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Identification of coffee adulteration by ultra performance liquid
chromatography-high resolution mass spectrometry
combined with omics technology
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ABSTRACT: Objective To establish a high-resolution mass spectrometry database for coffee and its adulterants
by ultra performance liquid chromatography-high resolution mass spectrometry (UPLC-HRMS), and establish a
method for identifying coffee adulterants based on omics technology. Methods Coffee and its adulterants were

extracted by methanol-water (7:3, V:V) ultrasonic wave, separated by BEH Cig column (2.1 mmx100 mm, 1.7 um),
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electrospray ionization (ESI) ion source, and the data were collected in the scanning mode of Full MS/dd MS?, and
the high-resolution mass spectrometry data of coffee and adulterants such as black corn, black beans and barley were
established. The UPLC-HRMS data were analyzed by principal component analysis (PCA) and volcano diagram
difference analysis with Compound Discoverer 3.3 (CD 3.3) omics software. According to the precise molecular
weight, parent ion isotope composition and fragment ion information quality information of different compounds in
coffee and adulterants, the online databases of mzCloud and Chem Spider were searched, and the different
components were matched and identified. Results PCA results showed that coffee was obviously separated from
adulterants such as black corn, black beans and barley, which indicated that the composition of the compounds was
significantly different. Through difference analysis, 23 characteristic difference components were screened and
identified to identify coffee adulteration. Conclusion This method is high-throughput, accurate, which can identify
the coffee by using omics technology and is of great significance to further establish a rapid quantitative

identification technology by using differential markers.

KEY WORDS: ultra performance liquid chromatography-high resolution mass spectrometry; omics technology;
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Fig.1 Total ion chromatograms of coffee bean in positive and negative ion modes
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Fig.2  Total ion chromatograms of black soybean in positive and negative ion modes
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Table 1 Principal characteristic components of coffee bean

e eEmaw s F= marR B
1 I Bl CsH oN,O, +H 195.0802
2 TR CeH;5NO, +H 124.0319
3 R Ci6H 1300 -H 353.0882
4 o R IR CysH2012 -H 515.1202
5 EiVaIRAT C7H,NO, +H 138.0475
6 gL CyHz0, -H 180.0422
7 A=A C,H,0, +H 87.0439
8 ARIEFECTER CoH 00, +H 163.0316
9 FARHIEE C1oH 005 -H 177.0557
10 By 2 2 CioH 00, -H 191.0561
11 TR C;H ;1,06 -H 191.0561
12 IR IETE T CoH 1 oN,0 +H 199.0858
13 =B Ci3H12N,0 +H 213.1012
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Fig.6 S-plot graph of coffee bean and black soybean
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Fig.8 S-plot graph of coffee bean and barley
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Table 2 Identification table difference components of coffee

bean and black soybean

FFs G WAR 3 e BTk
1 PRI CisH,00, +H 255.0642
2 PRIARE Cy5H 1405 +H 271.0590
3 WHATIC CiH1,05 +H 285.0673
4 KA C21H0y +H 417.1164
5 PR C21H0010 +H 433.1113
6 GRS CyuHp010 +H 447.1268
7 AR C1H;oN,0, -H 203.0828
8 K AR CsH14N,O, +H 175.1184
9 S AR CeH13sNO, +H 132.1015
10 [ E=Nizd CsHyNO, +H 116.0703

®3 NMMSS5RERERBILEER

Table 3 Identification table difference components of coffee

bean and black corn

e eama Vins =t P)|EE = R ig i
1 bk CsH,,05 -H 179.1000
2 KR CeH14N40, +H 175.1184
3 BAR CsHoNO, +H 148.0600
4 225 R C;H;NO; +H 106.0496
5 it 2 R CsHNO, +H 116.0703
6 R CsH,NO, +H 118.0859
7 HEHTR CsHoN;0, +H 156.0762
8 gAY CsH3,NO, +H 300.2886
9 P RRER CisH3,0, -H 277.2336
10 SRR CsH3NO, +H 132.1015
11 i CyoH1,0 +H 151.1112
12 B CoH304 -H 341.1099

F4 NMHETSEXZTESRIEER

Table 4 Identification table difference components of coffee

bean and barley

75 hEmAK K &R BT
1 =N CsHoNO, +H 116.0703
2 i C15H37NO, +H 300.2886
3 RIER0 CsH;;NO, +H 118.0859
4 5 1R CsHyNO, +H 148.0600
5 ] i 2 Cis Hy00, +H 279.2307
6 2R CsH14N,O, +H 175.1184
7 HA TR CsH; NO, +H 118.0859
8 SrraAm CsH3NO, +H 132.1015
9 KA Tk C4HN,0;4 +H 133.0604
10 2H R CsHoN;0, +H 156.0762
11 R IR C5H3,0, -H 277.2336
12 6,5 12 CH,N,0, -H 203.0828
13 225 1R C;H;NO; -H 104.0353
14 TR Ci5H340, -H 281.2495




BOR, F E OB -5 2 BSOS 2 S OR S B HER R 175

AWFFHES. T HT UPLC-HRMS 455 4 AR %0
W HE RSB AR Y 5 i, A EOR B R, PR A
SABBAI o 2 05 1) FH R 1o OR8240 B o 1k T
TNME S N BB A BRI, G2 ] CD 3.3 AR,
K PCA 2z SAHE RT3, LG PIKER mzCloud Fi
Chem Spider 7ELREHEE . M5 S-plot EIZ5G VIP {HFI t
Ky PAE, e 2 ey, %E HiomiE o5 T 25 55
43 10 o, mieE TS R EOK 22 5 A 12 Fh, eiE T S R
2SS 14 B, WBER b SE 1 23 RSy .
TbF S Y 23 Bh2E S LA A T i, PR R L R
R, AR ABERYRG . BIOK, RELARF B
AR E oA & b, R kit — bR BT R A
AR, RLER . AR 4 FESHREM RN &R
2 AT B R R G BEOK . REYGEE B
%5, R — 2B R G B G, S B R
AT PRI P, SR S S S N — e L MEAR
JEFE 1) SFUN 2 R B 10 D7 3R A B AR T B

SE R

[1] ERWIAE, SR, 4o, 55, ommEfls s SERET]. AL e E AL,
2014, 32(5): 540-550.

QIU MH, ZHANG ZR, LI ZR, et al. Review of research on the chemical
constituents and bioactivities of coffee [J]. Plant Sci J, 2014, 32(5):
540-550.

[2] OLIVEIRA EMM, FARAH A, FREITAS-SLILVA O, et al. Overview of
currently applied techniques for etection of adulterants in coffee and
potential use of DNA-based methods as promising new analytical tools [M].
Pittsburgh: Coffee in Health and Disease Prevention, 2015.

[3] BARF, S JEFRAGIEAAL [ fh 4 P g ] &, 2011,
29(7): 594-600.

CHEN Y, WU YJ. Application of gene detection technology in food
species identification [J]. Chin J Chromatogr, 2011, 29(7): 594-600.

[4] BRSl W30, WA, F BB ER R BT S R, AL
AR, 2008, (7): 216-218, 312.

CHEN Y, DONG W, WU YJ, et al. Research and application of food
authentication system [J]. Sci Technol Food Ind, 2008, (7): 216-218, 312.

[5] BAEAEE, BibEsE, TKAR, 45, FETRHMLFRED B IH RIS RIH A
WFFEH ], R4, 2022, 37(10): 305-312.

ZHAO LY, DUAN XL, ZHANG D, et al. Adulteration and Identification
technologies of grain and oil based on characteristic markers [J]. J Chin
Cereals Oils Ass, 2022, 37(10): 305-312.

[6] Epkig, #Rpivl, SR BT L5 B0y b E AR S 2 0 A £
IRZH BB AR 1 M FSE 0], 25 2 e BRI 2 4R, 2021, 12Q21):
8597-8603.

WANG BF, XU ZZ, ZHANG XL. Analysis and research on economic

motivated adulteration of chinese edible agricultural products based on

[10]

(1]

[12]

[13]

[14]

[16]

network information [J]. J Food Saf Qual, 2021, 12(21): 8597-8603.
Fokig, fReE, fRoTOT, AF WOM G- 0 BT BORTE £ B R
SIWFFE R T ARk, 2021, 42(7): 301-310.

WANG BF, XU L, XU ZZ, et al. Recent Progress in the application of
liquid chromatography-high resolution mass spectrometry in the
identification of food adulteration [J]. Food Sci, 2021, 42(7): 301-310.
SENYUVA HZ, GOKMEN V, SARIKAYA EA. Future perspectives in
orbitrap-high-resolution mass spectrometry in food analysis: A review [J].
Food Addit Contam A, 2015, 32(10): 1568—-1606.

AR, RV, BRAS. WRORH - A B R BOR AR £ S RVEAG
S b B A ELFTI). B AR S, 2019, (1): 84-85, 94.

ZHANG F, L1 YX, LI D. Application value of liquid chromatography-high
resolution mass spectrometry in detection and identification of food fraud [J].
Mod Food, 2019, (1): 84-85, 94.

AR, 2k, B, A MBI A BORAE 2 2 XURS I b O Wk
JE[]. B2 AR BRG], 2017, 8(7): 2587-2597.

HAO J, JIANG J, MAO T, et al. Research progress of metabonomics in
food safety risk monitoring [J]. J Food Saf Qual, 2017, 8(7): 2587-2597.
AR, PVIEE, SRR, AF. BE TR R AORR R - DU/ A
P25 4 T8 o A5 3T 6 2 R ZE A RS T 22 SR i2 4 [J/OL ).
B 5% Tolk: 1-9. [2023-12-06] https:/doi.org/10.13995/j.cnki.
11-1802/ts.034531

LI B, SUN SK, SU AL, et al. Non-targeted screening analysis of differential
markers of roasted beef at different temperatures based on ultra performance
liquid chromatography-quadrupole exactive-mass-spectrometry [J/OL]. Food
Ferment Ind: 1-9. [2023-12-06] https://doi.org/10.13995/j.cnki.11-1802/
ts.034531

Wi, B2, FAhDE, 5. BT RORAH R - AR AT R AT A BT
BRI 1] AR 2 2 P TR R R R SAAE 2 i 22 S o T (], 3, 2021,
39(3): 291-300.

SHEN S, YANG Y, WANG JB, et al. Analysis of differences between
unifloral honeys from different botanical origins based on non-targeted
metabolomics by ultra-high performance liquid chromatography quadrupole
time-of-flight mass spectrometry [J]. Chin J Chromatogr, 2021, 39(3):
291-300.

LIORACH R, FAVARI C, ALONSO D, et al. Comparative metabolite
fingerprinting of legumes using LC-MS-based untargeted metabolomics [J].
Food Res Int, 2019, 126: 108666.

REAE, BRILTE, MfEME, %, LC-MS AR E AR % e BR A
TWERIRFIE0]. 2 Talk M, 2016, 37(9): 331-334, 392.

XIONG YF, CHEN SQ, TAO JJ, et al. Identification of true and fake
Chinese liquors by LC-MS with metabolomics technology [J]. Sci Technol
Food Ind, 2016, 37(9): 331-334, 392.

DAVID C, JUAN MGS, ROSA E, et al. Metabolomics of meat exudate:
Its potential to evaluate beef meat conservation and aging [J]. Anal Chim
Acta, 2015,901: 1-11.

SEGERS K, DECLERCK S, MANGELINGS D, et al. Analytical techniques
for metabolomic studies: A review [J]. Bioanalysis, 2019, 11(24):
2297-2318.



176

B dn 24 R R I A 4R

F 14

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

ANA M, JIMENEZ-CARVELO, VALERIA AL, et al. Comparative
chemometric analysis of fluorescence and near infrared spectroscopies for
authenticity confirmation and geographical origin of Argentinean extra
virgin olive oils [J]. Food Control, 2019, 96: 22-28.

XUER, ZAUM, AL, BRI R[], B A
AN 224, 2017, 8(8): 3129-3133.

LIU HZ, XI XL, SHAO SP. Identification of morphology of adulterated
coffee [J]. J Food Saf Qual, 2017, 8(8): 3129-3133.

RN, Vet BRFEWI, 55 BT Em0 A T 2R
YT EIE ). AR, 2022, 47(11): 267-272.

PAN BZ, PANG SQ, CHEN XM, et al. Study of the identification method
of coffee adulteration based on principal component analysis and
discriminant analysis [J]. Food Sci Technol, 2022, 47(11): 267-272.
PRFEI, ZAMK, WNE, 5. JETIELLAMN G EARMHES B
BT BUARE SR, 2018, 34(10): 253-257, 290.

CHEN XM, XI XL, PAN BZ, et al. Study of the rapid identification
method of coffee adulteration based on near-infrared spectroscopy [J].
Mod Food Sci Technol, 2018, 34(10): 253-257, 290.

ZRM, BRFEY], B, S5 o AR KR . REME PR
PILEANERIBFSE[T]. £ i 4 T M2 41z, 2017, 8(9): 3450-3454.
XI XL, CHEN XM, SHAO SP, et al. Identification of coffee blended with
black corn, barley and acai berry fruit powder with infrared spectroscopy [J].
J Food Saf Qual, 2017, 8(9): 3450-3454.

AR, 2280, ARFIDY, S5, HET RS T B AR 2%
B Bt 5 LR, 2023, 49(14): 295-301.

ZHANG AOL, LI S, ZOU YF, et al. Terahertz spectral identification of
adulterated coffee based on fusion pretreatment [J]. Food Ferment Ind,
2023, 49(14): 295-301.

GEUE, CRERDY, XISC, A% mMERESPESCSEE PCR I
ANE[T]. ARE RS, 2019, 29(1): 13-17.

LIANG YJ, XIAN YY, LIU JW, et al. Establishment of real-time
fluorescent PCR detection method for coffee species specificity [J]. J
Inspect Quar, 2019, 29(1): 13-17.

FERREIRA T, FARAH A, OLIVERIRA TC, et al. Using real-time PCR as
a tool for monitoring the authenticity of commercial coffees [J]. Food
Chem, 2016, 199: 433-438.

DANIEL D, LOPES FS, SANTOS VB, et al. Detection of coffee
adulteration with soybean and corn by capillary electrophoresis-tandem
mass spectrometry [J]. Food Chem, 2017, (9): 305-310.

TIE C, HU T, ZHANG JL. Novel identification strategy for ground coffee
adulteration based on UPLC-HRMS oligosaccharide profiling [J]. Food

[27]

[28]

[29]

[30]

[31]

Chem, 2016, 190: 1046-1049.
SEZER B, APAYDIN H, BILGE G, et al. Coffee arabica adulteration:
Detection of wheat, corn and chickpea [J]. Food Chem, 2018, 264:
142-148.

ik, XUFE K, TEER, BRSO G- 5 SRR S
B ORI R R R (7). A A AR, 2019, 10(13):
4105-4111.

ZHANG J, LIU JF, WANG TC, et al. Identification of smelly salt by ultra
performance liquid chromatography-high resolution mass spectrometry
combined with omics [J]. J Food Saf Qual, 2019, 10(13): 4105-4111.
HhLE, Ak, 2EB. HPLC WU /IR AN [ S R 55 ().
IR S5IT R, 2013, 34(6): 85-88.

HAN HB, YANG CL, LI MJ. The caffeine content determination in
different parts of arabica coffee by HPLC [J]. Food Res Dev, 2013, 34(6):
85-88.

AR, TR, B SF . AR G R I T e SRR
HUNRERR S T). BRI R, 2022, 12(35): 54-56, 60.

YUAN DY, ZHOU YZ, MAO WQ, et al. The content of chlorogenic acid
and caffeic acid of hand-made coffee was determined by high performance
liquid chromatography [J]. Technol Innov Appl, 2022, 12(35): 54-56, 60.
WHE, ZEK, AV, 55 w308 7o @ nk-Pkoh e B R v
DN R R S HAR A h SRR C ). e A B AG I 2
i, 2018, 9(20): 5346-5352.

PAN BZ, XI XL, CHEN XM, et al. Determination of carbohydrate
markers in roasted coffee beans and adulterated products by high
performance anion exchange

chromatography-pulse amperometric

detection [J]. J Food Saf Qual, 2018, 9(20): 5346-5352.

(L% KIRE A M)

EZE &N

R E, WL, IT#EW EEARAE
ABEMBEEWRN.
E-mail: 441839750@qq.com

I F, L, sRIEM, ETEMR
FRARBRE®WN.
E-mail: 349136833@qq.com





