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¥ OE: BB T Al R RE [R5 5 R - e AR AR (1 — T IR i i (ultra performance
liquid chromatography coupled triple quadrupole mass spectrometry, UPLC-MS/MS)7E 14 5 5 I 52 4 475 B 20 R
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LR REAARIETTR, AREHARE T p-M A AT RS AM A2 AR IRI i S5 R AHETOR Y B-BE bR
HEXT A AT R A2 B-i BB (1A SR O B350 20.8% 11 55.1%,  FLAERIN r b ofi il 28 o 2 ek 4 56 R B
F0.99, Jrik BRI ARHER 22 0 2.290%~4.720%. 4538 A5 I BORS W BEAT, 3 FH TR R AR R
PR LIy FUB PR - 2 R SR I 5E
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Determination of A1 and A2 f-casein in milk and bovine-derived infant
formula by purified protein-isotope internal standard dilution-ultra
performance liquid chromatography coupled triple
quadrupole mass spectrometry

FENG Xin', LV Jia®, BIE Wei', HAN Shen', ZHANG Xiao-Mei’, WANG Jin-Hua'",
BAO Lei*", WANG Long-Fei®, LIANG Cheng-Zhu®, LV Mei-Ling*
[1. Science and Technology Research Center of China Customs, Beijing 100026, China; 2. Nestlé R&D (China) Ltd.,

Beijing 100016, China; 3. Technology Center of Qingdao Customs, Qingdao 266104,
China; 4. Agilent Technologies (China) Co., Ltd., Beijing 100022, China]

SBIEEE: TA, W, MR, FEURITn RN ESR 5% 4, E-mail: wangjh2008@aliyun.com

7, BT, FEM RO E N E A SR ME. E-mail: Lei.bao@rd.nestle.com
*Corresponding author: WANG Jin-Hua, Ph.D, Professor, Science and Technology Research Center of China Customs, No.6, Tianshuiyuan
Road, Chaoyang District, Beijing 100026, China. E-mail: wangjh2008@aliyun.com

BAO Lei, Professor, Nestlé R&D (China) Ltd., No.6, Jiuxiangiao Road, Chaoyang District, Beijing 100016, China.
E-mail: Lei.bao@rd.nestle.com



55 24 3]

o gE, S TR R E R - R OB T - — R DU B A L

81

ABSTRACT: Objective To establish a method for the qualitative and quantitative determination of Al and A2
p-casein in milk and bovine-derived infant formula by purified protein-isotope internal standard dilution-ultra
performance liquid chromatography coupled triple quadrupole mass spectrometry (UPLC-MS/MS). Methods Firstly,
the Al and A2 f-casein variants in the f-casein standard were separated by high performance liquid chromatography.
The content of 2 kinds of variants in the standard was determined by purifying their respective proteins. Then, the
p-casein in the sample was hydrolyzed into peptides by trypsin and detected by UPLC-MS/MS. By selecting specific
peptide segments, the content of Al and A2 f-casein variants in the sample was calculated using casein standard and
stable isotope dilution internal standard methods. Results The Al and A2 f-casein variant content in the f-casein
standard reference substance used in this study were 20.8% and 55.1%, respectively. The linear correlation coefficients
of the standard curve in the detection were all greater than 0.99, and the relative standard deviations in the
reproducibility of the method were 2.290%-4.720%. Conclusion This method has good traceability and precision, and
can be applied for determination of 2 kinds of #-casein variants in milk and cow’s milk derived infant formula.

KEY WORDS: f-casein; A2 f-casein; A2 milk; infant formula; ultra performance liquid chromatography coupled

triple quadrupole mass spectrometry
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YR —FE SR FE RN, RARKENE
BH Ry o R 19 (casein, CN)J& 25 7% Fp it B B8 35 il 20
z—, H&BA 5 BEAN 80%., HAE#HF5E LB, CN 3%
TEAE o B 3R, o B-ON B & L2 i ON 11 40%!,
55 HAZK R CN AR EL, B-CON B HL i ) HA i E A |
BRI A T R

HAR A B-CN A7 12 PR A, {048 Al A2, A3
B. C. D. E. F. G. Hl. H2 1 1", Hip A1 & A2 A
WP FSEIA A2 B-CN M LR P4 2 5 b P41, H
HIZEADEE P B A1 B-CNZE SR TE A2 f-CN B 751
B 67 S s IR R R AR R IR R 1, 1A Rl
Al B-CN FE NN A 7 ADNEIERR I p-B&ERK
(f-casomorphin-7, BCM-7)!" 30 £ JikJ&:—Fh L1k A2 4
T BT R R, 3 SR D B R 3 4 A A R
i A2 B-CN W /b K fift H PR B BRI B, MG 3
IR K 3 BCM-7 5 Ry = (a4 AR G, 4ol
RSN T ROBE RO Ut B ) Lesett L
Ji 2 i ZE ALY AR FORS #h oy 445 22 R Gopis
149 K9 RS

HF A1 B-CN AT RESXT A AR A — g U RIE M, 45
FLab Al A2 FLAY, BIF=i s g B-CN S A2 B-CN
L™ i, AR 45 WA AR B0 X 287 il e X,
IR R E Kk LA R B SCAI  vs, H
PAXT<A2 FLAL TR BTl . LS M ag LR 2 DL
MO TAE, IR FLE SRR S R TR —,

AR 7 3 A I B 43 R PR, — R A X 0
A L DR B (A 3, A A SR ik X 7 - S ) D) e B
LA R AR S I DR S SR e X S

(polymerase chain reaction, PCR)!'® | TagqMan #&4H1:U
thAmp FARPIEE Sy i 5 H B0 T A2 4R
B AP B, (B Sz % Tk AR e n e B R AR S
TR o 51— 2O Ik ISR R 2 MR 4 R 287
BEATRGI, AmBCESFL AL A, 27 AR S ROR 6
TR AN R PR PR, (AT TR R S B e ]
XA G YE N, EICYRE S A E ZREt, ATRESSXS HbR
AP aagiE A TR, SR EEsE =25 . B
T8 A AFBAR AT AT R I, 18 TR B RO %
W R A TSR] S A AT S M A A, Bl e = DO A
5 3 2 O OV T AN, ko o 4 2 P R K
i I A RPAE PR BB T 43 BT B TR (9 M AN e g T o L
PR E R A B-CN ARUE b BEAT 40T, (B X 24R
B-CN XTHES Y A1 J A2 B & i R EA TR AN, TR
HRE—%, S5 TRE: ()SRITEWE, SeEE:
N T TG W, ()45 5 Z bRk i 21 B s 2= i

g AL, ARG Al A2 p-CN 4ifliE
FIXFE B-CN SRR S AL, A2 -CN S BE#HTFRE, @t
4 B-CN R i AR RS 28 A -8 1= A0 AH €633 - = F pu
T BT %322 (ultra performance liquid chromatography coupled
triple quadrupole mass spectrometry, UPLC-MS/MS) & 41}
B AR BAULEC U R AL A2 B-CN I8 R, 205k
FR AT AT SRy Al P ST A T 3 M A SR AT AR = —

1 #MR5E%

1.1 RS

R FIE FRE & R T B A2 T %3 B - 2K T LA o A 2L
LB T FLRRE o

gfifk: Al B-CN K A2 B-CN (20 pg, ZliJ>95%, MK
FIE Biosensis 2vwl); 4+ B-CN Frifedh (L) 78%, E[H
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Sigma-Aldrich 23 A]).

- A1 B-CN. 4 A2 B-CN R kB K 4= Al B-CN., 4
A2 B-CN AR SRR AR 4 5 KB (T Mk FE 500 pg/mL,
AaifE>90%, LA TAY TREAR), HRAEEE 1,

2R WR . N R OR(EiEal, 25 Fisher 22 H]);
WRIREN . TRIRE L. IRE . KA =t F
PRSI R R, Zai b . R . b
WA A&y . B g 25 1 i (75 1>10000 BAEE/mg)( 35
Sigma-Aldrich A #]), 7K 5 GB/T 6682—2008 { 43 Hr3zi a
FHK B ZBRUE ) B I —2HoK .
1.2 UE5EF

LC-30AD =850 AH (S (BL =5 R DAD il 4%,
HA B vl ); 1290 8 m 830 15 6460 H3 I =5 POk
FFREAY . ZORBAX 300 SB-C g (il (100 mmx2.1 mm,
1.8 pm)(Z&E Agilent 23 7]); ME614S B HL FFF-(J8dt 0.1 mg,
ff & Sartorius 2 Fl); Milli-Q 258 F /K & 4 2% (£ H
Millipore 2y F]); WNB45 {EIE/KIF(TERE Memmert 2\ H]);
Microspin-12 Zfgit #0813 E Sigma A ).
1.3 LWHE
1.3.1 AR i i 4 Be )

4 B-CN Frifafi# 45 W (2 mg/mL): FREL 20 mg 4 B-CN
FrifEdh, FKEZ % 10 mL,

) (37 R AR 4 S KTR A P A (S0 pg/mL): A5
WA 1 mL 94 A1 B-CN K A2 -CN [EIS ZARICE: 5 Ihn
HERE AR T 10 mL 58, FKMRIFE4A 2 10 mL.
132 B-CN At d Al A A2 B-CN 4% bl 2

FH B-CN 2R (5 6 mol/L AN 0.2 mol/L — A7
W) -5 4ifk 2 Al B-CN 2 A2 f-CN BRI ERZE 1 mL,
JEEWEN 20 pg/mL, 43HIEL 500 pL J&, F A-CN ZEiat
FIEFE 1 mL, FCHBUTRE 10 pe/mL IE R . 43 54
P REIRIE 4 Al f-CN 2 A2 f-ON VA i i
IO, (i S22 Sk, JERERRIE A S0 ul. 15
Al B-CN K A2 B-CN Jiz e & 55w B 4t R AL

HERRIR LA B-CN ARifEREF I 10 uL, F B-CN ZZujix
FIEAZE | mL, B g-CN [ BTN 20 pg/mL,

LR AR A MR, W 2 e R SR IRk
™ Al -CN & A2 B-CN HJ&5 5,
1.3.3 Mo B-CN A7 & 4h AT 2L 22

PRI 1 g BEAR OIS = 0.01 @), FIIR RIB WA E
2% 100 mL,

HERA W B4 B-CN 453 10 pL .25 pL .50 puL 250 plL .
500 L. 1mL, Ff/KEAZE 1 mL, BRFRRWEN 0.02,
0.05, 0.10, 0.50, 1.00, 2.00 mg/mL i f-CN TAEH, 1%
FIBRUE IR AL B, e S AL AT

3 BIMERR R EL 100 pL S FRE AN B-CN TAEW T
2 mL B.OEH, 78 B-CN E.OE LA 100 L JREFR
(6 mol/L)J5, ZAAEREAI TAERE L A 50 uL [A]
P ZARICFE T IR A AW . 680 pL AR 2 AN 22 vl i
(100 mmol/LYFT 10 uL —FRAHEEES (500 mmol/L), WWTiE
TRAY, 70°CHEVRZ I 30 min, BUHAHIEZER, A 30 pL
WA 2 R R, IR BEIRA), WA ERE 30 min, JIA 20 uL
BRI A W1 mg/mL), IRHERS), T 37°ClH M #
6 h, SERUGEHCGH A 10 uL BHERIRS], ZiR#HE 30 min, 2f
0.22 pum JEAEFHFRE, fi UPLC-MS/MS {3kl
134 &5t

% FE: ZORBAX 300 SB-Ci5 (100 mmx2.1 mm,
1.8 um), FL7% 30 nm; FishAH A: 0.1% P B/KER, TRt
B: 0.1% MR Z NS W#E: 0.3 mL/min; #EJE: 40°C; ik
FEMARF: 10 L.

PE GBS BE FE Y . 0~1.0 min, 5% B; 1.0~5.0 min,
5%~40% B; 5.0~5.5 min, 40%~100% B; 5.5~7.0 min, 100%
B; 7.0~7.5 min, 100%~5% B; 7.5~10.0 min, 5% B.

1.3.5 &t

B WS B35 2 F I (JetStream electro spray
ionization, JetStream ESI+); A% = 1E B TR 44,
KrE: £ /i Wil (multiple reaction monitoring, MRM);
AR 350°C; WYRE: 12 L/min; WIMEHLE: 200 V;
ZALARIE ST 45 psi; BAEHRIE: 3500 V; TSR
175°C; TR 11 L/min; RS &aid.

TRIEHIDESCHRERE A1 B-CN K A2 B-CN Fi S PER B,
FeSePERBOE R T B R T KA WL 2.

Fz1 Al R A2p-CNHEHHKEHEXER
Table 1 Related informations of A1 and A2 f-CN characteristic peptides

JiINEZ2y 7 75 BLIb ey

£ ALEON FHSHEIKES HHPFAQTQSLYVPFPGPIENSLPONIPPLT 53559
 poN R
A PN KRR
£ A2 B-CN [ 22 L i IHPFAQTQS(L*)VYPFPGPIPNS(L*)PQNIPP(L*) TQTPVVVPPF(L*) 53473

QPEVMGVSK

T LN R ZFRCAY SR 28R (Leu-OH-"C,°N;)..
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Fz2 AlRA2PCNHEUHEMBHNEESET. EEBTREERESHER
Table 2 Informations of qualitative and quantitative ions and main mass spectrometry parameters of A1 and
A2 p-CN characteristic peptides
EY T} T (m/z) T T (mlz) L TR/ V HliE AR /eV

714.8* 160 30

4 Al -CN Fr kB 1340.8
1428.5 160 30
. . 714.8* 160 30

4+ A2 B-CN 5 ik Bt 1330.8
1428.5 160 30
4+ A1 B-CN [Alfir e P ik B 1347.8 718.4% 160 30
4 A2 B-CN [l R S M KB 1337.8 718.4% 160 30

I ERE T
1.3.6 Ar/fEvh &R AH| BAF oL st R A

LI B-CN ARHES T A1 J2 A2 B-CN ik i i Ak bk
(X, mg/mL), Al Jz A2 B-CN H¢ 5P K Bt S5 HH I P9 bR 9 11 0
A LI AN AAR(Y), flbrEMi g, L TR
BRI A1 K A2 B-CN BYVEJE, JEitEsRk ik
Fe A1 B A2 B-CN HU &1,
1.4 BUBELIE

TR AR £ i 3 5 Lab Solution TAE S #EAT
SREEMSTHT, UPLC-MS/MS $43d@ 13 Agilent Masshunter T
VeSS AT RAEFN 204, R SPSS 19.0 FEATHRE 204 2 |2
FAbFE

2 HER5SH

2.1 tREMATERE

85 R AF Y P B TR A bR HE ) T B R A
HEAT 30T o ARBFSER I 002, ok B-CON Bl ] B i
AL & A2 B-CN #4741 15, PRl Al & A2 p-CN ik,
R K P AN AR SR S A TN . 22 5 ) B-CN A
YT R DUV AT GEAE i AT ekl o ] 1 SRR T I R
AL ST B, B-CNFRHEXTHE AL A AT X A2 B-CN 68

ijE% mk o

20

—_ —_
(=] w
T T

i o7 38 B /m AU

Al A2

S

-5 1 1 1 1 1 )
20.0 22.5 25.0 27.5 30.0 325 35.0
{2 B4 B[] /min

Bl B-CNFRUER AT A2 B-CNHY €5
Fig.1 Chromatographic peak of A1 and A2 f-CN in -CN
standard substance

AT ZA AT T A B o (1) 32 56030 5 Ji
EAMNT Al & A2 B-CN 2ifbR (A H AL, Ll Rk
AP L o o R B 5 TR A A 5 35 i o i) fr 2B 4 [l 19
RECAME, F25 RS A ai ol B S A 2R [ g
TR, A A T R, R sk E AR
il FH T Bl e 25 1 B . AT AP P PR I
TR I35 XT B-CN ARdfEXT B b A1 Jd A2 B-CN i LE A1)
HEATHAE , PRATRE L EAT 2 40 BT, R F 38 43 B 49 1
BERT I AR Lk i, EM A ARE s E Al K&
A2 B-CN LufRS, 252X IR sgm, FRIs -2 sl
PR AR SR T 5 B, v R E 2 R T S B B 1
B o 3)A 43I il i A BURRIE BRBEXT B AR R A T &,
W S FE R B 7 1 BIS 201915 € & Lok K L 5okt o
FEFE S AME ) o APPSR, MR E AR
B-CN SEA TR, BHHRLZHR 90%, #5K FHA BURFE Ik BOW
Al & A2 B-CN #EF7KGI, HE |2 G808 BB AR T3
BB A 15 0

F3JRRT IR 3 RO ARSI 5 vk H 25 5 FAR O
EARBIGY Jr ik i w0y SO B, TR RRIH — k5 A UK B
WIAEE—E 2200, SCRR A5 IR R B i I Bl — 3.

F*3 FEMEFZEMNE p-CN FRENBamP A1 K
A2 B-CN HI & E(%)
Table 3 Determination of A1 and A2 #-CN content in #-CN
standard reference material by different measurement
methods (%)

4 N T
BN gy TR
FE A FE Rk
Al p-CN 20.8 22.5 17.5
A2 p-CN 55.1 58.1 48.4

2.2 WEMERRE A ESEE AR B RYE 2R

15 Ol S A N il 3 1B 3 S A R Y A S
B-CN R IR . 18] 2 JB/R T -CN 8 A [l isf 6]
T, Al J2 A2 B-CN Hp5et ik Be 5 R 7 2 N AR LUAE R A8 10 1
Bl HZERERT SN, FEMGA# 4 h 5 A1 B2 A2 B-CN Ml i 4E
SPERRB Bk B, IFTEREE 6 h 5 BB K ME .
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F 8 h I B S IR B 5 [ (3 3 AR EL(EL T BRI L,
ATREAY SRR 2 IR B A | sl A A, DR A T
R S SEIN ] o R 4~8 b UIIE], PR(EJCIT e 5, (AT
4 b AEIA BT S, BRIk H bR e AR S T,
LM Fe 2 R Tl A PR AR ) R 5 104 6

8
Fou
S Tr
5
=
& St
S 4L N\
z
sz»( 3L i
iy - --#--A1 B-CN —8—A2B-CN
Sl e F F
B L
m
O 1 1 1 1 1 1
1 2 4 6 8 24
[isg gy

P2 ASIFIBEAR I ] AR A2 B-CNR St I By 1o {22 £
Fig.2 Changes of response values of A1 and A2 $-CN characteristic
peptides in different enzymolysis time

23 FrERIZEMER

TE B-CN AR BT B 0.02~2.00 mg/mL 5 1A,
Al J& A2 B-CN LM BIA T e Rtk R B 4, S554%
WITEIZIE IR Y, ARIEM R OC R RAF.

F4 FHA-CN A HIEIEFEREERE
Table 4 Regression equation and correlation coefficient of
2 kinds of f-CN

S R 24 miSpigss SHEREC?)
Al B-CN ¥=53.736X-0.0597 0.994
A2 B-CN ¥=57.606X+1.2924 0.994

TE: mAT7 R XY 230 B ARG 45 X R AR B i L
Wi L3 A L o

24 FAEBEEEE

S VE ARSI 5 3k ARG R, T L RO
FLo A2 BRI AL . LIy 2L A A2 LB L
KSHEAT 6 UCEATINAE o i K 00 235 SR R A s e 2 235 5 I,
F 5. SRR BRE 2275 2 GB/T 27404—2008 ( SEH:
FEREEHING A I ) A SR,
2.5 SEPReEmA

B bR gL Ah, XSTHEALTIEE 6 HyFRFR A2 WHIR AWK
KR FATINE, JE%F A2 B-CN i A1 & A2 B-CN Z A F
BT, S5 R ER 6. MZESRA LI, FRFR A2 W5 AY
Wikyrh, A2 B-CN I LR T 85%. MR H Tt F
IR A2 Wil A2 B-CN &8 AT ILE, JoiE MM
[ P A2 T4 A 2R, HE e A 5T A5 A B 11
LI, B A2 PR S R A2 B-CN B B, AT IR
7 LS

x5 TRITE#RST Aly A2 p-CN BN ELERRBXHRERE

Table 5 Determination results and relative standard deviation of A1 and A2 f-CN content in different commercial samples

BRAE e WESR (@100 2) e
1 2 3 4 5 6 /(g/100 g) 1%

B Al 0.394 0.427 0.411 0.402 0.432 0.418 0.414 3.210
KEF A2 0.781 0.827 0.775 0.808 0.815 0.797 0.801 2.290
FAhAR A2 BT Al 0.025 0.023 0.023 0.024 0.024 0.022 0.024 4720
KHFL A2 1.045 1.064 1.016 1.112 1.021 1.055 1.052 3.020
B )| Al 0.400 0.429 0.421 0.444 0.425 0.408 0.421 3.380
[WrER) A2 0.841 0.960 0.891 0.888 0.846 0.912 0.890 4.530
L A2 L Al 0.123 0.110 0.118 0.115 0.119 0.122 0.118 3.710
LW E iR A2 1.325 1.340 1313 1.440 1.256 1.414 1.348 4.600

26 TEHEHRTD AL, A2-CN SENELR K A2 f-CN Gt

Table 6 Determination results and A2 #-CN proportion of A1 and A2 #-CN content in different commercial samples

Z;Z‘i Al B-CN F&/(g/100 g) A2 B-CN & H/(g/100 g) Al 5 A2 B-CN E 52 F/(g/100 g) A2 B-CN 5 Fb/%
FEdh 1 0.118 1.348 1.466 92.0
FEdh 2 0.164 1.501 1.665 90.2
FEdh 3 0.136 2.003 2.139 93.6
FEdh 4 0.120 6.696 6.816 98.2
e S 0.142 8.632 8.774 98.4
Kb 6 0.363 2.101 2.464 85.3
FE&h 7 0.242 1.502 1.744 86.1
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3 ZF5iTie

A S8 2 X AN (7] o 8 3K S 3 RN L,
%Aﬁh”%%%%ﬁﬁWCNﬁ@ﬁﬁ%¢mAn&m
B-CN & EHATINE o A 5044 T (8 1 bR HEXT B F 2= 45
A B JLTE Ty LR it — [) 4 B ke 8 1 K fi,
W Aa e RN Z AR, fdFH UPLC-MS/MS YRR AR AT AL
B A2 B-CN St A TN o % IRFEAIED T B-CN ArifE

X B O A S A Y I A, 2 SR AT W, FLY
TRERAPE A BB 2 AL GB/T 27404—2008 F3EAR
TR, AT R B o AR Y 7 X R b R R R 56 B 2R A
R o (A, VR SERRER A TINE, A2 W A
X%&~iﬁﬁﬁm,ﬁ%ﬁ%ﬂﬁmﬁ%%ﬂﬁﬁ&mk

TEAERFFE o R B, X SR LA % [] — T4 i T B A 2%
MEA TR, A2 B-CN S 5H 5%~10%A9H15% . T BB N
JEAFE R Ao R v A7 R A SE LA RN PO, (AR T B Y
Tk SR A A WS AL, T FE R 1 T V7 A G AR, AT
T R R o {H & T 7 s g e AR BRI B S
IMIEH 77 (AR USRI DY, B A= 2Ly B ARG R A

(1 17 B0 03230, PR UM 5 7 20 9 A R 7 A R
B-CN I B-CN e ity il — 18

AT BT R A RS2 2 1 B 2 F B ) Bottom up J7
i, TEREWIF P ER Top down JFEEXE Al M A2
B-CN JFJRFERA (AR A 5 ik TF &, ik — 2 fif Dbl S 4e
B A DU 3 A8 P A B S
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