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Identification of duck meat adulteration in beef and lamb using Waters

TQ-XS Triple quadrupole liquid chromatography-mass spectrometry
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Abstract: [ Objective] To develop an efficient detection method based on the Waters TQ-XS triple quadrupole liquid chromatography-mass
spectrometry (LC-MS/MS) system for identifying cases of duck meat being substituted for beef or lamb. [ Methods] Using high-
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS), specific peptide ion pairs of beef, lamb, and duck were
screened and validated. A qualitative and quantitative analysis method was established under multiple reaction monitoring (MRM) mode,
with optimization of sample pretreatment and mass spectrometry conditions. [ Results] The method showed good linearity (R*>>0.99), high
sensitivity, and a minimum limit of quantification of 0.5%. Detection of samples with different adulteration ratios demonstrated that the
method could accurately and rapidly identify and quantify duck meat substituted for beef or lamb. Results from actual sample testing were
consistent with those obtained by PCR. [Conclusion] This method demonstrates excellent performance in sample processing and
sensitivity, and is suitable for the rapid identification and quantitative analysis of duck meat adulterated into beef and lamb products. It can
provide effective technical support for meat quality control, market supervision, and prevention of meat adulteration.
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JHRE RO o R B B AR TE 18 18 PR 28 10 300 v A 1
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DNA $& BUK I & Fi AW AR A BR A A

JR 2 0§l - i 75 =8 000 USP/mg, 3 & Promega /A ) ;

TS BEEE(DTT) 43 Hr 4l , 32 18 Promega /A ]

2 Wk (TAA) 43 M4k, 92 18 Sigma /A

HIR LR NG - (1% 4l , 75 Merck A /] 5

= DU BT R 5 B AY : TSQ Ultra EMR £, 26 [
Thermo Fisher 2\ # ;

T B B R G
Thermo Fisher 2 &) ;

T8 & 43 O 6 BE 31 - NanoDrop 2000 #! |, 3% [E Thermo
Scientific 2\ # 3

By PCRIN % 4 4% : QX200 %1, 3¢ [ Bio-Rad /A 7l ;

PAEFFAL : C1000 Touch K , 3% [ Bio-Rad A 7 ;

W 12 B - QX200 Droplet Reader |, 3 [#] Bio-Rad
NI
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$90.5%,1.0%,5.0%,10.0%,25.0%' ", 4 JFR A FEL G —
R B SR, LA AR TR . He
Sy e G RE 25 R T TR TR RE 2 R ) — LR Y
LT AL, b 2R Y BE B TR AR AL, S R B AT
PR, B PR [ B LR 43 o MERRFREL 2 g AR AL A S mL 4
B (0.05 mol/L Tris-HCI, 7 mol/L JR 2 , 2 mol/L % fI¥ ,
pH 8.0) , 7E VKK i ¥y i Ab 21 . K FE S AE 4 CCF A
12 000 r/min #.0> 20 min, W FISWH TR 258 0
AT BB DTT W75 56 CTF RN 1 h, 2RJG A TAA ¥
WCTE IS A0 B 30 ming FR R, AT EE R AT mE A OF
ffi I HLB [F A1 2 U bR 86
13 {UEEEHEE

FE M €038 7 G b T C g (i B AT 40 88, T B A
AN 0.1% WKW, w3l A8 B 4 0.1% W R Z I % W -
JE A 4% R R TS R 2 100V, B 40 IR 275 °C, R
FH Full Scan £ 30 iF 47 1 4 , 479 J5i 4 1 Bl 350~1 600
(m/z) o B8R4 K F Maxquant 8004832847 3R 07 12 22 & 5
Br, 4 R B % M9 Uniprot £,
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F] Fl HPLC-MS/MS 7E MRM £ 3% F % 48 2% L 48] 43 5
59 0.5%,1.0%,5.0%, 10.0%, 25.0% B 18 & KE 247 2 &
W52 o 2l v 2R, DL 22 IRTR & H 81 A s A b, LA BT 3
LI 22 Ik 3k 4 8 W 1T B A A AR E AT il R 406, AT
ST AN [R5 M8 EL R 5 00 A BT
1.6 PCRIGIEFi&

Rl DNA 48 Ul 70 &0 A 100 mg B3 K A i v 42
I DNA, Jf- 3 33 Bt 5 Bl %E B H ¥k 1 NanoDrop £ il DNA
Jo e FIVR B o AR IR R R TG A B T S
F Bos taurus beta-actin, Ovis aries fll Anas platyrhynchos
FH A5 MRS, JFE i BLAST il s Rk (% 1) .
PCR [ W 4 & 24 20 pL, £ 45 BBL A fig B 2= 47 R A Y
10 pL 2X TaqMan i IR A .6.8 pL ddH,O0 .1 pL DNA
R #1200 nmol/L /) 514 FAR B, ) 4% 7y 94 “C AR
P 3 min, B 5 HET 45 MEIF:95°C 55,60 C 15 s 72 °C
30 s. #RJ5 1# JH] Bio-Rad 9 QX200 ¥k i A5 1 %% 65 fz I IR
G55 R 2920 000 4~ W L IT7E Bio-Rad B C1000 FA4F 2R
I PEAT PCR, 45 1F 9 95 °C 10 min, B i 24T 40 41 3£
B 94 °C 30 s 28 P F1 60 °C 1 min 3B J/3E fift , B )5 £ 98 °C
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Table 1 Primer and probe sequences for beef, lamb, and duck

Y EIEZEA S JE3(5—>3")
L) Forward Primer (F) ATACTCCATCCAGAACACCCAG

Reverse Primer (R) ATGCGAAGCAGCTCCAAGT

Probe HEX-CTTCTCTGAAACCATC-MGB
FW Forward Primer (F) CAGCCCTCGCCATAGTTCAC

Reverse Primer (R) TTGTCTGGGTCTCCGAGTAAGTC

Probe HEX-TCTTCCTCCACGAAACAGGATCCAACA-MGB
T Py Forward Primer (F) GATTCTACTTCACCGCCCTAC

Reverse Primer (R)

Probe

CTACGAAGTGTCAGTATCAGGC
FAM-ATCCACCTTCCTAACCGTCTGCC-MGB

10 min. 38 2o T 152 IR 332 JORCE 1 BRVHE AN B A 5, O
fli JH QuantaSoft #1115 DNA #4 Ul s 19T,
17 RERHSEESH

SIA TR AR LA i 4 B o O 3 30 100 o e e
2 I B A 3 U, THET B RbR o 2% L LLIEAR TR 1
A MR SR
1.8 HEHTSERITE
1.8.1 HPLC-MS/MS ##& iffi i Waters MassLynx 4k 14
SR A W B IE BT A L e S B R 22 RS I U T AR LA
PO ) AR 50 B o R AR S M B X i e TR BRI SRy
AT R LR
1.8.2 PCR ¥4 i & Bio-Rad 1Y QuantaSoft &K {: 4b 31t
Wi #CF PCRAE 5, 11 53 BRI M iR L ), o
DNA # D%,
1.8.3 AR IR (LOD) AlE S BR (LOQ) ¥ [ bri &
22 A I AR E | DL R G (S/N) =3 Fl SINZ=10 43 3 #i 1
LOD #ILOQ.,
1.8.4 AEHBEAIICRITE R RBAFRSFER
B AS [ L IR 5 R i (0.5%,1.0%, 5.0%,10.0%, 25.0%) ,
S3NBEAT 3R T B , IR AR X AR ME A 22 (RSD) PFAG 77
T RG9S 1 S Y LB T B TR,
1.9 HIELESHIEWIE

T 46 50 Al SR FH R T 0 43 A O vk R AT AL B ST SR
K RO E IR B . AT 56 S04 39 R H Excel
H1 SPSS B A HEAT S8 43T, LABA £ 5540 A 35 109 8 6 44
ARV o SE T O A% A B B I R M A OC R AEL(R) SR
fli e bt 2 & JF ok X 2 4150 o 17 2 R, 16
TE 7 95 1 SRR RN 1 R 2 B Y R A SR AR
B 0.5% , 31 i AR X B0 45 R i ol {5 B o Rtk — 2B 3P Al A
W77 35 0 W4T 1 5 82 P K HPLC-MS/MS 5 1 1 45
5 PCR J7 ¥k AY 25 SR b A7 X0 B, DUSR UE O 5k RO v m fili
JH K 3 5 ANOVA 55 48 3 77 1 97 A5 3 36 25 R Ay Wl 35 1
T 2 6 EE R AN G TG 50 0 AR vk 1 T S R A

SRyt — B N B S
2 HRS50br
21 ARAYHEBRUESREFINFES ST
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B FRRAE X SRR Sk 2 R T 2 B A v R B
li) 43 98 3R T B F AR E Mk R TR T kA RE S
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TIE b 3 B 76 116 TG P R AR (e 3 MR 1) 3 e x
Ll 3 A 4k b P 2R 0 R S S X A R B I IR A
B A (m/z) X 7= W8 F (m/z) 9 2% S50k 0 1 o o i 25 1Y
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FHEST 1Y 22 KBS T X S SR W R AR E Mk T T M R
Ay T R L AR RE TR MR TR T
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22 ARABREGTHEESMERRIREME
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25.0% IR A FEA 2R F HPLC-MS/MSS ) MRM #4 28 4
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Table 2 Detection data of specific peptide ions for beef, lamb, and duck

FE b HEY  FETYT BTE ORER BT | A HEY FET BTE RER B1 a6
ETRe (m/z) (m/z)  JE/% [A)/min £ H/ev G5 (m/z) (mlz)  FE/% [El/min - L H/eV
beef 1 475.76  608.71 100 8.53 + 19 lamb_4 678.33  594.81 29 13.12 + 27
beef 2 582.67 494.56 17 8.83 + 23 lamb_5 714.22  508.53 85 12.65 + 29
beef 3 663.79 407.53 28 11.28 + 26 lamb_6 747.89  523.61 42 13.45 + 30
beef 4 681.78 446.52 80 14.57 + 26 lamb_7 812.53 602.72 91 14.11 + 32
beef 5 744.37 446.52 24 8.64 + 29 lamb_8 873.65 617.54 58 15.32 + 34
beef 6 784.86 425.46 65 13.24 + 30 duck 1 609.67 418.43 18 9.93 + 24
beef 7 831.92 522.59 45 12.64 + 32 duck 2 718.37  549.56 29 8.00 + 24
beef 8 902.01 487.53 94 11.30 + 34 duck 3 783.40 629.76 42 5.60 + 30
beef 9 1023.10 449.48 100 11.46 + 35 duck 4 794.93  520.69 80 10.49 + 30
lamb_1 563.79 662.84 100 9.54 + 23 duck_5 812.36  502.59 72 6.95 + 31
lamb_2 584.88 712.62 34 10.38 + 24 duck 6 833.91 506.62 100 7.33 + 32
lamb 3 623.57 487.72 76 11.27 + 25 duck 7 1061.71 505.59 4 13.71 + 35
F3 4 W . FATBKANMRMENLER
Table 3 MRM detection results of beef, lamb, and duck
FE 5 4 5 3 B 1 8] /min WK 2T (m/z) P F (mi/z) WETEAL BB T MK SRR
al (Beef 5) 8.53 347.77 646.52 1 800 25000 50 15000
a2 (Beef 5) 8.83 582.67 595.67 1 600 24 000 45 14 000
a3 (Beef 5) 11.28 663.79 662.84 1400 23 000 48 14 500
bl (Lamb_4) 6.44 658.21 416.50 1400 22 000 55 14 700
b2 (Lamb_4) 6.41 658.21 659.71 1450 22500 52 15200
b3 (Lamb_4) 6.44 658.21 602.66 1350 21500 50 15000
cl (Duck_1) 7.53 326.77 563.79 2000 26 000 60 15500
c2 (Duck 1) 7.83 326.77 495.67 1850 25500 58 15000
c3 (Duck 1) 10.28 563.79 562.84 1700 24 500 55 14 800
— 3r —~ 3r — 3r
E E |5
X X X
e e =
=g = = e
E¢ E 3 E 3
= 1r s 1r = 1r
=} < =]
=5 = o
~ = =
0 | | LAAA Al | 0 | La a a | asaaa |A | 0 | Al A | | A | |
0 3 6 9 12 15 18 0 3 15 18 0 3 6 9 12 15 18
SRAEMTTR] SRAERH] SREERTR]
Retention time/min Retention time/min Retention time/min
(a) M (b) R (c) TR
Bl A FARBAGBAFEFRETSERRARGHE S THRRETAEEH
Figure 1 Extracted ion chromatograms of target specific ions for beef, lamb, and duck at different retention time periods

F AR AT RE A E AR AR 1E T B B LR
o AL, A L ELISA %5 7k iR 58 7 vk O/ Pk .+
AR 3 A Bk ) 17 £ 48 (S O AG 0 SR T
23 REESW

P RPN b, TR AR R R 0.5% , S AIRA
TR (LOD) T 3K 0.05% (£ 5) , 156 B H 06 4 1K L 5148 B A

i A5 B A R BE T o TR A5 4B RCLE B R i il A
98.52%~110.50% , #H X B #E {22 (RSD )~ 1.2%~2.5%, X
Wi R G 0 T S SRS R L O e RS AR T
JE - 5 (Waters TQ-XS) 1 B 11 Jj 5 15 Mg 42 il ' 1 (1)
A6 5 g [ B A 5 731 Ak B Ao R X iR A 280 | 2 R T R
MIRAL B VAR G . AT PCR 7 WA FEAR M B °F ] g 1L R
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R4 TRBREGITHEESNERRITAEHE
Table 4 Quantitative analysis results and standard curves

at different adulteration ratios

BEL FRE EROE WE A
e R may IR e
0.5 1523 1402 y=5023.8x+1928.3 0.997 6
1.0 3045 2845 y=10047.6x+3856.6 0.9982
5.0 15230 14 225 y»=50 238x+19 283 0.999 3
10.0 30450 28450 »=100476x+38 566 0.999 7
25.0 76 125 71125 y=251190x+96 415 0.9999

x5 FREBRERILFITHRGFESTER

Table 5 Sensitivity  analysis  results at  different
adulteration ratios %

Bl LOD LOQ HENES RSD
0.5 0.05 0.5 110.50 2.5

1.0 0.06 0.5 103.80 1.9

5.0 0.05 0.5 102.40 2.0

10.0 0.08 0.5 98.52 1.7
25.0 0.07 0.5 99.70 1.2

15 B g 1] 81000 HPL.C-MS/M'S 38 B 1 B8 41K fr) 6 00 4% B
R R LA DT .
24 FAEWEREMRTHEE

R 96 IE k0 e P S P R BE L 0 2 E A
4 ST AL S PE AT 4T, 32 6 T4, 4% 4 I 22 1 90%~
125% , S UNE 55 B0 (8 o B — 50 [l 8 S04 R il RN 5
I B A g o G T 8 B, B R 6 e A
FER TS RS M o ik — 45 SR UL, T A A £ ik
B O B A R AN S B M T L A Ak S PR O
PR B SR BT SN R Ty o R O N R R A
N FH A LN 2 22—l s e AR B xS B K
HE WU TR R A A RO T

Fo RGO EI R TItAE

Table 6 Recovery and anti-interference capacity of quality

control samples %
BEA e FeR || BEes Sl mhieR
0.5 0.55 110.50 10.0 9.85 98.52
1.0 1.03 103.80 25.0 24.75 99.70
5.0 5.12 102.40

2.5 EEREMREN SN BRIE

it TIT 3 ) S 1 W AL 2R 8T RE S AT R, R 3R 7 T
HLRE LRI NS A B AR LB > 50% , FE 2 B R 1L
1 29 5 30%., 45 3t W, HPLC-MS/MS J5 1 Al ¥ #ff 31 1)
SEFR N AT S BB RO TR, I X e AT R AR, 3

HE 2918 | 20265 1 A | RGBS

T Z T AR IR 56 2 4 T RS2 IR 4B B iy
BT, 76 52 R 5 24 B A vh IR HL 48 R4 09 35 P M o o
B IR TE SO T B b i C R RS R
SRR ARG T AR SZ IR I HPLC-MS/MS FE4# 43
BERE ) 5 e, A R R A B TR

®7 EERERBBNER

Table 7 Detection results of actual samples

I\ R LRI BB B /%
FE1 5 [ 5 =>50% , K 32 B4 >50.13
¥ 2 5 P 27 FE 240 30% , FEAE 1B I 30.40

2.6 SPCRERMITLE D

¥ HPLC-MS/MS £ W 45 2R 5 PCR 4 U 25 A 17 L
X3 AT (2 8) , % B 3 AE 45 (B A & UL A48 1 L i) 46 )
J7 T ELA B0 o RS T T ST O T 1 U
5 AEPE . AT PCR J7 ¥ , HPLC-MS/MS 7£ 43 H7 it
PP R R A AR GR PR AT KR TR s
fa T PCR U DNA JFi I 45 1 K% 35 8 0 B ) it
BeAh  AEMR B BT, PCR J5 %5 AT A N B 3 3 R S 5 1 9
T e TS O B M T O vk o R E M S R BUE
TR Ftl 7 AR ATE R PCR YA Ty b 7, IR
A BRIEAR KB B BRI b B EREA

#*8 HPLC-MS/MS 5 PCR# 45 R tL
Table 8 Comparison of HPLC-MS/MS and PCR detection

results

B b

- SREsE
B HPLC-MS/MS # il 4% 5

PCR 6 Il 25 R

BT SR E >50%, 0 EEORST KRS BT, L > 50%
B2 P 24 30% A7 7R H BB A HE S PR OY , LE 1124 30%

3 &5

iZ WF 98 ) Waters TQ-XS = T U #% T ¥ AH i i3 Bt
FOBCR D %0 TR P E R4 2 Y ) AL 2 0 kA
B E 4 M 2 KB T X, H#E L T £ R W I (MRM) A
X TFWEEME RSN . SRR, Z N EEAR
TR I R RN R M B S O O U RN E B IRRE R
BIEERE N 0.5%., A, HPLC-MS/MS J7 % 5 PCR #&
W 45 0% B — B, RE S HE A IR A BB R . XERIUE T
HPLC-MS/MS J7 i (1 7T & 14 |, I & 7R 12 J7 1 7% 55 bR
A R . B T URIE T B IR AR A ROk
PR BT LR IR, I — 25 B E VA R A
3 FH M

£ % 3Lk
[1] SPINK J, MOYER D C. Defining the public health threat of



F&M | Vol.42, No.l

food fraud[J]. Journal of Food Science, 2011, 76(9): R157-R163.

[2] EVERSTINE K, SPINK J, KENNEDY S. Economically
motivated adulteration (EMA) of food: common characteristics
of EMA incidents[J]. Journal of Food Protection, 2013, 76(4):
723-735.

[31 DU, TS, REHENG, 45 . T el At 22 2 AU B M A A AL
[J]. £ A 22 A2 i K 27 41, 2020, 11(16): 5 540-5 546.

BEI J, WANG K W, CHENG Y Q, et al. Safety risks and
supervision suggestions of meat products in China[J]. Journal of
Food Safety & Quality, 2020, 11(16) : 5 540-5 546.

[4] RUBERT J, ZACHARIASOVA M, HAJSLOVA J. Advances in
high-resolution mass spectrometry based on metabolomics
studies for food - a review[J]. Food Addit Contam Part A Chem
Anal Control Expo Risk Assess, 2015, 32(10): 1 685-1 708.

[5]4F I, 238, B LI, 46 3B B0 FL R H ) b v A 30 1 Rl

AW IE R [T]. £ %A TR G I 2% 41, 2021, 12(8): 3 000-
3007.
FU S C, LI L, ZHENG W M, et al. Research progress on
adulteration detection technology of cow milk in goat milk and
its products[J]. Journal of Food Safety & Quality, 2021, 12(8):
3.000-3 007.

[6] AT, 422, 29, 55 . A 2SRRI BEAR WF 7T
HAR PR, 2022, 12(2): 213-221.

YU H R, JT'Y, PENG C, et al. Research progress on detection
technology of meat adulteration[J].
2022, 12(2): 213-221.

[7] B FHF, AR, RO, 55 N RB RGN T7 1 K05 ik
HH2A 4R, 2023, 44(6): 1 000-1 008.

LU Y X, ZHAI R, WU F, et al. Research progress on detection
technology of meat adulteration[J].
2023, 44(6): 1 000-1 008.

[8] CARRERA M, ABRIL A G, PAZOS M, et al. Proteins and

peptides:

SB[ AW

Current Biotechnology,

RT3

Acta Metrologica Sinica,

proteomics approaches for food authentication and
allergen profiling[J]. Current Opinion in Food Science, 2024,
57:101172.

[97 JK K Ha, XUTF3C, SR, &5 . A 42 HOR AE £ P 5 )

AN IR T 1T R R D). B 2 A T G A 4, 2022, 13
(3): 948-955.
ZHANG H Y, LIU S W, QI S Z, et al. Application progress of
food omics technology in food authenticity identification and
traceability[J]. Journal of Food Safety & Quality, 2022, 13(3):
948-955.

[10] NICOLICH R S, WERNECK-BARROSO E, MARQUES M A

S. Food safety evaluation: detection and confirmation of
chloramphenicol in

milk by high performance liquid

chromatography-tandem mass spectrometry[J].
Chimica Acta, 2006, 565(1): 97-102.
[11] CUBERO-LEON E, PENALVER R, MAQUET A. Review on

Food Research

Analytica

metabolomics for food authentication[J].

International, 2014, 60: 95-107.

K EF ETF Waters TQ-XS ZE MM RERIERKAUENBABRFFER

[12] Tk Hi, AFE, D HW, 45 2F o758 GC-MS 45 & L#il
HAE TR KRB R R B R 0] & & R 2E, 2022, 43(4):
291-298.

WANG Y R, BAI S, LUO R M, et al. Identification of
adulteration of roast mutton using electronic nose and gas
chromatography-mass combined with

chemometric methods[J]. Food Science, 2022, 43(4): 291-298.
[13] Pk fr, U5 X, RAEA, &5 AU 10 £ i 22 42 15 0T it 40

SR BT T[], FL B, 2023, 44(5): 282-289.

SHEN Y H, FANG J Y, ZHU J L, et al. Advance in the

spectrometry

application of metabonomics in the field of food safety and
quality[J]. Food Science, 2023, 44(5): 282-289.

[14] STACHNIUK A, SUMARA A, MONTOWSKA M, et al
Liquid  chromatography-mass  spectrometry  bottom-up
proteomic methods in animal species analysis of processed
meat for food authentication and the detection of adulterations
[J]. Mass Spectrometry Reviews, 2021, 40(1): 3-30.

[ISTWINTON L M, STONE J K, WATRUD L S, et al
Simultaneous one-tube quantification of host and pathogen
DNA polymerase
Phytopathology, 2002, 92(1): 112-116.

[16] PINHEIRO L B, COLEMAN V A, HINDSON C M, et al.

Evaluation of a droplet digital polymerase chain reaction

with  real-time chain  reaction[J].

format for DNA copy number quantification[J]. Analytical
Chemistry, 2012, 84(2): 1 003-1 011.

[17] BB, RWEEE, Bk, 55 . B OB 3% — 5 43 B B3 2 27

FAR L0 o W B A (D). BT A 2 A B AG A AR, 2023, 14
(24): 169-176.
LI X, WU W Q, CHEN R, et al. Identification of coffee
adulteration by ultra performance liquid chromatography-high
resolution mass spectrometry combined with omics technology
[J]. Journal of Food Safety & Quality, 2023, 14(24): 169-176.

L8] XA, V7AW, K WA, 45 . 5T 2 B i 1 £ it B A
A6 I AIF 58 JR (3], 43 B I 327 41, 2023, 42(12): 1 666-1 672.
LIU N, XU L L, ZHANG X M, et al. Research progress on
detection of food allergic protein based on high-resolution
mass spectrometry[J]. Journal of Instrumental Analysis, 2023,
42(12): 1 666-1 672.

[19] B2, sk, B iy, 45 . B URCE W YT 28 5 75 DRl AG: I 45
AR FE D [D]. £ %2 4 ST K 24412, 2024, 15(6): 74-82.
WEI Y, YANG Y G, ZHAO J S, et al. Research progress of
rapid detection technology for foodborne hepatitis A virus[J].
Journal of Food Safety & Quality, 2024, 15(6): 74-82.

[20] s fE, K, U, 5 . T O (3% — B i 2 R

HORTE B b O b B B[], B b 2 R AG I 22 41, 2019,
10(4): 998-1 003.
MENG J, NIU B, GU S Q, et al. Application of proteomics
technology based on liquid chromatography-mass spectrometry
in food identification[J]. Journal of Food Safety & Quality,
2019, 10(4): 998-1 003.

63



