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Abstract: Differential proteomics was used as the basis for theoretical study, while high performance liquid chromatography tandem mass

Chromatography Tand{w Mass Spectrometry

spectrometry (HPLC-MS/MS) was employed to identify and quantify beef adulterated with pork and chicken. First, polypeptides relatively

specific to beef, pork, and chicken were identified using a high-resolution mass spectrometer (nLC-QE), followed by product ion scan to

determine the specific ion pairs in the three types of me se specific ion pairs were then detected in the beef adulterated with pork or

o

chicken using HPLC-MS/MS in multiple reaction monitori

ode, and a qualitative study was carried out using nine, eight, and seven
quantitative peptides from beef, pork, and chicken, respectively. The results were compared with those obtained from polymerase chain reaction
(PCR), and the results were found to.be consistent with each other. Chicken and pork were blended in beef in proportions of 0.5, 1.0, 5.0, 10.0,
and 25.0%, and three quantitative peptides.specific to each type of meat were selected to perform the quantitative analysis. The linear correlation
coefficient for each quantitative ion’ pair was more-than 0.99, and the limit of quantitation was 0.5% blending. The results showed that the

HPLC-MS/MS method can qui d efficiently identify pork and chicken in beef, and can be used for accurate quantitative analysis.
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Table 1 Sample source

#REY 55 AR A
1 AR R b AAAT E A AR AL A R )
A 2 R V9 )1 B AT A B A AR AT RN B
3 F5 L JERE TR TR E) LR 408
1 4R FTAL KR @k B vs BAa g R W R A PR
A 2 AREAEF FIEARELAHIE 4 ;
- 1 Xy 7 FTAL R @k B g B

2 FRAKLGEL

&A% JE i A AT TR

JREE ARG AT (3EE Promega A F])D), i
THEREDTT) NG (3E1E Promega AF]D; LMt
HZ(IAA) S =T CBR(TFASI A (3EEH Sigma 2>
aD; . 4 (HAC) K4 (ACN) ¥k
ali (f#[E Merck ~w]); HLB [FEAHFERE (32 waters
NFD PRE BIR L ERERS N M Al (i E 254 [
WA FAR A D .

HEBERE AL ¢W$ﬂ%%ﬁﬂﬂ@§é?$l§lfif@ﬂ%é\
W 1.

1.2 & 5#%

TRUBIH &7 % % 4t (3 [H Thermo Fisher 2 7)),
it EasynLC 1000 YA R4t A1 Q Exactive HF Jii i
B VR =5 R IR AT 224t TSQuultra EMR 7
FHETE- TSR (3B o Fisher A#]), FiA

J(ES BRI 258 4

>

20PR-520055 Lo F A Hifachi A5
13 SHhre

13.1 H&H &
FEREI =20 A BEAEAIRRER.
EEREG HERIFREL 2 g SHERIRE, DA 5 mL
FEEUATR (0.05 mol/L Tris-HC1, 7 mol/L JRZ, 2 mol/L
R, pH 8.0), VK/KIB F¥IF, FHELL S mL $2HUAR
HER Tk, ARG IRIE, 4 °C. 12000 r/min B0
20 min.

Wi H_E IR SR AN SR T

i, BHGEE BEW, N DTT 8, e GRE
W DTT B 8.5 mmol/L), 56 CHR% M 1 hs
B EIR T, IMNTAA VW, IHEIRAT (I TAA

E@i&fgﬂalom/u, AL SN 30 ming HUHY, O
TT AW (B W 5 mmol/L), BEAL M 15 min;

JON 556 FERBAAR 22 (25 mmol/L Tris-HCI,
pH. 8.00; &M R /R FI B 50/1 HI LU IR
HEEIETR, H7 pH N 8.04 37 Cid i s

Brih: EFIR)E, F 0.5% TFA 75 pH<2, LA
LRI IR S 50% /7K FH 0.1% TFA
1L HLB AR, R, ARIH 3~5 AR
1) 0.1% TFA. 2 et 0.5% HAC ke, < J5H]
1 mL. 60% ACN+0.5% HAC ¥Efit, i 0.22 pm JEfE,
oo

132 S /masms?
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%= 2 nLC-QE RENtE RS BRIz

Table 2 Mobile phase and elution gradient program for

nLC-QE
t/min Aphase (0.1% FA) B phase (0.1% ACN)
0 97 3
2 92 8
48 78 2
53 60 40
55 20 80
59 20 80
61 100 0
65 100 0

GAkRMF: Ca ik, 4R 75 um, FEENAHAHE
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FEE B W3 2.

FRIEAAE: BEZHE 2100 V, BAIEERE 275 C,
Full Scan 73 ##% 60000, 45 H2 350~1600,
AGC {54 1E6, IT BfaA 50 ms, —Zi43#H, topN A
30, 43834 15000, AGC {H24 1ES, IT i [H]y 60 ms,
NCE 4 27,
1322 Hdoair

F Maxquant X} RISERE ST 1 JAEFR I E & T
R B % Uniprot 421, 2 IRVINAWN 2, AT
A& Hi2A Oxidation (Methionine), Acetylation (Protein
N-term), [ &1y Carbamidomethyl (Cysteinine)s.
AR RARE T RARKE (I=L), peptide for
quantitation 16+ all. HABMZHN Maxquant BRIME.

133 RRBEA =& B BEARAT R A7
1.3.3.1 AUBs4Mt

i F: A HE Hypersil GOLD Cig (2.1 mmx
100 mm, 1.9 pm); ¥ 0.2 mL/min; FEiF 40 °C,
FEE 50 pLs JBhAH KA EEBE RS 7 2 3.

JRiE A W5 LR 3500 V; #5538 Arbs 4l
15 Arb; EFEHERE 275 C; B TFEFHERE
380 C; RN 03 s; SN 1.5 mTorr; Q1

A Q3 73 HERH 0.7,
7% 3 HPLC-MS/MS SR ahtE Kk B it B AE
Table 3 Mobile phase and gradient elution program for

HPLC-MS/MS
t/min A phase (0.1% FA/H,0) B phase (0.1% FA/ACN)
0 97 3
0.2 90 10
16 60 40
17 20 780
17.5 20 80
18.5 97 3
20 97 iy
1332 EMESHT
il nLC-QE & 4= Al R Ef]
I Ik, ST 2 RS BB S R A

EE, ARBRENRET R, BIZRETESA
HPLC-MS/MS#, T4 ], J Al 3 A1 43 3147 MRM
F, kxS AR T () PR BE BT TR e S 56 5
CHEEAN R R S B TR AT R, DA SE e M
TERES TR AR TAHE B LR 4.

4 A, EREISE MM EESH
Table 4 MRM parameters of beef, pork, and chicken

KBRS FE5T FTBaT BT FEL PR i iR BTN IERE T

475.76 608. 32 8.53 + 19

beef 1 475.76 709.¢ ) 100 8.53 + 19
475.76 80895 ~ [/ 35 8.53 + 19

582.67 494.56 14 8.83 + 23

beef 2 582.67 595.67 17 8.83 + 23
952.04* 100 8.83 + 23

407.53 28 11.28 + 26

bee 563.71 6 11.28 + 26
662.84* 100 11.28 + 26

681.78 446.52 80 14.57 + 26

beef 4 631.78 674.77 64 14.57 + 26
681.78 787.92* 100 14.57 + 26

74437 446.52 24 8.64 + 29

beef 5 74437 604.68 43 8.64 + 29
74437 760.86* 100 8.64 + 29

784.86 425.46 65 13.24 + 30

beef 6 784.86 554.58 30 13.24 + 30
784.86 717.75% 100 13.24 + 30

831.92 52259 45 12.64 + 32

beef 7 831.92 621.73* 100 12.64 + 32

HTR
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831.92 736.81 25 12.64 + 32
902.01 487.53 94 11.30 + 34
beef 8 902.01 558.61 87 11.30 + 34
902.01 744.77* 100 11.30 + 34
1023.10 449.48* 100 11.46 + 35
beef 9 1023.10 520.56 48 11.46 + 35
1023.10 736.75 40 11.46 + 35
470.75 496.58* 100 3.72 + 19
pig_1 470.75 611.67 38 3.72 + 19
470.75 698.75 36 372 + 19

536.78 587.65 25 7.13 *

pig 2 536.78 644.70 100 7.13 +
536.78 830.91% 52 7.13 + 22
547.32 487.62* 100 846 22
pig 3 547.32 624.75 36 46 T 22
547.32 737.91 56 8146 + 22
658.21 416.50 15 6.44 + 26
pig_4 658.21 602.66 6.41 + 26
658.21 659.71* 100 44 + 26
676.81 407.53 + 26
pig_5 676.81 520.69 41 11.32 + 26
676.81 847.08* 100 11.32 + 26
717.86 559.72 28 15.07 + 28
pig 6 717.86 672. 27 15.07 + 28
717.86 117 100 15.07 + 28
879.98 484, 34 8.94 + 33
pig 7 879.98 680.86 5 8.94 + 33
879.98 777.98% 100 8.94 + 33
941.60 475.56* 100 18.39 + 35
pig_8 574.69 22 18.39 + 35
702.82 28 18.36 + 35
\ 609.67 418.43 18 9.93 + 24
(hicke 609.67 531.58 25 9.93 + 24
y 609.67 727.83% 100 9.93 + 24
71837 448.45* 100 8.00 + 28
chicken 2 71837 549.56 29 8.00 + 28
71837 680.75 70 8.03 + 28
783.40 498.56* 100 5.60 + 30
chicken 3 783.40 629.76 Iy} 5.60 + 30
783.40 972.15 58 5.60 + 30
794.93 407.53 80 10.49 + 30
chicken_4 794.93 520.69* 100 10.49 + 30
794.93 664.82 74 10.49 + 30

HTR
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BER
812.36 502.59 72 6.95 + 31
chicken 5 812.36 617.67 46 6.95 + 31
812.36 817.87* 100 6.95 + 31
833.91 506.62* 100 7.33 + 32
chicken 6 833.91 634.75 10 7.38 + 32
833.91 781.92 5 7.36 + 32
1061.71 505.59 4 13.71 + 35
chicken 7 1061.71 576.67 32 13.69 + 35
1061.71 689.82* 100 13.71 + 35
E AR TEAMFNEER T,
1333 EESHr IAA WG58, HAofdmes&n s A
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Fig.1 TIC and MRM chromatograms of beef, pork, and
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chicken beef 5. pig 4 5 chicken 1 =/ NTETHIEFEET
#: al~a3 # Beef 5, bl~b3 3 Pig 4, cl~c3 # Chicken_1 (ﬁ&
PRI, A BT B 3 x o
2. S5 B 2% .
M, EMEARAMATA, EkE, wmm N o RERREUR

BRI ROGEK, DR A 0 B

ﬂ”%)% P22 ISR EON: 18 339 2%, K 426 7%,

ERCR AN
LRI IR, B BRSNS T Al

oo = H ARSI A 73 FE AR, A

BRI, (E R E B,

e S SRR

T HE &R, Fe nLe=QE KA MEHE N
£ HPLC-MS/MS 1, WHBAERAE it AT € 1 L e )

*5 EENMERNEFIHE

&I

13,1 PHIRE SR T75, Rl & a4

Pl JERIRIS A 2 IR, SR I8R50

0.5. 1.0+ 5.0,

10.0 }%2 25.0%H

teplETIR S, A

MRM 3§75k, 20K 4 EPE’J%?"”'J&E%HE?‘FD
SER. IR 5 T, Pk o A TSR
RAF, HAMARREEIER) 0.99 LLE, &IKATLLE
B 0.5%HIEAMRGAEBE, REBZER.

BARL&MERR

le’5 lon-pairinformation for quantitative analyses and linear relationships

i EHT BT K42 KA X R 5
547.*2 487.62 624.75; 737.91 Y=4423.08+18281.6*X 0.9976
717.86 1172.40 559.72; 672.88 Y=74645.5+141367*X 0.9962
879.98 777.98 484.61; 680.86 Y=-8926.05+50892.1*X 0.9986
Chickerrjl 609.67 727.83 418.43; 531.58 Y=-5562.16+209382*X 0.9993
Chicken 4 794.93 520.69 407.53; 664.82 Y=3894.05+3280.42*X 0.9996
Chicken_6 833.91 506.62 634.75; 781.92 Y=5971.12+1928.28*X 0.9957
Beef 4 681.78 787.92 446.52; 674.77 Y=51414.4+9157.87*X 0.9998
Beef 7 831.92 621.73 522.59; 736.81 Y=45274+5724.16*X 0.9988
Beef 8 902.01 74477 487.53; 558.61 Y=-75716.2+5171.49*X 0.9992
24 oA s, Wk 6, HARAE & 1R R

N T BT EMERRTE R PUT I, A

90~125%

BEANASINTS G, R HTHE . XSRS

FAREIFRE T RSz R =

PUTIURES 58, AT AR T2 A AR 3 PRI ATXG A ) R B
AL o

RO SRR R A RIS — S I LEBIRRRE, SR 1.3.1
WIPEREATRE R4, AR 5 IZRIERTH 2% PRI
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Table 6 Percentages of all ingredients in meat mixtures

RAP FL A% PRER AL/ Yo EIE /Y% IR Y%
Pig 3 1.22 12220
1.0 Pig 6 1.16 115.80 115.70
Pig_7 1.29 109.20
Pig 3 6.13 122.60
Pig 5.0 Pig 6 437 87.42 104.40
Pig_7 5.15 103.10 | 4
Pig_3 10.72 107.20
10.0 Pig 6 10.05 100.50 105.10
Pig_7 10.77 107.70
Chicken_1 0.67 133.40
0.5 Chicken 4 0.51 102.40
Chicken 6 0.45 90.'604
Chicken_1 5.66 M)l —& /8
Chicken 5.0 Chicken 4 453 9060 108.30
Chicken 6 6.06 121.20
Chicken_1 2.54 25.40
10.0 Chicken 4 9.35 9 104.80
Chicken_6 .54 9
Beef 4 20.88 83.53
25.0 Beef 7 25.58 102.30 91.02
Beef 21.80 87.21
88.24 103.80
Beef 85.0 J 8980 105.60 104.50
< 88.56 104.20
Beef 4 93.86 96.76
97.0 Beef 7 102.82 106.00 100.10
Beef 8 94.50 97.42

TN SRR I, — Rl

VAL RSP A, JF S PCR &5
REAT A Ly BT 2450 PCRI i EBAIE AR S, R

PEA B UE R ZRAT R A AL A € AR,
DL, S0 SE Bt (0 (A € PR THT 5 PCR H#E4T EE
Xt
AHALAI PCR HARAE PGS A RERLA T
Bt CRRHGE) HIF AR R KARSCHE /T S0IE, 4418 1
RTTER R AR HAT 08, AR S, F
FZERIRGY S 124555 PCR Kl Sh SR SR R 1) #1552
2F S OO NI bulibpity il SO D A C o
(IR PRI -2 P AT 2 AR PR JEURHR XU A AT
B D, H—RFRT B2, FRTRREER &
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3 g

AR | P T 2 R B U R A,
500 JoE 8RR R4 E) HPLC-MS/MS
R A ERC TR XSPIAIZERIP) 8 7 A1 9
HEE R M B X e % 3 dE BB T, MdlE R
BT R RIE 099 PLE, RIEEES 0.5%
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PCR MZEVCARRT, VLRHZ A2 AR T4, &8
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