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Identification of fresh and frozen-thawed beef based on ultra performance
liquid chromatography-quadrupole-orbitrap high resolution mass
spectrometry combined with chemometrics

HE Qi-Chuan'?, YANG Min-Li', WANG Xiu-Juan'", CHEN Xiang-Feng’, YAN Xiao-Ting'
[1. Institute of Food Safety, Chinese Academy of Inspection & Quarantine, Beijing 100176, China; 2. Qilu University of
Technology (Shandong Academy of Science), Shandong Analysis and Test Center, Jinan 250014, China]

ABSTRACT: Objective To establish an analytical method for fresh and frozen-thawed beef by ultra performance
liquid chromatography-quadrupole-orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap HRMS) combined
with chemometrics. Methods After pretreatment, UPLC-Q-Orbitrap HRMS was used to obtain fingerprint
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information of fresh and frozen-thawed beef. The SIMCA software combined with pattern recognition method was

used to analyze the data, and the principal component analysis (PCA) model sand orthogonal partial least

squares-discriminant analysis (OPLS-DA) model of fresh and frozen-thawed beef were established. Results The

first 10 main components were selected in the PCA model, which explained 70.9% of the total variance (R?), and the

prediction ability (%) was 52.1%. The results showed that the PCA model could effectively distinguish between fresh

and frozen-thawed beef. R? and 0% in OPLS-DA model were both close to 1, indicating that the prediction ability and

accuracy of the model were good. 11 kinds of possible differential metabolites during the frozen-thawed process were

screened out using variable importance factor (VIP) for further structural confirmation, and lactic acid, nicotinic acid

and tyramine were identified as biomarkers. Conclusion UPLC-Q-Orbitrap HRMS combined with chemometrics

can be used to effectively identify fresh and frozen-thawed beef.

KEY WORDS: ultra performance liquid chromatography-quadrupole-orbitrap high resolution mass spectrometry;

chemometrics; beef; frozen-thawed
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Milli-Q 4K R H % .
1.2 XWFFE
1.2.1 Hepara

ST FERNE ST, HH 2~3 ZE8EE
A d, BEEHR 12 h, TEBESEA 2 cmx
4 cmx2 cm FMk, KBRIENIFZGAL G B TROEAH
48, BEJS T-20 CCUKFRMEFE o #54- I AE-20 °CAIF N2 Uk
72 h, ISR 4 cCOKFE AR 12 hoh LIRVRREIR, A
W —IL T 5 WIRBEIR . BUOABEIRREFIRR R 3 ¢
FEE T 50 mL B0 FEH R 8 A FATREAS, A 30 mL(F
Bk =9:1, V)47 AR B, B 5 min, %
8000 r/min. Y55 850> 15 min, %53E 10000 r/min, B0 5
W 35 W 2 mL FRRGEC 15 min, #3E 14000 r/min, ZJ5
i 0.22 pm MFLIEBYRAAAEIRE /NI, AT RE AR S it
FEAE-80 °CYKFE AL HERE
122 JR¥EHAHE

JEFEREAR (quality control, QC)FHTH KT 5 it
VLR EE M . WEAFEA PSRRI 10 pL BRI
NEFIFRE S, il QC FEA,
123 E#ESHT M

FEVEL 40 °C; Wi 0.3 mL/min; FZIAALHS A - I
(0.1%F ), B: /K(O.1%FWR); BTN AMHRE 1. ¥
FEREH S L, B EhiFREERIRE Nl 4 °C

%1 UPLC-Q-Orbitrap ¥ kRI2F
Table 1 UPLC-Q-Orbitrap gradient elution program

BEFERT [E] /min #/(mL/min)  WBIAE A/%  FSIH B/%
0.000 0.300 5.0 95.0
0.500 0.300 5.0 95.0
2.500 0.300 40.0 60.0
4.500 0.300 70.0 30.0

10.000 0.300 100.0 0
12.000 0.300 5.0 95.0
15.000 0.300 5.0 95.0

124 Rkt

BT UR i W8 55 L B R (heated-electrospray
ionization, H-ESI), & Ff&HERIE: 350 °C. A=
IE . PR R B, BEERESY 70~1000 m/z. R
R B R OB M O A MR X (full
MS/data-dependent-MS2, Full MS/dd-MS2), H.Ar4H#iny
Oy PEARBEE S 70000 FWHM, 313 1023 BrR S E A

17500 FWHM,, JH—1{LAlf {8 g 1 (normalized collision energy,

NCE): 15, 30, FlI 45 eV, WiZsHiJE: 3.6 kV, HiThii:
40 Arb, BB 10 Arb.
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Y, S FREAR (R EEOK=9:1, BRI REF, QC
FEARFEIH—4k ., M Compound Discoverer 3.1 ¥4 %5 1Y
SR P<0.05 BIALBYIFA Simea-P (14.1)#EF7 270
i 0r. F 4343 (principal component analysis, PCA)
F0IE 22 s #5¢ /)y — 7€ - #1543 #7 (orthogonal partial least
squares-discriminant analysis, OPLS-DA)FH>f ) /= A [R] - A
WHHS H AR, TEHEREERTF
(variable importance factor, VIP){Hililif OPLS-DA A5
Y, BEHCVIP>1 & P<0.05 ik 22 bR B 4

2 HREDR
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FEY) 2 8] 1) 2 BRI . PCA BEEIESE TR 10 4~ E %
WAy, fERE T M7 2R 70.9%, H B AE 1 (0) N
52.1%. PCA Z5RW, HrE 5 A R @5 ol A
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Fig.1 Chromatograms of fresh and 1, 2, 3, 4, 5 frozen-thawed
cycles beef samples
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Fig.2 PCA score chart of fresh and different frozen-
thawed times groups
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23 EFMEYNELEESFIE

W H N OPLS-DA BEEITFEE Y VIP (B K& B AR 43T
PAH B G YITETR, APFFRIEE VIP>1 K P<0.05
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Table 2 R?and Q? of different frozen-thawed tlmes groups
compared with fresh group

AR g4l VS Bl RY 0
YRR 3 A VS Bt 0.997 0.987
YR S WA VS Bt 0.995 0.987
tA W RABK
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Fig.3 Hotelling's T2 charts of OPLS-DA model in fresh group and 3
frozen-thawed cycles group (A) and 5 frozen-thawed cycles group (B)
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Fig.4 OPLS-DA model replacement test diagrams of fresh group, 3

Fig.5 VIP prediction values of OPLS-DA model in fresh group, 3

frozen-thawed cycles group (A) and 5 frozen-thawed
cycles group (B)

frozen-thawed cycles group (A) and 5 frozen-
thawed cycles group (B)

3 HBMARERMRBFAEREEY VIP F P &

Table 3 VIP and P values of different markers between fresh beef and beef with different frozen-thawed times

o owmgs pTst TR DA vie "
ik VS YRR 3R BTl VS VRER 5K HTEE VS VREL 3 Ik BfE VS URER 5 IR

FLIR [M-H] C;H05 89.02441 3.02 3.06 4.2E-02 6.0E-03
313 [M+H]" CgH,;)NO 138.09102 1.06 1.02 1.0E-15 1.0E-15
W [M+H]" CigH3,0, 27427313 2.70 2.08 2.2E-04 2.0E-05
AR [M+H]"  CeHsNO,  124.03916 1.31 2.41 1.0E-15 1.0E-15
L-4i 2R [M+H]"  CsH,NO,  118.08084 1.25 1.90 8.3E-03 8.1E-07
g AR [M+H]"  CoH,NO;  182.08084 1.33 1.11 1.0E-15 1.0E-15
-8R [M+H]T CeHpiNO,  132.10160 2.76 2.42 8.1E-06 7.9E-10
IR B IS [M+H]"  CHN,O  137.04552 1.96 1.04 1.6E-03 5.9E-03
0,24 12 [M+H]" C;H;;)N,0, 188.07011 1.8 1.59 1.0E-15 1.0E-15
TR [M-HT CH;04 191.01973 1.87 2.03 1.0E-15 1.0E-15
WLRK [M+H]"  CoHuN,O;  227.11308 1.53 1.58 2.6E-02 4.0E-02

FUIR R — TP A 7E TAEM RN A LIS IR, J2—Fh
TR Ao Sisen, TEN I, IS R,
AL, T e T ICRBE A R e, ZIERL T HL
MROFRLERDS. [l 6A M, DUBTEERIRRL 1 W, FLRRIY S it
Lt RIS, ATRERNIE S5 A AR LA R SET, R AE
HEAT G, DT i R FLR IR A o MAARRE 2 TR EI R
il 5 UCFLRR S LT NI, T AR DN DA DU AR RS 1R R,

FET AR A RN T AR R, R R AR
B;, XAAYiER PP, WARPUB R4 2, I8 e iR Filje
UL CNBR R B G), ki deA: RPN, R & & 5
R B DG, TP R AT R R L B — D BB AR, B
SMFITE S AR, JIANG S5PS g & BURAR fg s 1 %
REAIR A XS P 58 B (L*) | £LRE () FITE B (0™ () o MR AL 2t
SR Tk i i M22 0% — 4% iR (nicotinamide adenine dinucleotide,
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NAD+/NADH) 148 Bt iz it 1804 — 4% ¥ W2 5 92 (nicotinamide
adenine dinucleotide phosphate, NADP+/NADPH) 5 Z HifA
YT, NADHT WS, i FLRRICliRAe, IRk
FURRAA R, 6B B, FEHE VR Al ] HH R 1 5 R —
H BT ARWbE— B AU PER N FARE Y, T
IR FERRRTE N KRR A WINAAE TV 2 AR 1Y
B, AR SRR 2 SRR e P i — B

Jie, ARMERE R AR TE T, T iahi . S i Y
SRR R X AR FE R, S8 A £ S 2 R
(Food and Drug Administration, FDA)E. MLE 1 S & A
13 100 mg/kgl. &l 6C FeW, 1T P 2 ki 2 K
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o HREEAR IR | S . TH S AR TP R AR BRI AN
it 2 .
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Fig.6 Variation trends of relative content of lactic acid (A). nicotinic acid (B). tyramine (C)
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