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Identification and detection of goat and bovine milk peptide marker based
on liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the identification and detection of goat and bovine milk peptide
marker and quantitation of bovine milk in goat milk based on liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Methods Samples were determined by nano liquid chromatography-tandem time-of-flight mass
spectrometer (nano LC-TOF-MS) after tryptic digestion. Peptide markers were screened by data analysis with
ProteinPilot™ software and UniProt protein database, and searched with blast. The samples were identified and
quantified based on high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) with
peptide markers. Results The proposed method had good linear dependence for bovine milk in goat milk from 5%
to 50% with correlation coefficient > > 0.99, the limit of detection (LOD) was 1.5% and the limit of quantitation
(LOQ) was 5.0%. The recoveries were ranged from 85.2% to 114.0% at 5%, 20% and 40% spiked levels, and the
relative standard deviations (RSDs) were less than 10% (n=6). Conclusion The proposed method is fast and

accurate, which is suitable for the identification and quantitative detection of bovine milk in goat milk.
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FET U, ASBIETE R TG T WROAH €33 - 53 356 A I 1) J5
%1% (nano liquid chromatography-tandem time-of-flight mass
spectrometer, nano LC-TOF-MS)F =3 SRR i - £ B o 1%
¥ (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS), #iii H 2 2L A4 2L FRAE IR
B, NN R N A R AR L TR, R
Lt s (4 117 3 W B R R S

1 #MR5RE%

1.1 MRS
NG . WER(Tig4l, 2518 Thermo Fisher Scientific 23

il

H)); IR . MU S B . ZHRIREE (LI = 99%) |
¥ % B B (13000~20000 BAEE  units/mg, 3£
Sigma-Aldrich 2\ w)); S3% K 4K,

FIM . AR E TR

Triple TOF® 5600 44 F+ AR €31 - 5 B 6 A 7 Asf i) J3 i
(32 AB Sciex 24 1l); TSQ Quantis™ Ry AL €1 - 3 1k
SR FH AL (35 [ Thermo Fisher Scientific 2% w]); BF260 %l
R PV I 45 9546 (5[] BINDER /A F); 5424R 14 R B8 0o HL
(%1% Eppendorf /A6]); QUINTIX224-1CN Bl J7 43 K-
(i FE B R 23 5] ); Milli-Q B4l /K HL(3E E Merck 23 8]).
1.2 XWHE
1.2.1 #HSara

FREL 1.0 g FLHF 50 mL RO, INALIKESR
£ 25 mL, WHEIRA) 60 s, MBI A WA HUL L
200 uL F* 1.5 mL LoBind ¥}, BILA 150 pL B2
A W (100 mmol/L) . 10 pL B 75 BF BF I8 W
(500 mmol/L), JRAJJGE 57 °C/RJM 60 min; B ZEEIR,
HMA 30 pL WU 20 BE R 9 (500 mmol/L), AL 30 min;
FEIIA 50 pL 5B L (400 png/mL), FE/MRSI)E,
BT 37 °CH#Hi# 4 ho ] 10 pL HERIRAIZ UM, A
500 uL ZJEER, WIS, 12000 r/min 2.0 5 min, B [
TEWTE, A,
1.2.2 nano LC-TOF-MS &%

(D AR i 4514

7% Kinetex Cpg (50 mmx2.1 mm, 2.6 pm, &[]
Phenomenex A #]), sl A: 0.1% (V:HBR-/KIFW, i
AR B: 0.1% MR- CIEH W (V2V) o WARRS JEE e LT -
0~0.5 min, 98% A; 0.5~4 min, 98%~74% A; 4~5.5 min,
74%~50% A; 5.5~5.7 min, 50%~20% A; 5.7~7.5 min, 20% A;
7.5~7.7 min, 20%~98% A, ii#: 0.35 mL/min; FEAEARF:
5 uL; FEd: 40 °C.

Q)4

T E W BR, SR 30 psi; fff#ES: Medium;
BB R 5500 V; JRIREE: 550 °C; FALA: 55 psi,
B 55 psi; HRET R A5 BARHARAE TR,
1.2.3 HPLC-MS/MS 44

(DA s 41

o 3%+ Hypersil Gold Cg (100 mmx2.1 mm, 1.9 um,
5[ Thermo Fisher Scientific A #]), FahtH A: 0.1%H fR-
KW V:V), sl B: M BB YRR )T 0~1 min,
90% A; 1~2 min, 90%~74% A; 2~3 min, 74%~50% A; 3~
5 min, 50%~5% A; 5~6 min, 5% A; 6~7.5 min, 5%~90% A,
7.5~10 min, 90% A, i#: 0.3 mL/min; PEEEAFH: 2 uL;
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Ji: 40 °C.,

Q)i 5%k

HLIESS 5 1R I B X, WESSHE: 3500 V;
B 40 Arb; B 5 Arb; B FAEHIAERE: 300 °C; 2
PR 300 °C; HlE{E<: 1.5 m Torr.

2 HRED

2.1 FHEMRKERIERE

FRIE K B 8 15T A S 7 A 1 BB 5 A AR 1 BT
P74 BRAAT IR BT 41, L0 B ) 12200 1L 8~25 A4~
ALK IO IR e ik, EIMER, A% kA PIEg
WYL, RUE Ve, AN S ATEAFTERIREBE; HA R
PR 15 o

AHF5E R nano LC-TOF-MS X R 5 (RE b EA 743
i, 138 — M &, R UniProt 2 (1 8 2 - 46 5
FAMEFL o-FLE L B-AIRE AN EERITI, K&
SEFR Y SRR TR 45 R — A3 A ProteinPilot™ #k
P, O R A0 T A UL Aol R 0 LG 100 A N B b 3
ProteinPilot™ X AE i o (19 I A5 Jk 4344 BE B 52 14 S g
FAF RN R T I AT R, ARAT 2R LR AL TR TE
FRAEARE o T AERAE IR BELE 52 1] 1B G AE MRS Borbos
(National Center for Biotechnology Information, NCBI) % %
FH#EAT blast 7387, HEBRAESE PERREL, (R BERFERREL, BE
— B RE AR . 2 8 B SE T & blast Z3 4T,
FAFLMFE R B F B IR 1.

2.2 BREHRMEE

DS, PRMAS BE 3 B RRAE IR B P 5 2 1) o M B ke
W, Pefb)E i MRM S RESENZE 2. FAFUREK
Bty MRM 42 EUS i B WL 1o E2URE S, SERURAERR
Bt GM1 (goat milk peptide marker 1)Hl GM2 (goat milk
peptide marker 2)HH R, H TR 3501 0 4 LERE BRBE
BM (bovine milk peptide marker)ft¥J 4700 £5#1 6800 fi5. 4
FUREAL P, BM HHIEHI R, HIgmRLS 502 GMI [ 6400 fif
1 GM2 11 3200 £, 45REH, £3L. FFWFHEKRER
RSt
23 JERIE
23.1 LMXFRfEER

B A= FUA o S IR B R EON 5% 10% ., 20% ., 30%
40% . 50%1 L BR-ATEFFUb b, RIVEPRERNZ . A7k
TE 5%~50% BN, M XRRIF, T RBRR
Y=48297.6X+11342.9, HIXFREN 0.9997, LL 3 f5H1 10 %
R LU 2 L AL AR LI B IR AR R 1.5%, & &R
) 5.0%. 45 H G SCHRE R - S R 4G A R R 1Y
KA
232 EREAeEHE

TEEFUR R 23 SIS S R 5% . 20%1 40% )
AFU8, RAAREI R FATIE 6 IR, FETHEA AR Bk
ORI AR ILFR 3, P BIRh 85.2%~114.0%, &
WENT 10%. U2 e . iR . T4, Rt it
WE FFL P B A A 2L

®1 FHIMSAEKER

Table 1 Peptide markers in goat and bovine milk

o ates _ Yol EAEEA N BB 41
A7 2 H 9 2 FLRRAE RS, T Xcalibur 2R 7H7E — =
HPLC-MS/MS ¥ & | ## 57 2 2 h I I (multi-reactions £ «AREH FLDDDLTDDIVCAK
monitoring, MRM) 0, HEEE T, kBBl IE | flfde B-FLERER LAFNPTQLEGQCHV
TSR IR S, LR B W BRI . W B, 4 o HLHEN DDQNPHSSNICNISCDK
43 a-FLIAE ORI Ik B DDQNPHSSNICNISCDK ] p-ILRER LSFNPTQLEEQCHI
#2 MRM FRiERESH
Table 2 MRM mass spectrometric acquisition parameters
s a2l PR B3 B[] /min BB F (m/z) T8 F(mlz) FERHLE/V T L /v
921.4 299 26.52
GM1 FLDDDLTDDIVCAK 4.69 820.5
1379.5 299 27.58
600.2 299 27.96
GM2 LAFNPTQLEGQCHV 4.56 807.5
842.4 299 27.58
928.4 299 29.68
BM LSFNPTQLEEQCHI 4.66 858.6
12545 299 30.06

: GM: goat milk peptide marker (GEFLAFAEJIKEL); BM: bovine milk peptide marker (4-FLAFAEIKEL)o
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Fig. MRM chromatograms of goat milk (A) and bovine milk (B)

R3 IR A E RS E IS EE (n=6)
Table 3 Recoveries and precisions of peptide markers of
bovine milk (n=6)

fipei IR KR

24 FENHA

i RS AT IERS 25 BT i b BER LRI Fi 62 -
FUBTHEAT TAGIN . 25 03 FUA ARG I 25 SR 2 S5 HR 28 W /R S

W B9 / 0 :
" " " RHAAF . Jorh, 17 63208 b SR B0 LR AE B
5 85.2 9.56 8 13 FLA [ 4G 3L R A LR RHE IR BE, A D45 2R DL
51 st 52 25 A A A A7 7 2 AR 2T 4 v o
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Table 4 Detection results of 8 market goat milk powder samples
HEf BORE P A & FLI O FFLER S %
BORSILBC T Yk EMAFLIE R . IR RS 64.4
BB LBL Iy 3Lk I BERALERCE) . WAL EIBCF) 57.8
4 JLBCTT 9okt WREEFLIER(CF) . BRIk WAEFLEEAR () 69.2
4 JLRCTr Y5k IRERAFLER . RNRTEY . AR FLEE 65.3
4 JLBCTT 30 R BERTLER (R . WA FLIEB(F) 54.1
FWhky 2NEFEFR . RERFLES . FLFEOR 41.9
Fhky RRREFN . BRI . FLIEE R 435
RS L) 2NRFEFR . RIRFLIE . RS 39.8
3 & i A a-FLAE A RHERBOR 1 A p-FLERE AR AERREL, i

SCARFURE LA RN L . ARERM, 12T Y

AWF5E X F§ nano LC-TOF-MS F1 HPLC-MS/MS #H %5
A, LA 1A o-FLAE AR, 30 1

FHIE KBRS E B S ELr, A 507 A AP Rl i) e el i
FAYEBLG: . FRL R B AR IR ERIR N 5%, BT
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