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Methods for Quantitative Identification of Meat Adulteration in Beef Meatballs by
Label-free Proteomics

Wang Zhonghe, Hu Wenmei, Lu Liaoyuan, Li Weibin, Li Xiaoting, Wu Jiajun, Wang Jun""

{College of Life Science and Food Technology, Hanshan Normal Universicy, Chaozhou 521041, Guangdong)

Abstraet In this paper, muscle tissues of pig, cow, chicken and duck were selected as research objects, and different meat
proieins were identified and quantified by data dependent acquisition mode of nano liquid chromatography -QE high resolution
mass spectrometry, and their application in identification of adulterated beef meatball was investigated. Results showed that
gradient elution parameters of nano LC significantly affected separation efficiency of peptides and identification of proteins.
A total of 80554, 33350, 40969 and 32923 unique peptides belonging to 2715, 889, 659 and 1143 proteins were identified
from pig, cow, chicken and duck, respectively. 12, 15, 19 and 16 of marker peptides in pig, cow, chicken and duck meat,
mainly from myoglobin, myosin, albumin, apolipoproteins and hemoglobin, were identified by comparison of basic local
alignment search tool (BLAST) with UniProt database. In data-dependent acquisition mode, 32 of marker peptides from four
different muscle tissues showed high signal intensities and good reproducibility, which indicated that these maker peptides
were very suitable for identification of meat species and relative quantification of meat proteins. Different protein buffers
significantly affected content of protein and signal intensity of marker peptides ( P<(.05), while chromatographic separation
gradients showed little effect on identification and signal intensity of marker peptides. Label-free guantitative proteomics
showed that contents of primary proteins were significantly different in beef meatballs with different price (P=<0.05), and
69.2% of beef meatballs contained pork or chicken, while duck meat was not detected. Moreover, pure beef and adulterated
beef meatballs were easily distinguished on the basis of two-dimensional orthogonal partial least squares discriminant
analysis.

Key words meat adolteration: marker peptides; high resolution mass spectrometry; data dependent acquisition
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( Multiple reaction monitoring, MRM ) J& fii i 5& ) @ dndE”, EEpmER D Z 8, miiEE—
PEMKER R BB F R R E TR E, RAREMERTME T, BNAEFS5 78 RN XHE
SR, & HEEARIEMAgR ER/RME TR, B, MEEREARMAFERENRERE, #E
Bk E g, BEOFEERERK FHZIEGEEEOMNMNE, T SRM HTHESHE
ik, MLLEAEBEARBEETRATI, HiEm MR, BK, BEE il Ep SR,
— WA RE T B R T LA, T SRM R EERRIR, {75 E A A B e
A desh, Erxh. midE s R SRR, B, ML HARE QALY m il R R R
o BB, JURR T -5 4 W R B IS H R (0 QTOF. QOrbitrap) 194 8 UL R A4 4R TF, NHERE
M st gt T AiEE. SRR R4 (Data dependent acquisition, DDA ) J5 202 —FrBlAL ik L =E
P dp e (A0 JL 4 8 AT TR, AR O R A U A AR S A, AT
Bk, mEIhEE P, AP SN ERER £ S, T DDA HREAAEricEREA
S m LT EAWM: MG SR, WP R RN g P 0 AR e S AT s B R
RiEEHEGE, EdgitFE RO AR O E S ECRE RO AN E, EEESN
WEAACE, #RBE e, HAARM g EREoR £, BT # 5T — g 0% i B el I o 7 E &
A7 L0 BB T B0 T B o A A ) B, S AT AN R R AOE Rk AR R B AR
i 10 G 32 B (1) 1 0

EREORAFLEHEMERERATHRAEEOM A, AlaRbndER2MdERide s, FAN
trit ik N RS R AR k. o, R FEbRicin e s S, iR R & B H R bR d R A S E
AW JEbRidEEEARET BB MR F R, R, RS B AT S i, LR
IR R RS, 9L W Gr b S th RS P B G I ZE AR, GRSk, RWRBERAMFELAY, HE
PR R E e AW R, AR TIERF &, BV MRS R . DA, MRS 4 ER
il (S B N AR A R B S E e n B . AT RATZ N, R
il 7 AR PTEERRE I . BRI EECD RSP, HHE T AE AT DNA R g TR
2, HABES, 86w, S0dRE, S FERAPESERmMEN. A, g+ DNA
R E A, N2 ZE AR & R, (G155 85 7ok S e Y dh B TR RS 7 1 4 18 i 7= A= {B PH
g . FE, B iE ek A R — b s R A R =, WS RS &, AR, B
SR PR U v o e ) oA PR O 5 SRR L AR SR P AN R A A - DO R R D T B A
i (nLC-QE) Zr#r AP A EE i, R EEE M RUCRAEAE L (DDA 43 # i ik P ob s R DI
B, ERBNZERNEA, AR S E R PR ERENER G, 8 S R 5 2 A R R LU S
PHER T, RS R e e R S .

1. M5 HE

1.1 &1 55

AT B A, A, BA . MRSWT S, BIERRRAEE. SLmRiamgEH. b
B4R T M E Y, B 64 ARR 100% 4 Pl R

MR . HEE. 8K, Fisher A7]: MURLBEE (JAA) . WIFSREOR. FiERyR.
il FC k. —BEJAPERE (DDT) . Sigma-Aldrich 27 =2 HPREEEPE (Tris) . RE. W
R, A ES. E90aE G250, s, =BPEERPE (Tris) » ST TE (k
W) AMWAR, SbE. B s, BRE W, KR, EKLEY. IKAR. TKLREESHR
SR gR; AR (HPH#EZ182 MQ-em) , I A
12 U EBRIES

EASY-nLC 1200 #FA 200 R . Q Exactive PUBLHFFFUIE B & 7435 14 (QE) , Thermo 4
Al JY3002 BFRE, WRRE-ER 2B AR AT DZF-6050 M B2 TR, T PR EIR
TAEA T ZX4 i8S, MmOF| VELP A5 IKA T25 @iy el IKA 27 T1901 4 4ka]
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WA EE T, RSN EAMEERTEAT; Direct-Q5 4K, XEHFHMEERLF;
SIGMA 2-16P /i E.0HL, PERTS AR E]: Scientz-950E I Ui oL, T 2 VRS
PRZA® s HLB B #FERFE (3 mL/200 mg) , Waters 237 .
1.3 A%
13. RRABRSEBAMNE

L TR B FERRA 1000 g, HIERIEHFUE B, WESBEYIK 5 cmx5 emx5 cm #
SR, NUKFRSRE S °C. Brital iR o 3 WK, @k AR R SN EELE B R 15%,
AR BESR BELE 10 °CRAR, IMAZLE R 80 g, PRkdE 4 g PME S g B30 25 ¢ FEHL, BrdeEll
RN . &2 TFAMETE, WHEMHBEEE 2.5 em EABAE R, A FHBEEETRERA 35 cCREK
Y, @R, fFRARLPCERERE 80 °C, WIIFR., T, FHHik. REMA 15 CRPEE 15
min. A UKEE-20 °C¥%%, &H.
132 EARBESENE

A5 98 AR R R EE SR DIRE, B 0.5 g BESINAN 2.5 mL IECKE, #A 3 min, JEHES min, T 4500
r/min B0 3 min, fREEPIIES. EULL FEE 2 0, HESRTIUEY . A 4 mL ASE R EUE,
WEWIRS) 30 s, #H A 3 min, 7E 4 °CF T 12000 r/min &0 5 min, B B EHS S 6
I RARME R, T4 CFRAEEH. ALBHMRABRBBGREERLL R 38, HREGR 1: 0.3
mol/L KCl. 0.15 mol/L KH>PQs. 0.15 mol/L K;HPO.; f2H# 2: 6 mol/L FEE . 1 mol/L Gillg. 50
mmol/L Tris-HCl; $HUE 3: 0.1% =5l L& .
1.3.3 BB S ARE dith

HL 200 pL 8GEMEL A ALE SRR INASEH 150 pL e EH (0.5 mol/L) ) 2 mL B0
H, WHE 30 s, BIA 10 pL DTT i (500 mmol/L) , {RZIEE T 75 cC/AKB & 30 min, LA
WP EA RN, EEEIAHESE. & 150 mmol/lL MY Z BERE & A M e ikik, Mk
FEN 15 mmol/L, HEA4bR R 30 min. Bfif5, 0 50 pL 4B A EHER (0.5 mg/L, H 30 mmol/L
NHHCO; B2 #) ) R 10 pL S50 (0.1 mol/L) . SEELISBEEMGRRIE 1| min, BT 37 °CKiB 8
f# 12 ho [ EEARTER NN 20 pL FEEZOIE RN, RAEE T=EF 15 min, DAK, EREREER
N1 mL. U1 mL B8Rt i&fbn HLB A, J£H 0.5 mL BB 1% PR EZTHE LT, Bk
BB N, LUERBEBEESIY, ISR 2 mL B 1% PEAREDE. BE. KA 1
mL ZIEAGREH R 1:1, & 01%HER) PP 10 mL E.08 0, AT EE MR
10 min, fERIERESEEPEML. F0 1 mL B SHRBMEETEN 1 k. ME, BB ERSHE P
W, i irarEIREH 0.5 mL MZKKBER (ERE 3:97, 6 0.1%HER) BEiF, Wik
30s, id 0.22 pm FHHLRMER, PN,
1.3.4 BigRRIESITEN

Y KB Easy-nLC 1200 A1 QE 4T LC-HRMS 4347, BKBtLL 800 bar B/ ) EL#E FFEF
PepMap 100 C18 43#ikE | (250 mm=75 ym, 2 pm) , M 300 nL/min JEESEAT VM, HEhH A ik
FUr ¥ 01% P EEACER, WEhH B RT3 0.1% R 80% MR &M, BIERbfEFEm#E 1
Fizs, HEMIEERN 40 °C. - 7YEN nano-Flex #AMEE & 16 AL EE 7 BEEEREN
2.0 kV: BT EWEIRERN 320 °C; RF-lens 5 50%: DDA FHEMR, —HMiE/rHiE 70000, Hsh
#3E HErE (AGC) A 1x105, fAiE ABE (IT) 4 100 ms, FHEEEN m/z 300~1500; — 4% E
HEERATN 17500, HOTEARRY 80 ms, HMIEEY miz 150~2000, FEEEORN 1.6 u. H—1k
FAEEE (NCE) ¥ 28, R HCD, BaEMMHE (AGC) A 1x10%, RE top N ¥4 20,
HesHmEaigE.
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Table | Gradient elution program employed for separation of peptides by nano LC

o B ERE o 2
R W 2/min T E— WEDH Al HEDA B
[N { W] kL 2
2 2 2 28 2
40 T0 100 6f 32
33 B3 113 63 a7
57 87 117 0 100
6l ] 120 1] 100

1.3.5 BiRERRER G 547

WIS EE M E 3 K, 45RO hrE 2 %R, BRS04 8 % SPSS 17.0 {4k k47 — 4
JEatr, ZREEM A Duncan CFHE) KL, F3GACE P<0.05. LE: DDA (45 FH MaxQuant
BRI AT E %5, K0 UniProt _Bovine (17 876759 %% E %) . _Chicken ({17 709277 %
HFF) . _Pig (BUE 709277 #EHFH) . _Duck ({175 842876 %REEFH) BiRE, —8ME
HEFE TR ERZEN: 10 ppm, ST ER A THEEMNE: 0.02 u, BAREAH (Trypsin) ,
SEAERY, WUIBHN 2 A BEUERN AR (C, +57.02150 v) , ATEEAZME 9 P
AN (M, +15.99492 u) , MWEELFhabiE 4 FrREMSEMERRE. dEtidE &R Proteome
Discoverer 2.4 (Thermo Scientific) #ff ) PWF_QE_Precursor_Quan_and_ LFQ_SequestHT_Percolator
{8 i 4 45 f1 CWF_Comprehensive_Enhanced Annotation_LFQ_and_ Precursor_Quan AR 1%, K&
fasta 340 FE S0 fF . — S8 A g % 0 2 8H L, Percolator &5 £ 4T FDR {EHit 5, PSM. HKEZ.
W TR ERE 1%, JEfRidE £ H Minora Feature Detector 45 /{7 failf 08420, Feature
Mapper %5 S k{7 i ve FI L Br S E £ A UL RS, W E LB, RAMEEEZEA 10
min, f/p{EMH A 5; Precursor lons Quantifier 45 5 2F {7 i &5 B4, H Unique+Razor Bk 9 £ 2 7
fEEMmEHITER., BARNBE N =3 (op 3) KBRS RMN, BEEHEE S A SIMCA 13.0 #
17X ot (PCA) R Z4EIE 22 s/ — A5 74 (O2PLS-DA) .

2 BRET0

2.1 R E A R PR =0
PP, FEA. WSPA. WP 4 Fhall R L AN Al A R AL P AN R B R SRR, IR R S FhE A
TRARELH, EHE S EREENEEasE, S85nE 1 R,

. oM mHEENEr  DHEEES

w O
5 [
- e
4 5

4 -

b

3 F a

h a

1.

0 " i

i M ) ik,

H&
ik EhFE—FeibsE AR S iR E R 8%, p0.05

B 1 R ECR) A A [ o b o I e DA ) 8

Fig.1 Effects of extraction buffer on efficiency of proteins from different samples
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e 1 e, SRS R LIRBGTC IR EGE 3, MREGE 2 Ky, BERTRIGE 1 fRBK
B, XEFEREHTRIGE 2 PINAT—E28&ORE, EIEORDZE, ABTEORMER. aif
PRI AL RE it B e A R R BRI 2, TARBUGE 3 Rz, BE&S A T i EE & b & A R 4R ISR,
AgRA TR TSR EORAEEEE I, FAEZIHEHA W, AR THEARME
. Hitk, JFEEPHEHRIGE 2 EEiAMA ST REA R, 78 A& 5 e
6] 3.5 min A A EASEE 3 min, X5 SARIE TR 126 P 8 B $2 BB E F T P ai op 1 B FR R
FWE ST 4E R — 2.

22 BABRMSIEESR

ATPRFE AR IR iAW 2 IR, BEAR)SIE HLB H, KH nLC-QE & 4> ¥R s o 8y
TR AR B RS AHE 2.0 pm BRI SR, B E AN SRS, EEEMED
TS TR RE BRI, B T G F R B A S T R R B 2R, R AN [ o R 1R 43 1 B
JoF 563 AAF S0P O MR AT 0 b, MRS RN 2 o, AS[RIERR 5 B A EE T N A R B O R R
WEHBERWE (P<0.05) , EEBEHERN 120 min B, %3 0E QRS R REBREEE,
A (el e ot Aol 5 o A () o J Sl ) R A B % L A 55 5 e e AN DR AR 0 8 S A S e B Y R B BN TE R
AL R, RS BRI Y b g B RS GE B 80554, 33350, 40969, 32923 &UFRMEEAEL, HAIFEBIMEE.
it A E I RE BEMC A M REEBE, BEELHEATECH 2-7, XBERBERAKY BB T+ 2715,
889, 639, 1143 FHEEAN, H53CHR[12]8 99 F 400 A8 8% - DU fi 4T S0 B BT vl v e S S M B &
a2, T T SCHER (137 SR R e A i - AT ] R SR S R . EA RS ERNEN
R B )T P R s R, AN [E] 30 B 0 4 8 H R BR 015 S o I e A i sh AR E N, WA 2 B,
SRFRZFEMBEEMER MR . dbnlh, JEbad e B E A A AR S E B 00 & 6
AW A, TTHTFESRK.

22 AR BRI DI A AR 1 2 MR e o L B 1 RO R B B

Tahle 2 Identified protein numbers and peptide numbers from meat protein hydrolysates separated by different gradient elution

HFh it HE 6 FE fmin EEr RO For e
60 13524430 416123147
A 90 201948 8361£7150
120 229441090 11969+1733¢
60 643183 28124155
SR 90 (RS 4265368
120 7284120 4505304
6l 403581 281821100
A 90 534456" 4997 6707
120 5464250 S454+]1450
60 RB3d+150 26372149
54 90 902+53 3589:327"
120 947+05° 42165820

e A (S AN R HE T S Y S o R B R A RS AR SR A R E R, P20.0S.
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Fig.2 Abundance distribution of meat marker peptides separated by different elution gradients

23 HIERKIRIES £5
F 4 B4 ST 120 min B 5 SEGE S IGE 5 W, ] MaxQuant B {F % B EREAE G,
%5 58 3 (19 Bk B #E4T UniProt 1) BLAST 8%, 4 8l4% A R & P b R IERRBL, &5 Bk 3 .
F23 FRIERCE IR R At

Table 3 Source and characteristics of marker peptides

BHEF miz (Wi

SFHERL B HekE UniProt 535 o) {1 @] /miin i
AAENTIVVVAGNK B EESSER C, PhidEd P16412 643.35924(1.7) 20.0
AAIAQAGYTDK B4 1 PO7332 554.7858%(0.9) 14.8
AAPQFLTPLVDR MIRFEESEHED C, thiks P16419 664.372124(1.3) 331
AVNEMGEATTECR MEpEEE&EN C. ks P16419 T34.3138%(-6.0) 16.6
EGGALPAEVQTR kRO S&ED C Pu P16419 614.32067*(0.9) 18.9
GLEDQOQVVVGDR IEEREEHSERED C, thiEl P16419 657.83667(0.91) 28w Gallus
LGFSEVEQVOMVYVDGVE AL AR Al M B2 PO036S 9324797(2.3) 415 gallus)
LSVEALNSLEGEFK HIL AN MR PODS6S T68.401TRSH-0.7) 301
LVVELSDFDLPLK Bk EEHSED C, Pk P16419 719.41416%(1.4) 35.6
NGOLLKPSTK kS ER C, iR P16419 543.3193+(2.3) 0y
NLTEEMAVLDETIAK MR E ek, W P13538 838.9242*(2.5) 41.1
NSVEIGADPK AlEEEE SRS C, fhiEl P16419 515.264224(2.1) 14.5




TREEE dFEmidEadAFEENTFRAPREBE T ETR 7
0 3 T p A A At BTh

SFLEELLTTQCDR E”‘ FE R 2. AL PO260 870.43532°(1.3) 41.6
SPWETEQVDETYVE WILER AGBMTI 855.89657'(1.5) 8.8
SSEGNVLQAFK MapEEHSEESER C gl P16419 590.303974(1.6) 258
VAGAALPCAPAVK IEEEE SRS C. thEdy P16419 612.842124(0.7) 22.2
VMIEMDGTENK I Y POI7322 633.789427(0.8) 221
VVDVPDPPQSVR PEREA SRS C, P16419 654.351324(1.2) 229
VVERPGPPQAVR EREE &SRO C, P P16419 652.87582(-0.8) 14.6
ALEDQLSELK ek S -1 QUBE4]} 573.3061%7(0.2) IR8
ALPAAAIEGPAYNR AR ADAICOEIX3 T07.3779%(1.T) 26.6
DLADEVALVDVMEDK L-FLEE N A A G P19858 831.40067*(-0.3) 46,5
DOLIOQNLLK L-JLEG NG SRS A B P19858 542.821724(0) 34.5
EYEATLEECCAK HEE AQAL40TRIT 653.361724(1.3) 219
EYEATLEECCAK HHEE ADA140TRYT 751.81146%(-001) 16.]
HPSDEGADAQAAMSK LT B2 ADATKOFUF3 766,84352°(-1.3) 22.2
HPSDEGADAQAAMSK ML & e ADATKOFUF3 774.84107*(0.80) 15.9
LIAPVAEEETR L-FLEEN IR B 8 QSE9BI 614.33267(-001) 219 H(Bos
LYQGAGGPGAGGFGAQGPK 70 kDa # 4T H T 1A Q27975 845 42082(-0.3) 241 fanries )
NALAHALQSAR ki E-7 QUBE39 576.3176(0.3) 203
NALLQAEVEELR Ak o AEE 15 FIMU39 692.87522(-0.4) 3.1
SSGTSYPDVLE o 2 S 1 POOT60 577.2004%(0.1) 232
VGGHAAEYGAEALER METH ]  FHE PO1966 T65.3T08*(1.2) 221
YLEFISDAIIHVLHAK M EH PO2192 9350071240y 46.0
GEPGPAGSVGPAGAVGPR 1 B a-2 6 F1SEAT T66.894474(-1.1) 21.4
IVDELTIAESNCPR VI B a3 B QITTA4 S08.901124(-0.4) 30.6
TSENAVVVVAGNK nEksb&HEA C2 FIRH20 64434382 (-2.3) 214
VGGOAGAHGAEALER AT HE ) o JEHE P(1963 T1LB5T8-1.5) 15.1
TSGGAGGLGPLR HIL ) 26 5 PO2540 521.78662°(-0.7) 35.1
HFLEELLTTQCDR B ik s ADAAX I TZMO 831.30012%(],2) 40,7
GHHEAELTPLAQSHATK WL H PO2189 GO 64407 (-(16) 24.3

FE( Sus
AGTESVPELSSGLELLR WSS ER 3 AUAZETRPKA B63.4748240-0.5) 826 serofa)
AVEEVEAPPAAVPK AILERH ) X6 ADALROSNIS 703.881424(0.4) 37.2
AITQDLPGLLGSLGLGEK M G PR ES ADA4XIVRP4 826.98367°(0.5) 95.8
SGEGKPEGAGELDFSGLLE AHED AQA4XTVUZS 945.979377(1.3) 495
SALAHAVQSSR Hak & -1 QITVE] S63.80282(0.7) 25.6
YGVSPPLVSADY VAK WLE:H ROKHCY 731.4167(3.9) 276
VNVADCGAEALAR ML K f EE: PO2115 673.3301%4(0.3) 24.6
VIILDKPGPPVGPIR AL S 1y ROK6CO 524.327524(0.4) 27.7
VAGHOQEEFGSEALQR MERKE a-D F 5 POTO35 829.4001*(0.9) 19.7
TYFPHFDLSHGSGQIK MEALEE oD T3 POT035 917.44967"(1.2) 20,1
DILVAPEIDLDVALR Al EE ROK6CO 826.46607(-0.1) 453

it

LADNLDTLGAAAAK ﬁﬂﬁiﬁﬁ A-l (42296 6?2.3619!1'0.3) 22.6 {Anatinag)
TYFPHFDLHPGSEQVR ML HE Y oD TF A POT035 965.466377(1.3) 684
KVAAALVEAVNHIDDIAGALSK U4 a-A TR P22740 1103, 11605(0.8) 334
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