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JOMNTT R R AR E S, M 511447)

W OFE: BE TSRO @RS - 5 505 7 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)# v ZLiil i h 2Lk B . FLMF &R O . W34 AL B-BSEE IR A2 B-B& 2 . K
A2 BT EE TR R vk, O J v 5 L b v S R S SR DU A LR G ST SE PRSI T AR AL
EHEWME, N &R0 5 - 00 BT - 5 R Y P08 B R 4 PE B B (ultra performance  liquid
chromatography-triple quadrupole-Orbitrap high resolution mass spectrometry, UPLC-Q/Orbitrap HRMS)
UPLC-MS/MS fifi gk 345 Al i 5 P 5 S0 A O AE IR BE, 2T UPLC-MS/MS 7 ARG LE . LPN, %3
4 Al B-CN. 34 A2 B-CN FUKAE A2 B-CN W7 R IR T30l Al . 5 5R 5 Fh Rl &8 A AH B 9 ik
JBETE B R SE R R AP (7>0.99), JAR IR TE 82.1%~105.5%Z 1], HIXF bRl 2235/ F 5%, 78 4 FLifil &b
PRGN 25 SR B R A iy LF & i 22 Sk, AFIZEMASL T LPN ME2 A K. G0 Ay kRt REF,
T8 T FLA b LT 2R AF SRR A A [ RS, s nT LA S SEL A i LR P R IR A S

KB DPEREFLAE L SRR UL B SR G- DU ST - S I B s 20 R B I R i RO
k- IR TR, HLE
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spectrometry (UPLC-MS/MS),

identification analysis of commercially available dairy products. Methods

chromatography-tandem mass and conduct functional protein testing and
After enzymatic digestion of milk
proteins, ultra performance liquid chromatography-triple quadrupole-Orbitrap high resolution mass spectrometry
(UPLC-Q/Orbitrap HRMS) and UPLC-MS/MS were applied to screen and obtain specific peptides for qualitative and
quantitative analysis, and a method for the simultaneous detection of lactoferrin, lactopontin, A1 f-casein and A2
p-casein from cows, and A2 f-casein from buffalo based on UPLC-MS/MS was developed and applied to dairy
products detection. Results The 5 kinds of proteins to be measured showed good linearity (+%>0.99) in the
corresponding concentration ranges, and the spiked recoveries ranged from 82.1% to 105.5% with the relative standard
deviations less than 5%. The results of 78 dairy products showed that the LF content of similar samples varied widely,
and the mean LPN values in different types of liquid milk did not differ significantly. Conclusion This method has
good performance and is suitable for the simultaneous detection of functional proteins such as lactoferrin in dairy
products, and also for the identification of the origin of milk protein species in dairy products.

KEY WORDS: functional proteins; targeted proteomics; ultra performance liquid chromatography-triple quadrupole-

Orbitrap high resolution mass spectrometry; ultra performance liquid chromatography-tandem mass spectrometry;

authenticity identification

il

0 3

FL#FE H (lactoferrin, LF) . FLHF#E M (lactopontin, LPN)
Al B-F&ZE 1 Al f-CN (Al p-Casein, Al f-CN)FI A2 p-Jik 4
FH A2 -CN (A2 p-Casein, A2 f-CN)EFL S H B2
FIB, B TAE MBS R R h &R RSN, 4 B S
FRERERMERN . LF 22— 32 th 2LIR L R A /i i R
METREREEGWE N, BABUHEY . el 1 o ik
W, Pz R B S oh Al Y, LPN 2 —Fh s B s ks i
FRVEMEEE [, ] th 2R es T Mg 28Ikl 094 LA p
KLRGERE . WERE . BHSME AR, BT S A
FH AR A2 B-CN & B-REE 1 13 Pl (678 A rp g 3=
FARSARE, 5 REEFL AL, AR T L #E g
KM & T, RGO R, 2 U 22 1,
Al B-CN J& -BE 11 73— R AR S0k, HAR ™= 251 B s nE K
-7 (beta-casomorphin-7, BCM-7)4 #4424 JL & 1 B4 PRI
R SEAESR, T BRI ARFRER AL LF 8% LPN
A2 B-CN 4lilyy | Ak aiEaE4 2870 b, WL TR
[ 2B T K . T RERIIA 46 A2 B-CN JEB 15444
R A 30%, A2 A-CN iy &/ LF fl LPN k4
W, EWRAE R E F D, AR ER R =, 7E) £ 5K
R, FLL AR 7 0] BEAEAE R AR PR B AR S 56 ]
PRI, R 00 L b o BB 2 1 1 25 s KT R ot
Tt FL R R L T HAEEE X,
BT, 2 GB 1903.17—2016 { £ 524 FE 5 e
TR SRR LR O ) PRUE MR LF PR R0R
@B, MARNET LPN, Al -CN F1 A2 B-CN ks
WK vk . ENAMRIER ST LF. LPN, Al B-CN il
A2 B-CN il Jy % 35 2 A 4 il B 4 2% 75 (euzymelinked

immunosorbent assay, ELISA . BB H K (high
performance capillary electrophoresis, HPCE)% A6+ —
ot T IR 6N - 2 T 445 Tk e 8 M L TK (sodium. dodecylsulphate
polyacrylamide gel electrophoresis, SDS- PAGE)! "™ #%25&
P A B 4 42 (colloidal gold, AuNPs)H (k! AR (i ik
(liquid chromatography, LC)2* 21 A (a1%- ER B Tk (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)P24%,
EHEA O — R 2 S A6 o ELISA #RAE T ER, {5
X TR E A B S FLA AR, B 32 Ak L HY B
BT, HPCE itk . R, [H5 2% FR, &
SVERE . SDS-PAGE JE 8 FUSTAM T FH ik, (B4 At
FFERT. LC RrINZE A Ems . HIELF . ek, (A HAE
MEAEAVIEE R 1 . LC-MS/MS B2 [T 4124 SR, st
MR AR AT AN 2 1 B R AE R Be, ANMUEA LC s,
P RESSAG IS PE R M ),
B ) 8 1B e PO R A 1 SR UK B, A5
H bR 2 ST 2 B WLy 91 7 1 R AR AE O B, 3 Ao A 0 R ik
Bk 2B H AR AR 1 PR oA i H AR P, B R
BEw | R MU SRR, BE R A 1 M S S
FH 25200 ARG I L o) B (1SR4 2, R R iR
- DURR AT - F 3 S8 B = 4 PR 1% 2k (ultra. performance
liquid chromatography-triple quadrupole-Orbitrap high resolution
mass spectrometry, UPLC-Q/Orbitrap HRMS )1 = %5 ik A
3% - R B 1% 75 (ultra performance liquid chromatography-
tandem mass spectrometry, UPLC-MS/MS)#fi ik #:45 ] F T
SEVERE TR TR RRIE AR BE, HE T UPLC-MS/MS #y [m] i}
Gl LE. LPN, #34- Al B-CN., W34 A2 B-CN Flzk4: A2
B-CN 17515, SR PRI 1 & 122 R v it T L2 S5 B v
DR v I LD A R U I e e s -4 B L7/ E LB ST RS
S FL M T A A R AR S

)[13714]
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1 MR5ERE

1.1 MR5RF

30 LA W (pure cow milk). 3 iR FL (fortified
milk, SRALUVETAFUNERD . 15 4> A2 p-CN 4L
(A2 cow milk), 14~ A2 -CN £4(A2 goat milk), 1 M4lizE
Wi(pure goat milk), 14 47K 4 (pure buffalo milk), 10 />
EW5K (cow milk powder)Fll 4 4A~=E W45 (goat milk powder),
i 78 MRS . P EE 1 AN ESLAK AT 4 DSBS
WHRYRES, HAER I LR b oigl R L il i

W IR A 8 (NHLHCOs, 43 W2, | Mk 70 A R
JN F)); TR 95 OBE I (dithiothreitol, DTT) . {4 Z, Mt e
(iodoacetamide, IAA) (A2, 35 [E Sigma-Aldrich A +]); H
% (formic acid, FA). Z/Ji&(acetonitrile, ACN)({4i%2%, K[H
Merck A]); 4-FLEkEE FI(bovine lactoferrin, bLFYbRifEh (44
=95%, IR AR A RN A, EAMEAH
(trypsin)(MF2%, I =3800 USP unit/mg pro, FiFHELAEY)
BHEATRA R, WBaliZk(18.2 MQ-em)(SEHZE Milli-Q H ).
1.2 UE5EF

Orbitrap Q Exactive i## iR AH (i - DU - L 3
BB 2 P IE (L (€ 1E] Thermo Fisher Scientific 23 H));
ACQUITY ™ i B A € 13 Hi Bk Xevo™ TQ MS —H Y
AT B A2 (35 [# Waters 22 H]); ACQUITY UPLC BEH Cg
(50 mmx2.1 mm, 1.7 pm)f &4 (3EE Waters /A Hl); KBF115
fE B 540 (12 [ Binder 23 Hl); DHG-9240A Hi 34 A )
Fa( BRI UEAT BRA F]), BSA224S RECGHEE 0.1 mg,
f# [ Sartorius 23 ).

1.3 LWHE
13.1 B f#

HERFRICELG 0.125 g SR IEAFL 1.0 mL BT 10 mL
R, A EAUKIEMIES], MRESR S 10 mL. B
100 pL AT 2 mL 2048, FRIA 100 uL #B4sK . 100 L
100 mmol/L DTT ¥ . 500 uL 100 mmol/L NHHCO; ¥,
WHERA), BT S56°CHUH IR N 30 min; BUHREIE
&, A 100 pL 300 mmol/L IAA, IB5)EE T2 T
G 1 hy B 100 pL 200 pg/mL B Al RAE
BT 37°CHEIRAR TP EEM 6 h; A 10 pL FA J5 T2 iR T
T 30 min, 211 EER SN ; 12000 r/min B0 10 min, B2
EWGE 0.22 pm JEAE, R,

1.3.2 ARAEERAS

LF ARfERBCR A bLF ARl fhiil & o MERFRE 5 mg
bLF %F 10 mL B4k, 703 MRRELH 5L 500 ug/mL 45
WEVT, BR 100 pL ARAERGE 1.3.1 B S 255 A2 AL 3, 4R
TSBEHR . BB S B A KR 1:99, 1:49, 1:24, 1:9,
1:4, 2:3, 32 (IBHRA, FHIBEEE R 5. 10,
20, 50. 100. 200 F1 300 pg/mL HIZR S LF FRifEIEH .

Al A= 205 F0 0K 2 0 4 s TR i A O e £ ) 1
W 1.0 mL SE0535 8 1.3.1 BEAR A5 5B 4l /K IR -G o,
HAIR A (V)R H9 0:100. 5:95. 10:90. 20:80, 30:70.
40:60. 60:40, 70:30., 80:20 & 100:0.

1.3.3 UPLC-Q/Orbitrap HRMS 4~#7

5t @i ACQUITY UPLC BEH Cig (50 mmx
2.1 mm, 1.7 pm); #aAH: ZHE(A)F 0.1%F BRK I 1 (B);
B VR AR M 0~1.0 min, 5% A; 1.0~5.6 min, 5%~50% A;
5.6~6.0 min, 50%~95% A; 6.0~6.8 min, 95% A; 6.8~7.0 min,
95%~5% A; 7.0~9.0 min, 5% A, & 0.3 mL/min; F:iE
35°C; kMR 5L,

Orbitrap R/ PEBGE A1 B FIREE 3.5 kv; BAIE
T 320°C; BFREE IR 350°C; B i 40 L/min;
WA W R 10 L/min; HLWESE H 8 1E 2 F (electrospray
ionization, EST")=; FI{filat: Full MS/dd-MS?; F13#3E
Fil: m/z 200~3000; Full MS 4> #4: 70000, AGC target 3e°;
B RVERERTIA]: 100 ms. dd-MS” Hl2r¥E%: 17500, AGC
target le’; e KUEREMTE] Ky 50 ms; FffERE: 25, 30, 35 eV,
1.3.4 UPLC-MS/MS 2#7

LA BRUFRER N 2 pL Ab, HASMER 133 1
s & A

S BT, BAEHIE 2.5 kv; RIEFEE
400°C; FIEFIS AR, 800 LHr; AL NAS, 150 LHr,
2 S Wi (multiple reaction monitoring, MRM)#z,, 5 Fif
HARKEB R BHE S HOLE 1.

1.4 HIEAIE

K FH MaxQuant BN EIEAT 506 ¥, SCEe 4
%% FHl Origin 2019b 27,

2 FER55H

2.1 RIERFFERK R ik

A5 7L BB RN LC-Orbitrap 5 20 FE BRI,
el 133 Jy kAT R, fF R AR R AR W Bl = A
MaxQuant # {4, R4 Uniprot B H 3RS 1994 LF .LPN,
Al B-CN. A2 B-CN M 7K’f: A2 -CN & H ¥4 fasta 3C
PESEAT AR I B AT R E BRI YIS, 2, [EE
i’y Carbamidomethyl (Cysteinine), £ Jiki/M<E R 8, 5L
W PR PRI U, 19 E— GRS N 10~15¢ . &%
ZHE LF ikt 6 25KBL, LPN e 2 KB, Al
B-CN(I A 1 20K B, A2 B-CN(Wh4E )ik i 2
FMREL, A2 B-CNOKZE )it 1 ZRBE . RPAE R BE R
B RN CGE DR S, @3 Uniprot 903 32 Ak (4 J5 8 15 41 %)
b T R (BLAST) A2 [ BT EE b st 12 SRRRBL AT it
Hx, Z5W, Bk FQSEEQQQTEDELQDK N #3/: Al p-
% EE 1A A2 B-CN AL IRERAD, FLagx ¥y Sl 7 2 5T 1 4
KB, i REIE KB AR B AN 1 PR .
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#Fz 1 LF, LPN, Al f-CN F1 A2 -CN {Ri%4FMEPLER

Table 1 Candidate specific peptides of LF, LPN, A1 f-CN and A2 -CN
#E 1 [fi/aac no. IR IE KB/ (46 5 ) B8 F(m/z) FEF(m/z) HEFLHE/V  TifERE/eV

595.3 25 19

VDSALYLGSR/(VDS)* 540.8
762.4 25 15
690.4° 20 26

AFALECIR/(AFA) 490.3
577.3 25 25
503.3 28 22

SCHTGLGR/(SCH) 4442
486.2 20 25
pre QVLLHQQALFGK/(QVL) 691.4 1041.6° 20 20
' 791.4 30 26
563.3" 25 30

FFSASCVPCIDR/(FFS) 486.9
540.3 25 25
GSNFQLDQLQGR/(GSN) 681.8 1218.6 Y 8
’ 716.4 25 27
551.3" 30 18

GDSVAYGLK/(GDS)* 4552
650.3 30 16

LPN/P31096 ,

799.4* 25 28

YPDAVATWLKPDPSQK/(YPD) 606.0
459.3 30 30
A2 B-CN(¥54)  THPFAQTQSLVYPFPGPIPNSLPQNIPPLTQTPVY & 1428.8° 28 25
/P02666 VPPFLQPEVMGVSK/(PIP)* ’ 1385.7 30 35
Al B-CN(34)  THPFAQTQSLVYPFPGPIHNSLPQNIPPLTQTPV 340l 1428.8° 35 25
/AOA452DHW7 VVPPFLQPEVMGYV SK/(PIH)* ’ 1527.8 35 25
g 852.5° 30 20

A2 f-CNOKF) IHPFAQTQSLVYPFPGPIPK/(PIPK)* 746.4
/QYTSIO 1015.6 30 20

¥ acc no.=Uniprot/Swissprot accession number; * & it 25 1~; * i 24156 5 AU RFAE KB

2.2 HFEPKER K B il BULHN K T E

FRAE R ER (00 2 2 87 UPLC-MS/MS [RCHE, IR
MOHAMMED %5171t (4 #0812 11 o 201 25 I B O e 95 e,
FRAE KB HAT P Fh (R FDRe 5 . BRSO R . FRE
PR RGN AR BRI, AR E AR T Lk
11 ZRMIERHE AR BT i B B AR FRR e M. B 11
AR BDT 51 A skyline B4, $0 kB A5 B B4 i 88 1
SHE A, BSIARN Y UPLC-MS/MS, 288 1.3.4 Jrik/pi,
ARl RE 5 2 8, ARAT B 45 IR B T o B 0
AR 1,

it A T ] £ 6T i 45 SR 7™ A= W S S ), AR R RS
JE2 P EUEHIRAS TRy, RST8] 11 D5 M S 36 3R 28
ARG 5 T RN 20 4. 6. 8. 10 h i, fEik
RRE K B 1 B AR FAS e P, 25 R 1 iR, LF Y 6
SRR IE IR B (21 (5 B Ak it Z0)TERGAR 4 h W3R 3] T i
KA, EIH QVL A GSN W 5% Ik B 75 15 ) i KTl
ARV JR, Smam PR, REHRERE, AEE
PENFHEIRBE, 2545 IR AR . A MR Jy 5 )3,
1E#% VDS 1E24 LF FRIERREL, LPN 9 2 S0 FrfiE Ak B (4%
AR 2R TERGIR 4 b ISR KK, BT
Wi AR A GDS KBEME A9 LPN RAERKES, W= Fk4F 1

A2 B-CN. §i4 Al B-CN 3 FAE 1 AMBEAAE IR B (43 51
WO, FOFKOBHRINZ), TEBHE 6~8 h I n] A AR
KT, e o7 5 B R PR, TR AR BIE R IX 3 2%
IREAE AN B-CN FHIERREL . £33 JEFTIEE N S
FRRMIE KB (DL 15 * (0 R B ) ARy TR 83 Rt o P AR
SR, W08 S A ] 6 ho

B VDS @ YPD —®PIH
6c' [ @ AFA ~* PP @ PIPK_
A SCH T
Set F —W—QVL
—®—FFS : v
4etf € GSN ¥ g ¢
‘Eé ~»-GDS ¥ . ;
& 3¢t S — -
4 L *
2¢e e
o
4 [ | H +— ®
le* ‘/ — % + o ; a
3 —F T %
0 L 1 1 1 )
2 4 6 8 10
it 7% i ]/

B 1 11 SRR U B ity i pth £

Fig.1 Enzymatic digestion curves of 11 candidate specific peptides
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535, ABRTEAI I 5T B HBE-0.1% HK | B0 2poNit) 0 PRI
LK AZI-0.1% TR AR S HTRCR . LAFRIE- g '
ISR AN, FRRIKBIET, HEEa: B0
LAFIEE-0.1% F AR K 5 2 1-0.1% T MK A Ry s, 5 Fh {7 B[ /min

FIFR KBS Ay, mpisces, (FURIG & AR R AR [,

4.44
L WO AMT, W L2 —0.1% B ROk S, At oo { Al B-CNI) 1340-1128.8
FEHEZEAS T 5 o FRAKBE ELLF 30 4035 (1 2). g L L

NN s 2.00 3.00 4.00 5.00 6.00 7.00
23 TORRIEMERA (B fmin

IOz VST ) 5 P A 22 51 LF BR sl msof . K4k

2 YR BRIERE AR, H5E S AR R %‘OO{ v P TR
F. GEFNFE 2 R, LF 78 5~500 pg/mL 18 PYAH G 25 2 L. . . . . .
KT 0.99, TEAHNHITEREN, W2 bRifEre dhid B h Y LF - 200 300 400 SEYP S lay’-00
LPN. Al B-CN il A2 B-CN AH I R B AK A RUERE i i A B i i) /min
WHHT A2 B-CN AR REB K TF 0.99, AT LR #4100 - A2 B-CN(K4) 388 746.4>852.5
S F IR (1P 7 LA 2 { k L8
24 FERYERME = 07500 300 400 500 600 7.0
£ B B[] /min

TEFE 1 A5G, 34T 3 DMESIIZKSE LF (20,100
Gl 209 :g/m]:lﬂ’?@qiigﬁ, ﬁ_'ﬁ%% 1 4‘@@)&%@6&5&&1 Ak 100 (py 288 455045551 32
SRR, SNV IR RS WK 2, = { ﬂ 2.60¢°
e, ZER IR, 3 UK LF ISEEAE 89.1%~105.5% ol .
2], AXThRfER 2 (relative standard deviations, RSDs)4J/N
F 4%; BInaiysd-wsssh, LE LPN, Al -CN Fl A2 f-CN
FRE (4 [RISCRAE 84.7%~89.5% 22 8], RSDs ¥9/NTF- 5%; #siinali B2 S o S T
7J(¢Fil]§i3ﬁ¢', A2 p-CN IRy 82.1%, RSD H13.6%, if Fig.2 Quantitative ion chromatograms of 5 kinds of
W3R 3o FREH I DSCR ARG 3 R RAT, W2 Jriham ok, specific peptides

W 7 5 3

2.00 3.00 4.00 5.00 6.00 7.00
£ B4 B5F [B]/min

T2 FERKERZM A IEMEXRY

Table 2 Linear equations and correlation coefficients of specific peptides

SRl AS] LT Ak Ty HRFREG) E R
LF 5~500 pg/mL Y=2639.51X-472.84 0.999 2 pg/mL
LF(W4-1%) Y=366.05X-70.31 0.999
LPN#524F 1) AR B 0%-100% Y=519.78X-315.87 0.998 ,
Al B-CN(Ih 4 4h) Y=4021.81X-2229.13 0.999
A2 B-CN(h 4 1h) Y=3751.22X-368.11 0.998
A2 f-CNOK A1) 47K AW 0%~100% Y=6847.55X-1145.21 0.997 /

T AR METTCILEE AR R T, ADTR Y RAEBEIE IR

R3 ERMRE SRR (n=6)
Table 3 Sample spiked recovery test results (n=6)

Rl 11 AEH i I Bl /% RSDs/%
93 ug/mL 20 pg/mL 110.9 pg/mL 89.4 2.7
LF 93 pg/mL 100 pg/mL 182 pg/mL 89.1 35
93 pg/mL 200 pg/mL 304 pg/mL 105.5 3.9
LF 120 pg/mL 125 pg/mL 230 pg/mL 88.0 4.4
LPN* 37.1% 74.2% 100% 84.7 3.2
Al B-CN(s4)* 15.8% 94.1% 100% 89.5 4.9
A2 B-CN(s4)* 45.3% 62.7% 100% 87.3 4.4
A2 B-CN(KH)* 55.4% 54.3% 100% 82.1 3.6

1 *LPN. Al B-CN(W34R) . A2 B-CN(AA-)FN A2 B-CN(K A=) AR JEAFL WA it ey 2 702 DAAS 1 104006 T -5 <) (g TR R B RAS:
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2.5 FLHI SRR K HE KM A

FIRAS I x i 8 64 iR ZLAN 14 1 FLIAE St ifE AT
R, Horp LF @2l LF bRl dhoe e &, AR A 5RH
A A A K A O bR S AT E M, FREE AT
(EPSSUZ S S o T £ S T I S = e aBof i
LF f1 LPN. 64 i iARzLA 14 M FLGHES  LF & &5 5)
TF 58~217 pg/mL F1 416~1248 pg/g Z 18], [FIZSHES, LF &
WERRR, XATRESZLH & TR AR A 5 FRifleRil
LPN FLA5 ) LPN & it Bt i Tl 2L (81 3A), 4525
FLI LPN PIEAHZEA R AT RN, ATk,
PIH 1 PIP 2 %34 A1 B-CN Fl A2 B-CN F 45 St ik Bt . PIPK
KA A2 B-CN R PEIREL, FRIS PR GIFIE g hoR

A 100 b [ 25%~75%
90 ] HBME~EKE
o 80 — LR e
g 0O M
=
£ o60r
Z 5o ]
é 40 | B -
30 F ] L — %‘ E
2 F
10 i 1 1 1 1 1 1
K K ’5? ’&
o & & @# K ?Sﬁ‘ g;g&‘ ,g;ﬁ*
a7 % <
ot A
FEh
C

A1 S-CN(WA ) REXT W TR %o
3
(=]

& PIH 1 PIP., W3R A PIPK, 30 P44, 3 4
WHIZLA 10 DAY IR T PIH Al PIP, 15 > A2
B-CN 4lifzh-irhep WA H PIP M A4 H PIH(E 3B FE 3C),
A2 B-CN é%izﬁﬁlciz)ﬁtlﬂ PIP [ H (BT PRl 638 2 03 A 8 1
TR, B4 E AR 05 A2 B-CN B F i HE A2 B-CN 4l
WA, X R A2 B-CN RSB A7 T4, R
T A2 B-CN FERA At b2 14 A gk B4,
A 1 ANEOK A% K B 9549 PIH A1 PIP, JL4x 13 4>
oKL T PIH Al PIP, A 1 SR A WHEA K K41
PIPK, Ji4x 13 N1 T PIPK. 14> A2 S-CN EH5HI1 1
AL IR T 54E 1 PIH A PIP, B2 4 B0k h
PR W54 PIH A1 PIP, $E/R&lizK 4R | 4l 240 i) BLSE
PEMEAR G .

B 100.0 [ [ 25%~75%
- 875 I 5/ ME~E KAl
Sé 750 1 — P
¥ 65 O ®¥E
' —
Z 500 I
&+ L .
2 375
5 250 F -
X 125t
<
O - ——
‘l”xéx'@@@@w&%
A R SN
&9 w@\ @ bS KR
Y~
FE i
[ 25%~75%
T /ME-RAL
— PO
O

o
—_—

—-12.5 1 1 1
& «g\f*
v

F:

O ,&@\ $» @&@v

Pl

UM R ER R 1 g FLRBIN 7 mL K phiE BB ZL(ED 1:7) ORI 45 5 .
Pl 3 LM FE S R LPN (A), A2 B-CN(#i4E) (BRI Al B-CN(H4E) (O i1 L
Fig.3 Distributions of LPN (A), A2 f-CN (cow) (B) and A1 S-CN (cow) (C) in various dairy products samples



264 1% A T R A 14 %

AW LRG0 m B 1 4l % . UPLC-Q/Orbitrap
HRMS #1 UPLC-MS/MS $i AR, 25k LF. LPN, Al
B-CN(W32F) . A2 B-CN(A=)FT A2 B-CNOK A ) HIARE K EX,
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