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Quantitation of cow’s milk allergen in hypoallergenic infant
formulas using ultra-high performance liquid chromatography-
tandem mass spectrometry
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Abstract: Cow’s milk protein allergy (CMPA) has become a common public health concern and
hypoallergenic formula (partially or extensively hydrolyzed formula) is considered as an alternative
during infancy. Alcalase and papain are widely used in industrial production of hydrolysates, as they
can modify or destroy the linear and conformational epitopes of cow’s milk allergens (CMAs) , thus
leading to decreased allergenicity. However, despite considerable emphasis has been laid on the
manufacturing technique and nutritional value of hypoallergenic formulas, whether there are traces

of CMAs in hypoallergenic formulas, remains unknown. Consequently, the need for a quantitative
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method of detecting multiple CMAs at a time is rising. Traditionally, enzyme-linked immunosorbent
assay (ELISA)-based methods have proved to be advantageous with a wide availability of commercial
kits for CMAs detection. Moreover, polymerase chain reaction (PCR), as one of DNA-based
methods, has shown exceptional specificity and high sensitivity. However, they both may encounter
false-positive results and high-throughput detection is challenging. In the past two decades, mass
spectrometry (MS) -based proteomic technology has advanced, including improvements in com-
putational capability, algorithm model, as well as mass spectrometric platforms. MS is gaining more
and more attention in the field of food allergen detection, allowing multiplex allergen detection with
high sensitivity, accuracy and selectivity in a single run. In this study, an analytical method was
developed for the simultaneous quantitation of six CMAss (namely, a-lactalbumin, B-lactoglobulin,
aSl-casein, aS2-casein, B-casein, and k-casein) in hypoallergenic formulas using ultra-high per-
formance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS). Proteins of spiked
hypoallergenic formula were extracted with ammonium bicarbonate and digested with trypsin. After
digestion, the samples were purified with a C,, spin column, and analyzed by UHPLC-MS/MS (AB
SCIEX Triple Quad 6500). Separation was achieved on a Waters ACQUITY UPLC Peptide CSH C,,
column (150 mmx2.1 mm, 1.7 pum). The mobile phase consisted of 0.1% formic acid aqueous solution
and 0.1% formic acid in acetonitrile, and the flow rate was 0.3 mL/min. The sample injection volume
was 10 pL, and the column temperature was set to 40 ‘C. Mass spectrometer was operated in positive
electrospray ionization (ESI') mode, and multiple reaction monitoring (MRM) mode was adopted.
Precursor ions and product ions of marker peptides were predicted by the Skyline software. Mass
spectrometric parameters such as declustering potential (DP) and collision energy (CE) were also
optimized. Afterwards, by taking allergen epitopes and mass spectrometric responses into con-
sideration, six peptides were retained for quantitative analysis. Calibration curves were constructed
with good linearity in the range of 0.05-500 mg/kg, and correlation coefficients (#*) greater than 0.99.
The limits of detection (LODs) were 0.05-5.0 mg/kg, and limits of quantification (LOQs) were 0.1-
10.0 mg/kg, respectively. The recoveries of the developed method in incurred hypoallergenic formulas
ranged from 74.8% to 93.4%. The intraday and interday accuracies ranged from -25.09% to -6.09%
and from -24.0% to -5.41%, with precisions between 1.08%-5.05% and 1.35%-4.85%, respectively.
Screening of commercial hypoallergenic formula samples confirmed existence of CMAs in three
partially hydrolyzed formulas (pHF) and two extensively hydrolyzed formulas (eHF ), with contents
ranging from 0.48 to 27.36 mg/kg. The analytical method proposed in this study exhibited high
sensitivity , high-throughput capability, and can be used to monitor traces of CMAs in hypoallergenic
formulas.

Key words: cow’ s milk allergens (CMAs) ; ultra-high performance liquid chromatography-
tandem mass spectrometry (UHPLC-MS/MS) ; peptides, label-free quantification (LFQ) ; hypoal-
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FF % 1L ( 26 [ AB SCIEX 24 7)) ; Milli-Q 1Q7000
Ak Z 48 (3£ [F Millipore 23 1] ) ;5425R /NS TR
B0 AL (1% [# Eppendorf 23 i ) ; LYNX4000 & .0
HL . TSGP20 fa i 7K ¥ i ( 3¢ B Thermo Fisher /A
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L+ K (Fi 1 Mettler Toledo Al ).
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Table 1 MS parameters of quantitative signature peptides for the six cow’s milk allergens (CMAs)

Compound Sequence Precursor ion (m/z) Product ions (m/z) t, /min DP/eV  CE/eV
ALA VGINYWLAHK 600.83 817.44, 654.37, 931.48" 8.32 60.0 28.4
BLG VLVLDTDYK 533.30 641.28, 754.36, 853.43" 7.33 60.0 25.1

aS1-CN FFVAPFPEVFGK 692.87 823.44, 991.53, 920.49" 13.69 60.0 33.0
aS2-CN FALPQYLK 490.28 551.32, 761.46, 648.37" 9.46 60.0 23.0
B-CN VLPVPQK 390.75 471.29, 681.43, 568.35" 3.94 60.0 18.1
k-CN SPAQILQWQVLSNTVPAK 990.54 1056.61, 1242.68, 1370.74" 11.53 40.0 47.5

DP: declustering potential; CE: collision energy; * quantitative ion.

VGINYWLAHK(AA118~127) , 43,5 75 T I £& 1k F& 1
DIMCVKKILDKVGINYWLAHKALCSEK (AA107~133)
P LA BERR AR AE £ Ik VGINYWLAHK 4 5E e £ ik
BLG 144+ ik Bt TPEVDDEALEK(AA141~151) 5
WM 26 P %7 EQSLACQCLVRTP(AA130~142) /b5 3
Ay A, FRAF KBS VLVLDTDYK (AA108~116) 5 il
LANEFAL ENKVLVLDT(AA105~113) 48 K A
JIF LA HE Z Ik VLVLDTDYK & £ ik ; aS1-CN
4R Ik Bt YLGYLEQLLR(AA106~115 )1 75 16 i i
2% ¥k % i SERYLGYLEQLLRLKKYKVPQLEIVPNS
(AA103~130) " ,FFVAPFPEVFGK(AA38~49) 5 fii
M 2% ¥ 7 LREFVAPFPEVF( AA36~47) %3 &K 45
& 4, EDVPSER (AA99~105) 5 il i £k % 3% 17
SERYLGYLEQLLRLKKYKVPQLEIVPNS (AA103~
130) > &= &8 4r E 4, EGIHAQQK(AA106~115 ) 4 7 il
£ Pk % 17 HAQQ (AA143~146) 5 B8R 457 1F ik B
YLGYLEQLLR 7¢ 2851 & T4tk , EGIHAQQK
SEAAL T TR A (1 HL A B i N 5 AN
1o, T DA A S 6 R R 2R R R A 4 K A FRE A Y
FFVAPFPEVFGK F#1iE kB i i ik Bt ; S2-CN 1Y
FEAE KB NAVPITPTLN (AA130~140) 5 Fil i) £k #4 3=
{7 RNANPITP(AA129~136) # 4> # & , FALPQYLK
(AA189~196) #% & & T #l W £ ¥ &£ fi
FLKKISQRYQKFALPQYLKTVYQHQ(AA178~202)t7,
i TVYQHQK (AA197~203) W 55 i i & 1 % 17
FLKKISQRYQKFALPQYLKTVYQHQ (AA178~202)
o #0 E G, T LL Ok R R AR £ Ik FALPQYLK 4
FE i Z BK . B-CN [ 1l il 4k ¥ 3% 7 HQPHQPLPP
TVMFPPQSVLSLSQSKVLPVPQKAVPYP (AA160~
196) £ & FEE £ IK VLPVPQK(AA185~191) , I 5§
#E £ ik AVPYPQR(AA192~198) % /> 4 , FQSEE
QQQTEDELQDK (AA48~63) 5 £ ¥ % fii DKIHPFA
QTQSLVYPFPGPIPNS(AA62~84) 1 D3 1 B A,
Ik BEARAE £ Ik VLPVPQK J i f KB . k-CN [

SAF kBt SPAQILQWQVLSNTVPAK(AA90~107) 5
T £& 1 % 7 PVALINNQFLPYPYYAKPAAVRSPAQ
ILQWQV (AA68~99) #i 7 H £, A b 3% #5 KR 1IF £ K
SPAQILQWQVLSNTVPAK W& & fikBt. 3% 1 s,
£fh CMAs VEHL 1 20HFIE 2K, 363 6 45, et
fIE 22 AR T 2 57 £ i o B B o3 AT O T B T R
RN T kRS B EALA AT, nE 1T
IR SR Z KL B4, AT LA 2 o BT 225K .

23 HEEER

231 4MHEE ERMEER

MW T il EAREH CMAs R
K TE 5 SRS TR I CMAs B2 481 BH 1 B 5 i 7 =
R B 5 B B L AL, DL CMAS W IIKE
FRIEZ IRIE T AU v il breth 2. 4R Box .6
Fl CMAs 7£ 0.05~500 mg/kg i il N £kt 56 R R 4F,
M RB() K F 0.99 LI E . 2 5ILL 3 541 10
£ 45 M L (S/N) Fif X B2 B 6 Flt CMAs Joit 2 e BEAE K
Kt B (LOD) FlE R (LOQ) . 45 ank 2 frR,
6 fl CMAs ) LOD A1 LOQ 43 %} 0.05~5.0 mg/kg
1 0.1~10.0 mg/kg.

W A BF5E th #8451 LOD Ml LOQ 5 3¢ ik v 4
R E AT g, N ER 3 FToR , AR 7 3k ) LOD Al
LOQ {8 3154 i £ ¥ J¥ (L aS2-CN 1E Jy ZE Ak 47 538)
23 %4 1.0 ng/mL 1 2.0 ng/mL, ik T 2 Fh 3 T 5 3%
Ml 3 FhEEF ELISA WK I 7357, 9 B A F
SCHR A B Y [F] B S — Pl LA CMAs /9 1k AR
D5 iERE— IR PEBI 35 6 A CMASs, 1T AR 18 & 3
EAFLEER R mA I EA (G MFEEE)N
FE S HEAT I E .

232 EREMAEEE

A3 M TE 25 IR BE K i e 7 FLoRy h AT AR
= 3 AN KSE ) CMAs A [l i 5, # B8 1.3 45
BT 8 AR IR AR S B AL AT, 2 52 T Tk Y Il
R WFE 4 FFR,6 f CMAs 78 3 DN AN/KEF (A
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Fig.1 MRM chromatograms of the quantitative signature peptides for the six CMAs

W R TG B N 74.8%~93.4% ,RSD N 2.3%~4.9%.

U A, 7E 25 I B A S5 T S 4 L LA AR
R IME & 3 S /KF (ALA fil BLG 4 1.0.2.0,
10.0 mg/kg; aS1-CN 4 0.2.0.4.2.0 mg/kg; aS2-CN
4 0.05.0.1.0.5 mg/kg;B-CN 2 0.1.0.2.1.0 mg/kg;
k-CN 4 5.0.10.0.50.0 mg/kg) ) 6 F' CMAs 5 #i
ai R BR13 W Oy AT AR R BB A S B PL BT
TR BE 6 A FATHEA . T IRl — K X AR A
PEAT e PR RE, OF H 7 2 3 R X RE AR dE AT gk R
€, LA %R 22 (relative error, RE) FAF #EHH B, L)

RSD FRALKE % B, 5207 B H N B H Ta) %) 1 1 32
KRG . 5 REW 6 F CMAs 1E 3 UK F
™ H P R E N -25.1%~-6.09% , 45 % B N 1.08%-~
5.05%; H [6] #E 5 B Sk —24.0%~ -5.41%, K& % & K
1.35%~4.85%. &5 b frid , 524 g 0y 7 B B B ar
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Table 2 Linear equations, correction coefficients (r?), LODs and LOQs of the six CMAs

Compound Sequence Linear equation 7 LOD/(mg/kg) LOQ/(mg/kg)
ALA VGINYWLAHK y=4.5181x10°x+1.9274x10° 0.9989 1.0 2.0
BLG VLVLDTDYK ¥=2.3897x10°x+2.7569%10° 0.9996 1.0 2.0

aS1-CN FFVAPFPEVFGK ¥=9.5596x10%x+1.2213x10* 0.9989 0.2 0.4
aS2-CN FALPQYLK Y=5.4349%x10*1-6.7579%10* 0.9995 0.05 0.1
B-CN VLPVPQK ¥=3.8697x10*-1.603x10? 0.9994 0.1 0.2
k-CN SPAQILQWQVLSNTVPAK y=1.8437x10*x+7.6226x10* 0.9996 5.0 10.0

y: peak area; x:

content of CMAs spiked into blank matrices, mg/kg.
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Table 3 Comparison of proposed method with different reported methods

Method LFQ Matrices Analytes Linear range LOD LOQ Ref.

LC-MS/MS Y  hypoallergenic ALA, BLG, aS1-CN, aS2- 0.05-50 mg/kg 0.05 mg/kg 0.1 mg/kg this

formula CN, B-CN, k-CN (equiv. to 1.0 (equiv. to 2.0 work
ng/mL) ng/mL)

LC-MS/MS Y  hypoallergenic aS1-CN, aS2-CN 1.8-42 mg/kg 0.4 mg/kg 1.3 mg/kg [27]
formula

LC-MS/MS N  baked food «S1-CN, aS2-CN, B-CN, « 1-100 nmol/L 0.12 mg/kg 0.38 mg/kg [28]

-CN

LC-MS/MS N cake, cookie ALA, BLG, aS1-CN 0.97-31.25 pg/mL 0.20 pg/mL 0.48 pg/mL [29]

ELISA / hypoallergenic ALA 61.04 ng/mL- 62.50 1.59 ng/mL 1.61 ng/mL [30]
formula wg/mL

ELISA /  yoghurt, choco- BLG 31.25-8000 ng/mL 1.96 ng/mL 3.91 ng/mL [31]
late, milk, candy

Biosensor /  infant food for- BLG 0.01-1000 ng/mL 0.007 ng/mL / [32]

mula

LFQ: label-free quantification; Y: yes; N: no. LODs and LOQs were compared using the lowest CMAs category level achieved in re-

spective studies.

R4 FREHRMAFET 6T CMAs B INHR B R FNE XS R AR ZE (n=6)
Table 4 Recoveries and RSDs of the six CMAs at different
spiked levels (n=6)

5 LR A TR BE K R B 5 LR ) SR AT A, ik 5 P
NLHTON 1.3 F1 5 509 pHF £ & P Kt CMAs

Compound Spiked level/(mg/kg) Recovery/% RSD/% EH, A 3 AHORFLK P AR LE 1 R K 58 2 /)
ALA ! 81.2 2.9 AFLEN X —EIRE RS S B ENR
" ove a4 TRJPEUBMAIL . pHE R4 T 14 HERT 05K A
BLG 1 82.9 4.8 7 R AR B L B e 4 s A L oo S 4 LY T 32
" ot i o 55— 7 ZE48 5 6 A 8 () eHF BE & i i)
«S1-CN 0.2 80.1 4.8 @J?LFHE%E[ ,T‘Eﬁ?ﬁfﬁ‘éﬁﬁ CMAs,iiﬁfﬁ‘éﬂ%‘ﬂ??éE
;g 322 ‘31; P UN L P NI e €3 &4 B i -4 = RIEACT e =1
20N 005 2o s 2 401 LB R, 5 T eHF A6 T pHF i %7k
0.25 83.3 3.3 it B ANAVIIE , X SEAG Hh A9 B CMAs W %51 i 8
pox o TN L SRRy v T LS T R (R 8
0.5 84.7 3.9 YLl JLBC J7 LM FE & CMAs 1Y i 2, IF B A U5 v
10 U234 ) OMAS R Il 7 A S
o 0 Gaan BT AEPRLR RS AR N T L A K
50.0 85.5 3.1 STy N
RS IEHERPHCMAsHEE
Table 5 Contents of the six CMAs in actual samples mg/kg
Partially hydrolyzed formulas (pHF) Extensively hydrolyzed formulas (eHF)
Compound No. 1 No. 2 No. 3 No. 4 No.5 No. 6 No.7 No. 8 No.9 No. 10
ALA 9.86 ND 5.23 ND 10.30 23.74 ND 5.23 ND ND
BLG 7.34 ND 3.80 ND 6.82 16.72 ND 2.78 ND ND
aS1-CN 1.74 ND 1.27 ND 3.54 ND ND ND ND ND
aS2-CN 0.62 ND 0.48 ND 1.82 ND ND ND ND ND
B-CN 2.47 ND 1.58 ND 2.76 ND ND ND ND ND
k-CN 27.36 ND 15.26 ND 22.17 ND ND ND ND ND
ALA 9.86 ND 5.23 ND 10.30 23.74 ND 5.23 ND ND

ND: not detected.
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