48
533.3 — 8534 15 6x2 11.08 28 8 194 537 31 g2

-Lactoglobulin 5 6x2 439 82 229 M2 209 15 31
TPEVDDEALEK 10 7x2 9.24 25 69 155 429 17 33

1 623.5 — 8194 15 7x2 13.68 64 178 17 472 18 36
‘ Jp— B 7x2 391 132 365 386 107 41 82
ALNEINQFYQK 10 Gx2 7.68 38 106 8.3 23 20 39
684.3 — 8274 15 7%2 1112 167 463 280 78 34 59

2 55.3 5

—— 5 7x2 6.13 82 228 553 153 A4 a8
FALPQYLK 10 7x2 11.27 98 270 07 88 33 65
450.1 — 648.4 15 7x2 1616 95 264 421 117 45 90

— 4x2 2.38 78 216 517 143 - —
YIPIQYVLSR 10 7%2 3,79 91 253 418 116 93 187
626.3 — 9756 15 Bx2 875 £o 144 23 64 68 132

Broakfast cereals

A-Casein 5 7%2 4.71 265 754 691 192 74 147
AVPYPOR 10 Ex2 9.56 05 263 118 33 13 25
415.5 — 400.2 15 5% 2 18,44 44 121 407 13 19 38

- ~ n 5

B-Lactoglobalin 5 Bx2 4.97 53 146 30 83 a2 65
VLVLDTOYK 10 Bx2 8.42 173 48 561 155 67 134
533.3 - 8534 15 Bx2 1438 106 295  26.1 72 28 55

B-Lactoglobuiin 5 Bx2 555 162 448 248 69 2 53
TPEVDDEALEK 10 Bx2 868 108 299 387 107 42 83
623.5 — 8194 15 6x2 16.24 431 363 248 69 27 53

282-Casein 5 6x2 6.85 a4 124 311 86 34 67
ALNEINQFYQK 10 6x2 1054 107 298 202 56 22 3
684.3 — 827.4 15 6x2 1402 208 575 574 159 62 123

o82-Caseln 5 6x2 8.26 105 29 236 68 a2 64
FALPQYLK 10 4%2 1420 282 84 105 29 45 a0
490.1 — 6484 15 4x2 1904 53 147 89 25 67 124

Caseln 4x2 2.51 154 417 220 61 — —
YIPIQYVI.SR 10 4x2 4.91 133 387 204 81 05 191
626.3 — 9758 15 62 633 206 6572 661 183 98 198

Infant cereals

GCams 5 7%2 5.23 50 139 752 209 80 161
AVEYPQR 10 62 9.35 56 165 706 195 76 152
415.5 — 4002 15 7%2 14.55 83 176 282 8 21 62

ar-07T-2611 11:46 Da: ID:BIBLIOTECA-IDI Paaina:@l2 R=96%
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Table 8. ({continued)
Relative Expancded
SMP fortification  Days = RSD(r), RSD(R), standard standard
Analyte level, mg/kg repifcates Median % r, % Y iR, % uncertainty, % uncartainty, %
p-l.actoglobulin 5 Ex2 4,59 1.8 326 96.9 268 105 209
VLVLDTDYK -
5333 s 8534 10 %2 8.29 84 233 423 117 48 91
15 7 %2 13.00 6.0 168 185 51 20 39
B-l.actoglobulin 5 7x2 5.1¢ 295 818 1285 356 137 274 7
TPEVODEALEK 3
10 Gx2 8.52 25 648 325 20 g i
§23.5 - 819.4 ° o4 o ) !
15 7%2 15.5 1M1 307 437 121 47 93 i
a82-Casain 5 4%2 8.09 314 a7 62.0 172 - — 1
ALNEINQFYQX 10 4%2 1258 103 285 394 109 — —_
684.3 — 827.4 2aE ¢ ’ '
15 7%2 1427 332 921 44,9 125 47 94 3
aS2-Casein 5 Bx2 10.74 13.7 38 376 104 46 92 ,
FALPQYLK 10 5x2 1580 B8O 246 484 134 = — ‘
490.1 — 648.4
18 72 20.26 123 341 10.7 113 43 87
k-Casein 5 Bx2 3.55 14.5 401 492 136 53 106
YIPIQYWLER 10 4%2 743 159 44 235 65 = =
626.3 — 975.6
15 §x2 7.92 4.1 M4 795 220 97 194
Infant formula
B-Lactoglobulin 10 Bx2 6.87 10.8 30 79.1 219 85 171
VLVLDTDYK . B ;
5333 — 853.4 5 7x2 11.03 43 19 331 147 57 13
Rinse water W_ :
p-Casein 5 7%2 1.04 19.2 534 71.8 198 205 410
AVPYPGOR " ?
10 Gx2 1.99 120 357 187 52 197 /
4155 —+ 400,2 > 29
15 2 475 78 217 1886 52 10 219 8
B-Lactogiebulin 5 6x2 1.75 63 175 535 48 110 219 i
VLVLDTDYK 0 7 %32 336 25 69 243 67 102 204 !
533.3 — 853.4 1 N ' ' ' ' “ “ L
15 Gx2 536 B0 222 254 70 94 188 i
B-l.actoglabulin 5 6x2 2.05 183 362 29.4 81 79 157 fg
TPEVDPEALEK 10 Fx2 48 56 154 144 39 5 {
6235 — 819.4 - > > ‘ - 123 4
15 6x2 8.73 147 408 129 36 83 126 |
1§2-Casein 5 6x2 357 1390 385 346 96 42 84 !
ALNEINQFYQK 10 722 7.56 53 148 133 37 22 43 d
6843 — B27.4 !
15 Bx2 9.54 16.8 4668 185 52 35 €9 i
352-Casein 5 Bx2 4,50 12.6 343 242 a7 26 52 4
FALPQYLK - . i
- 10 7x2 ; 4.7 3 37.3 1 g w
90.1 — G48.4 S 0 40 0 2
15 6x2 12.85 82 229 21 58 23 45
k-Casein 5 5x2 1.19 12.4 34.3 16.6 46 — — J
YIPIQYVLSR - ) !
1 % 7 2.16 17.0 471 19,1 53 365
§26.3 — 975.6 0 ¢ ® ’ 183
15 6x2 244 1256  34.8 44 122 262 525 ;
j
,
amino acids; no presence of Met, Cys, Tip amino acid After preselection of the potential marker peptides,

residues within the sequence of the peptide; and none to purified B-lactoglobulin A and B, B-casein, cascin-mix,
few known post-transtaional modifications or known  and w-casein were digested with trypsin and analyzed by
modifications of amino acids during food processing  HPLC with both UV and MS/MS detection in order to
(e.g., 31, 32). identify and select peptides that showed good ionization

A7-0TT-2811 11:46 Da: ID:BIBELIOTECA-IDI Pagina:@13 R=96%
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Table 8. Quantification of individual proteins in three different skim milk powder (SMP) samples expressed

as protein mass fraction/100 g sample and protein mass fraction/100 g total protein (single-day determination)®

f-Casein p-Lactoglobulin a82-Casein «-Casein

SMP sample and true protein (TF) m/24155 — m/zB238 — miz5333— mizB84.3 - m/z490.1 — /26263 -
amount 400.2 8194 8324 8274 648.4 975.6

Proteln emount, ¢/100 g sample )
SMP Fluka (34.3% TP) 1.8 27 2.7 3.8 55 1.8
SMP NIST (34.7% TF) 107 25 2.3 5.0 4.9 1.4
SMP Hochdorf (22.9% TP) 8.0 18 1.9 35 39 T
Theoretlcal value (refa. 24, 25) a-11 2-4 2-4 -4
} Protein amount, g/100 g total protein
SMP Fluka (34.3% TF) 345 7.9 78 1.0 16,0 5.3
SMP NIST (34.7% TF) 307 7.3 87 14.8 14.3 42
SMP Hochdotf {22.9% TF) 34.8 7.9 8.1 15.3 17.2 49
Theoretical value (refs. 24, 25) 25.35 7-12 B-11 B-15

¥ TP amounts (total protein) were determined sccording to AQAC Method 867.12 (ref. 21) using & SPRINT protein analyzer,

characteristics [high signal intensity (total fon current;

TIC) for the doubly charged parent ions and singly
charged fragment ions]. The selected peptides were
purchased as synthetic peptides of hoth nonlabzled and
stable isotope- ]aheled species: f-eascin AVPYPQR and
AVPYPQR[”CG, AR BlactoglobuhnTPPVDDF/\LFK
and TPEVDDEALEK [C, "N N,J);. B-lactoglobulin
VLVLDTDYK and VLVLDTDYK {“C NI aS2-
casein ALNEINQFYQK and ALNEINQFYQK r”c;,.
N 2l @82-casein FALPQYLK and FALPQYLK [ CG,
N2] and -casein YIPIQYVLSR and YIPIQYVLSR
13 15.
[Ce "Nyl.

Optimum parameters for the Agilent 6460 mass
spectrometer were obtained by svringe-infusion of each
peptide standard solution a: a flow rate of 0.2 mL/min.
The MS conditions wete described previously. Optimum
collision energies for each peptide fragment were obtained
by ramping the energy level, and arc given together
with the respective fragment masses for quantification
and analyte confimation in Tablc 2. Parcnt ions wete
a]l doubly charged M-+2H1" mns, and fragment ions
were all singly charged [M+ H]' ions (Figure 1).
Relative intonsitics (ratio of qualifier:quantifier ion) were
determined for the calibration solutions from analyscs
petformed on 7 different days, covering concentrations
of 0.25-5 fmol/uL. (0.75-15 fmol/uL for B-casein) for

the nonlabeled peptides and at a fixed concentration of

2.5 (7.5) fmcl/pL for the respective isotopically labeled
peptides. Relative intensities were also determmimed in
SMP-fortificd food matrixes at 50, 100, and 150 mg/kg in
replicates. Peak area ratios caleulated for all fortified food
matrixes and the calibration standards met the Hmits fixed
according to ETJ eriteria Commission Decision 2002/657/
EC (20; Table 2).

A7-0TT-26811 11:47 Da:

Selectivity and Cross-Reactivity

Selectivity of the selected peptides was assessed in

+ silico using BLAST (30) scarches and by analyzing typical

dairy mgredients and milk sample from species other than
bovine as well as typical food commodities (raw materials)
as proposed in Abbott et al. (26) for potential eross-
reactivity, The detection capabilities of the method were
clucidated for typical dairy ingredients like milk whole
powder, demineralized whey powder, sweet whey powder,
potassium and sodium caseinate, MFGM-enriched protein
whey concentrate, acid whey, yogurt powder, fresh yoguri,
sweet concentrated milk, UHT milk (all bovine), fresh
goat's milk, fresh sheep’s milk, and buffalo milk powder,
In all hovine-derived dairy samples, the presence of all
marker peptides was confirmed. Cascin samples showed
minor amounts of remaining whey protein [3-lactoglobulin,
while the casein peptides were detected in frace amounts in
the whey powder samples. The confirmed presence of all
maker peptides in fresh yogurt and yogurt powder, as well
as m sweet concentrated and UHT milk, demonstrated that
the method is compatible with fermented and intensively
heat-treated dairy samples as well. This 15 an important
advantage compared to most ELISA-based assays that
ate often specific either for the native or denatured protein
species but rarely for both. Furthermore, the method can
also quantify milk protein originating from sheep, goat, and
buffalo based on the species homology of some selzcted
peptides (Table ). All chosen peptides ate specific for Bos
taurus; all peptides cxcept 0.82-casein FALPQYLK allow
determination of Bubalus bubalis (water buffalo) protein;

- w-casein YIPIQYVLSR, aS52-casein ALNEINQFYQK,

and B-lactoglobulin VLVLDTDYK can also be used to
detect and quantify fraces of milk from sheep, goat, and

ID:BIBLIOTECA-IDI
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Table 10. Trueness of the method determined by the calculation of the mean recovery rates obtained for the
individual food matrixes spiked with SMP at 5, 10, and 15 mg/kg levels, analyzed on 6 to 7 different. days in two

replicates each”

n32-Cagain a32-Casein R-Cascin  p-Lactoglobulin  p-Lactoglobuiin k-Casein
m/z 490,71 —  me B3 — m/zdish —  m/z533.3 — m/z 623.5 — Mz 626.3 —
648.4 827 .4 400.2 8534 819.4 875.8
Baby food Rec, [%] 151+ 15 99 2.8 12242, B6 +10 87+ 2.1 354 3.8
Rec, [%] 17112 76 2.0 1084 1.8 89 % 11 90+22 43549
Braakfast cereals Rec, [%] 188+ 25 145 £ 29 121 %17 81+7.2 Q7 + 12 36£37
Recy, [7a] 145 £ 10 M2+ 22 103 14 94 +£74 100£12 45+ 46
Soy-based infant Rec, [%] ng> n.a. n.G. B9 3.3 n.4. na.
Tormiula Racy, [%] n.g. n.4. n.q. 71434 n.q. n.g.
Infant cereals Rec, %] 20328 187 £ 51 1024 18 84 24,3 94t 10 53+
Rec, [%] 167+ 22 133 % 43 98 £ 5.6 87 2 4.4 a7 & 1 66 & 12
A Rec, [%)] 104 6.0 91479 29t7.5 34410 412 &2, 16£2.9
Rinse water
Rac, [%] 85 4.6 70 & 6.1 24164 A5 1.1 44 +2.4 21+38

? Rocovery rates ware calculated based on the folfow.fng raported mass fractions of the individual milk proteins (a) for skim milk
powder and (b) for dried liquid milk: W, ss.cazen: (2) 2.7 and (b) 3.5%; Wo.caeen: (8) 8.5 and (b} 10%; Wi.pnaan: (B) 3.1 and {b) 3.5%;

Wi iactoglobulfa: (a) 3.1 and (b) 3.0%; (efs. 24, 25)
b n.gq.==LOQ.

reindeer origin. LC/MS/MS analysis of buffalo, goat, and
sheep millk confirmed this theoretical assigniment. Reindeer
milk wag not analyzed.

Cross-reactivity  was  estimated  based on thrﬁ.
presence and absence of signal in the respective SRM
chromatograms of the individual peptides. Signals
with 8&/N <3 were considered as “not present/not cross-
reacting (n.d. = not detectable).” The following food
ingredients were analyzed: almond, cashew, hazelnut,
peanut, Brazil nut, walnut, pine nut, pecan nut, pistachio.
sesame seeds (black and white mixed 1:1), poppy seeds,
pumpkin seeds, sunflower seeds, cocoa, wheat, harley,
rye, oat, buckwheat, com, rice (white), cluck peas, peas,
0y beans, split peas, ma beans, beef meat, frozen frash
shrimps, salimon granules, ezg, and lecithin. None of the
samples showed any croas-reactivity towards the selected
tnarker peptides except rys meal and corn meal. Rye meal
samples showed significant amounts of all millc peptides,
and corn meal samples showed significant amounts of
al]l milk peptides except for B-casein. However, BLAST
seatches did not indicate any homology of the milk
peptides fo these food commoditics. Therefore, a veal
cross-contamination of these sanples was concluded and
confited by ELISA analysis (Veratox Total Milk Assay,
data not shown). Individual peptides were detected with

minor signal intensities with /N <3 in peanut and white *

tice (B-lactoglobulin m/z 5333 — 819.4), lima bean
{B-casein m/z 415.5 — 400.2), and split peas (x-cascin m/z
626.3 — 975.6 and my/z 626.3 — 763.4) showing minor
signals at retention times of the milk peptides. However,
none of these matrixcs showed signals for all milk
peptides. Furthermore, these signals were considered as

Da:

interferonces due to missing confirmation by the qualifier
ion or other milk proteins.

Linearity, LOD, and LOQ

For the standard curve, linear relationships were
analyzed for each quantifier transition. The concentrations
of the seven level calibration standards (including the
blank) range from 0,75 {0 135 pmol/uL (comesponding
to 18-360 ng/ml) for f-casein AVPYPQR, and from
0.25 to 5 fmol/ul of the other nonlabeled peptides
(corresponding to  6.3-127 ng/ml  aS2-casein,
4.5-90 ng/mL B-lactoglobulin A and B, and 4.5-95 ng/mL
®-casein; Figure 2). The corresponding raiios for IS8 and
standard concentration are calculated based on peak
areas. All peptides showed lincar relationship between
theoretical and obscrved concentration ratios, The slopes
were determined for representative curves obtained on 3
different days intriplicate. Slopes had average values close
to 1.0 with coefficients of determination (R%) > 0.995,
except for k-casein with a slope of 1.64 and R® of 0,990
{Table 6). The deviation of k-casein may be a result of an
unidentified impurity in one of the synthesized peptide
solutions or an error in the determined concentration
thereof.

In addition to the evaluation of the calibration
curves, linear correlations of signal intensities 10 SMP
Tortification level in the food matrixes were determined
and surmmarized in Table 7. For example, LC/BSI-MS/
MS TIC chromatograma of milk peptides extracted from
breakfast coreals, infant cereals, carrot-based baby food,
rinse water, and soy-based infant formula fortified with
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SMP at 15 mg/kg lovel are shown in Figure 3. Suppression
of peptide signals was found to be different in the food
matrixes and to bave a sighificant impact on the LOD and
LOQ. Highest sensitivity was achieved in low protein-
containing carrot- and potato-based baby food, An LOD
for SMP could be achieved at 1 mg/kg for all diagnostic
peptides. The corresponding LOQ was 2 mg/kg for all
peptides. For breakfast cereals, infant cereals, and rinse
water, the L.OQ was 1 mg/'kg SMP for a minimurn of two
out of six diagnostic peptides, or 2 mg/ke if all peptides
were considered. The LOQ was 5 mg/kg for five out of
six peptides in these matrixes. Higher LOD (5 mg/kg)
and LOQ (20 mg/kg) were obtained for SMP-fortified
soy-based infant Formula, probably because of strong
matrix suppression effects, In order to illustrate matrix
effects, mean absolute arcas of stable isotope-labeled IS
peptides, spiked at fixed concentrations into the mairixes,
wete compared after normalization on signal infensities
obtained for infant cercal matrix and shown o Figure 4.
Signal suppression occurred neither in a similar strength
for all milk derived peptides in the same marix nor in
g similar strength for the same peptide in the different
analyzed matrixes. This figure clearly demonstrates the
importance of I8 addition for quantification purposes in
order to compensate for such suppression effects and to
ensure teliable resuits.

Repeatability, Intermediate Reproducibility, and
Measurement Uncertainty '

The absolute difference between two independent single
test resu/ts obtained on identical test material by the same
aperator (cotresponding to the repeatability limit, 1, at the
95% confidence level) and the absolute difference between
wo independent single test resulis obtained using the same
tnethod on identical test material by different operators
using differsnt equipment on different days (corresponding
to the reproducibitity limit, R, at the 95% confidence level)
are summarized in Table 8.

Recovery

Calculation of recovery rates turned owt to he difficult
due to unavailable certified refevence material, .g., in the
form of purified individual proteins, milk samples with
lenown protein composition, or naturally incurred food
samples, Therefore, recovery rates were estimated based
on self-spiked food samples and theoretical values for the
protein composition of skimmed milk powder and dried

liquid mille (24, 25), Furthermore, three SMP samples were «

analyzed as such, and the concentrations for milk protaina
obtained comparced with theoretical values. All analyzed
proteing met the expected values oxcept k-casein, which
represents only approximately 50% (Table 9). Similar low
recovery rates (16-66%) werc found in the SMP-[ortified
food matrixes. This deviation from the theoretical values

A7-07T-2811 11:48 Da:

can be a result of an incomplete digestion; deviation
of the given concentration of the synthetic labeled and
nonlabeled peptides, used for calibration; or instability
of these peptides. The obtaned mean slope (1,64) of the
calibration curve for w-casein supports the assumption
of an incorrect concentration. or impurity of the labeled
and/or the nonlabeled synthesized standard peptide that
leads to an underestirnation of the k-casein concantration
in the samples (Table 10). Recovery rates were also low
in SMP-fortified rinse water (16—42%). This can be
explained by the phenomenon that proteins diluted to low
concentrations in purified water tend to adsorb to surfaces
in a complex process, which is driven by different
protein-surface interaction forces (33). Protein adsorption
is usually only partially reversible becanse proteins may
undergo structural changes dve 10 adsorption on the
surface and, therefore are not available for the applied
detection method (34).

Robustness

The robustness of the method was examined by
applying a two-level, six factor Plackett-Burinan
statistical experimental design (35). Six method
variables that are sensitive to varation were ovaluated
for their influence on the system suitability criteria
set in the method procedure. The method variables
were investigated by using different equipment ot 1o a
specified range above or helow (= Leval 2) the nominal
method conditions (= Level 1). These included the
extraction method [centrifugation tmbes (Level 1) versus
volumettic fask (Level 2)], the extraction temperature
[60°C (Level 1) versus voom temperafure (l.evel 2)],
application of sample Bltration prior to HPLC injection
[without (Level 1) versus with protein low-binding PVDF
0.435 pm fitter units (Level 2)], trypsin addition [one step
(Level 1) versus two step interval (Level 2], digestion
time [ovemnight (Level 1) versus 6 h (Level 2)], and
FPLC column temperature [25°C (Level 1) versus 30°C
(Level 2)). All experiments were cartied out using baby
food fortified with SMP at 50 mg/kg as a representative
sample with an assigned overall method precision RSD(r)
of 10%. Lovel 1 are the conditions used throughout
validation; Level 2 are the tested variables (Table 11).

It was found that only the peptide VLVLDTDYK from
B-lactoglobulin and YIPIQYVLSR from wk-casein ate
sensitive to the trypsin addition procedure and digestion
time. None of the other studicd variables significently
(#-teat, w= 0.05) atfected the final results.

Conclusions

An LC/SRM-ME/MS method for quantification of trace
amounts of milk proteins was estahlished for food matrixes
cottaining low, medinm, and high amounts of protein,
The analytical strategy was based on direct quantification
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using selected tryptic peptides from B-lactoglobulin,
o- B-, and k-casein, and synthesized tryptic peptide
homologs containing the N-terminal isotopically labeled
amino acids [IBCﬁ, "N, J-lysine or [°Cg, '*N,]-arginine
as ISs. This method showed less interferences caused
by food processing than ELISA because target proteins
are denatured and then enzymatically digested before
gquantification, and IS addition compensates for matrix
effects. The highest sensitivity was achieved in baby food
with an LOD for SMP of =1 mg/kg and LOQ of 2 mg/ke,
Food matrixes with high protein concentrations, such as
breakfast cereals and infant cereals, as well as rinse water
resulted tn an LOQ of 5 mg/kg. In contrast, a high protein
food, soy-based infant formula, had an LOQ of 20 mg/kg,
which was affected by strong matrix suppression.

Performance characteristics obtained during Commission
Decigion 2002/657/EC compliant validation qualifies this
LCMS/MS approach as a potential confinnatory method
for milk allergen detection. Furthermore, the simultaneous
quantification of four different proteins in one mun allows
multiallergen determination with the possibility to extend to
motc food allergens.
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