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Abstract: A detection method based on dispersive solid phase extraction coupled with ultra-perfor-
mance liquid chromatography—tandem mass spectrometry (d—SPE/UPLC-MS/MS) was established for
the simultaneous determination of 19 chemical components in roasted coffee. This method compared
the effects of solvent type, feed-to-solvent ratio, solvent pH value, ascorbic acid concentration, ul-
trasonication time, and the type and amount of adsorbent used as the packing material for sample pu-
rification. The optimal experimental conditions selected were a solid—liquid ratio of 1 : 10, with 70%
ethanol aqueous solution at pH 2 as the extraction solvent, the ascorbic acid concentration was 5 mg/
mL, ultrasound time of 60 minutes, and purification packing consisting of 60 mg octadecylsilane
(C,), 30 mg diatomaceous earth(DE), and 20 mg primary secondary amine (PSA ). Using a 0. 01%
formic acid aqueous solution and a 0. 01% formic acid methanol as the mobile phase, separation was
achieved within 6 minutes using a Kinetex PFP column(100 mmX3 mm, 2.6 pm). The validation re-
sults demonstrated an excellent linear relationship for all 19 compounds across the concentration
range of 0. 2-5 000 we/L(r>>0. 995). The verification results show that, with the exception of malic
acid (LOD is 100 pg/L; LOQ is 200 wg/L), the limits of detection (LODs) and limits of quantifica-
tion (LOQs) for the other 18 compounds range from 0. 1 to 20 pg/L and 0. 2 to 50 pg/L, respective-
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ly. The recoveries for spiked samples at three concentration levels ranged from 73. 2% to 111%, with
relative standard deviations ranging from 1. 4% to 11%. This method was applied to the analysis of 21
batches coffee samples from Yunnan with different processing combinations (varietyXprocessing meth-
odXroasting degree), and combined with principal component analysis (PCA) for statistical analysis.
The results indicated that among the measured chemical components, Yellow Bourbon has the high-
est total sum, in addition, the content of the majority of phenolic acids contained in coffee beans
tends to decrease gradually as the degree of roasting increases. For the part of flavonoids, which
mainly include catechin and epicatechin, tends to increase steadily with the degree of roasting. This
research not only provides a specific technical method for detecting chemical components in Yunnan
coffee but also offers reliable theoretical support for the processing procedures and production practic-
es of high-quality coffee.

Key words: coffee; chemical components; dispersed solid phase extraction; UPLC-MS/MS;

principal component analysis

OHEVE At 5 = RS —, JEFEF AR AR AR E MR T, F 1o al RN E" . 2024 4F
Fp e A 15. 23 J7il, Hoor SR AR 15, 02 070, (5 4R 0 98. 6297, 2 Fg AR A i e ik
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Honeywell 23] ), HHEE ({4 3R AT 2%, 5[ Thermo Fisher 4] ), 37%3h1E . oK SBE(rdrad) |
TGRS RERL(C,) . N-INEEZ ZHE(PSA) | k3t (DE) (g2 Segn PR AR 2 7)) .
1.3 RERRREH

FH S 25 T SR FEE R 1 000 m/L BBRIUESE £ . HEBIASER 12 Pl 5 i s O bRHERE £ T 10 mL
PO, HEREZ, AL 20 mg/LARE BALS B PR SARUERR 80 TR T AR G
SR TR S BT R IR SRS SR b FRIEIRE T 4 R AR O S R (R A
3ANH AR I R O T R BE ) A 25
1.4 tFmHlE

Pt R B =4, 0 3 FPBTh b -RumE (CRAE 0 Bk S5 . BREr i) - 3R s OKBE
FUIPG | B AP ) 0 3 Rk R B (FREE . p B IREE), L as 20 MR, B T AR, B R K
R, HETERILER 1 TR ANEA G 24 B, e TRER Y, BT -20 CRiR
RAF

F 1 21 HRIMMERE S R FETE

Table 1 List of 21 batches of collected coffee samples

No. Variety Processing method ~ Roasting degree No. Variety Processing method ~ Roasting degree
1 R K REE 12 ST KUk WEE
2 R Kk g 13 WS H G R
3 R Kk Wz 14 S H Iz
4 ki H 5 9°s 15 LS H 1 TR
5 R H i s 16 B ATt KUk TREE
6 A H 1 RIE 17 B ATt Kk IE
7 KA AL P TR 18 oy G KUk W
8 il AL T 19 %2 4 F 1 W
9 A YO8 REE 20 B 15 T
10 WSS 7Kk R 21 B ATt H 1 RIE
11 WS KBk HE

1.5 BB FH*

B URIHERY i B =T, B gCREIIZE 0. 01 g) 2 50 mL &0 E o, AR 50 mg HLIR L |
10 mL 70% ZBEKER (R 70 © 30, pH=2)F—iFH &R T, 7EZI FLL40 kHz @8R5 60 min(Zh 3
500 W), #5.0>(4 200 r/min)5 min, H2 mL_ETHWE T34 60 mg C,;. 30 mg DE, 20 mg PSA [ 15 mL &0
B, WE30 s 5 LL 4 200 o/min &0 5 min, Y BIEW, FE . H 70% LBEKER (70 30,
pH=2) B AL SR FE400 505, i 0. 22 wm JENE,  DARSIN & 48 B4 & CunmimEbA] L 3 P e sl 2 I
%) AEShE R 0. 22 pm JEHE, H T & S EAR b 2E R 5y
1.6 Xsa0M
1.6.1 BIEEHE @i Kinetex PFP 43 #rAE (100 mmx3 mm, 2.6 um); e MGG E 30 °C; 3
FEARRL: 2 wl; JishAH: A40.01% FEEKIE, B A0.01% HEZHEE; Jid 40,3 mL/min, BEETEM
¥ 0~1.5min, 10%~40% B; 1.5~2min, 40%~70% B; 2~2.5 min, 70%~80% B; 2.5~6 min, 80% B;
6~6. 5 min, 80%~100% B; 6.5~8.5 min, 100% B; 8.5~9 min, 100%~10% B; 9~14 min, 10% B,
1.6.2 FUE&EM WEMIEE T, 1E/00E FHEM(ESIHESI-), B TIRILE . 150 °C; HMBIE L.
2.0kV; BRARIHREE . 350 °C; BUiAAVRE: 800 L/h; HEFLAURM: 50 Lh; 22 523 Wil (MRM ) 1
A, 19 FML SR RS S ILE 2,
1.7 FHiEFWIE

AT, 48 AOACIE &AM ERIFE Y & S IEFE R ™ F GB 5009. 295-2023 (& fh4éa
B R bRiE A BT iR T @ N ) R 2O TROE, A4S R (LOD) | E & FR(LOQ) .
VRG] . ETREE . RS EESE . E I E AN ) T B M BRI I S bR 2, JFLL 3 R (AR
b (S/N=3)Fll 10 fZEME L (S/N=10) 43 A i€ LOD FI LOQ., i F it s (BU IR B i) “1.47 w214t
WIHERE SRS L Ry . O AR AR ) BEAT RS BT ISR, 3 AN AR KT 43 ) A R AR IS 211 80%
100%. 120%(F5AKH, MEEFELOQ /Y 80%. 100%. 120%), AT 6 UEATINE, PR J7 1% H 6l
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Table 2 Molecular formulas and mass spectrometry parameters of 19 compounds
Molecular for- Retention time/ 5 Collision en-  Cone volt- 5
No. Compound . Ton pair(m/z) Polarity
mula min ergy/eV age/V
Alkaloid(2)
1 Trigonelline C,H,NO, 1.58 137.9/92.0", 137.9/94.0 19, 19 30 Positive
Caffeine CH,N,0, 4.38 195.0/138.0°, 195.0/110.0 19, 23 39 Positive
Phenolic acid(10)
3 trans-Cinnamic acid C,H0, 5.09 149.0/131.0°, 149.0/103.0 7, 17 20 Positive
4 p-Coumaric acid C,H,O, 4.65 163. 1/119. 07, 163.1/93.1 10, 25 30 Negative
5 Vanillic acid CH0, 4.43 166. 9/151.9", 166.9/109. 8 12, 18 35 Negative
6 Caffeic acid C,H0, 4.42 178.9/135.0°, 178.9/106.9 14, 25 25 Negative
7 Quinic acid C,H,0, 1.43 191.3/84.8°, 191.3/92.8 18, 19 30 Negative
8 Ferulic acid C,H,0, 4. 88 192. 8/177. 8", 192.8/134.0 11, 15 25 Negative
9 Chlorogenic acid C,H,50, 4.20 353.0/150. 9%, 353.0/178.5 13, 40 26 Negative
10 Neochlorogenic acid C,H,50, 3.99 353.0/179.0°, 353.0/191.0 14, 12 40 Negative
11 Isochlorogenic acid A C,H,,0, 4.45 515.0/353.0°, 515.0/191.0 13, 33 35 Negative
12 Gallic acid C,HO, 3.47 169. 0/125.0°, 169. 0/50. 7 12, 29 30 Negative
Flavonoids(6)
13 (-)-Epicatechin € H,,0, 4.29 289.0/125.0°, 289.0/109.0 27, 24 46 Negative
14 (+)-Catechin CH,0, 4.14 289.0/125.0", 289.0/109.0 30, 18 15 Negative
15 Quercetin C,H,,0, 5.87 301.0/150. 9%, 301.0/178.5 21, 17 35 Negative
16 Quercitrin G, H,0,, 4.87 447.0/300. 5", 447.0/150.9 24, 37 20 Negative
17 Rutin C,H,0, 4.65 609. 1/300.0°, 609.1/270.9 36, 59 27 Negative
18 Hyperoside C, 1,0, 4.70 463.0/301.0°, 463.0271.0 23, 30 27 Negative
Organic acid(1)
19 Malic acid C,HOq 1. 60 133.0/115.0°, 133.0/71.0 10, 14 20 Negative

*: quantitative ions

2 HR5ITHE
2.1 MEFmFHRIMNKL

ST O A FEF L R R IE A3 R S AR A5 19 b Ak 5 0 e 0 ) 7 A5 5 PR 5 0, e 4By 7 g i ) 7 4
T ET o EN E BB TAEMESE T 19Fb &Y R AES) S MRM BT 7087, WIMERR . &5 B
FUR AR B AT 5 -0 1R 2 PR b e FIM+H 5 Hottifb A8 00 A R 57+
[M-H] o ZEMRMALT, DLl mg/LIRSARERIRFELE TKICHE . 7K/ BEW R S AR A & v 8 i e I
SR IR BRGS0 B T R, G5, AP A N 0. 01% IR T 1 25 i 35 40 I R
R, B B bR ib S A RIS B, SEIRER A S RILRREL, IINH @]

REETECR, HH BRI w20 Bt & 56
SEARM) A ELAE ™. IR 0. 019% H R /K #/0. 01%
HIIR R AR A . (AL SAE TS, 19FME2 i oriR &
BV R A S T DL 1

2.2 HmaraEMAu

PG TS, WnMEH 19 Fpib i+ & 850k 7 Fh
BERASY (510 mgke) . WIMER . WA EM . SR
e, k5l . Sa)Rm A, ETIRASERE; 120K
FREY (<10 mgke) : RNAHER ., MEEZR ., FH
M. BUERER . WNMERR . BEE TR, (1)-JLEE. (-)-%
LA FE . Wi E . W ek T ., DB
T AR A B FE ORISR (R & 2k A lul

I

4

W A 70%~120%, 1o & AL S A 90%~105% ) A B4 48

b, RRESL AT E A REA T A . RS AL S YRR

8 o
Caffeine
6 -
S
Z 41 Caffeic af"id p-Coumaric acid
*aé Chlor . . I\‘ ‘,"‘Ism'hlnrng«-‘ni(' acid A
= Ml “”)},ﬁnl(, ac “I( ““‘ "’ ““‘ Vanilli(,’ aci({
Neochlorogenic a(‘irl\\ \Il |/ ‘tr(fn.?—(:mm'imm 'a(‘,ul
o Trigonelline \ / ,Rulm,f l)eruh(e acid
Quinic acid (+)-Catechin /" Hyperoside
l : N\ 7
\ Me T))'Flﬁli‘a"'(ihm\f il | ‘,/,,,//// Quercitrin
\ A Callic acid \J/[IA //// _Quercetin
% NN Jt 7
0 | - T T E— 1
1 2 3 4 5 6 7
Time/min
B 1 19 R i AR Y s U L (TIC)
Fig. 1 Total ion chromatogram of standard solution of

19 chemical components
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PR 2.5 meke, RGPS RN 1 5RE.
2.2.1 REBEFRpHEMRML HETHE. CFE. 70% LEEKERF 70% H BEKEI 4 PR 19
HEMEEPIRSEBGIER . 450K, LL70% SRR BUERIN , A S IR ¥5F 520K
P, 4% 70% LR KO IR EESE5 . FIG IR, T ASFEPERELL T 70% BRI R EERE . 45R%
W, SRR A1 108, 19FMbA P IR IIAE 70%~120% 2 18], R, SEEREHEIL AT @ 10,

B T80 Sy EAN ] pH B v i Iy 2R W24k &), A58 LA 1 mol/L 3R
Sy pH PR, Z28 7 FEBUE ] pH R SR EUERERI R . [ 2A 255 0R, pH B 2 I E 2k &
SERBFRS, AR RCRNFE SR, HEERZAE PR S U5 — i N E AR P pH B2
W B, EEpHME A2,
2.2.2 mAmMEBASEREFRERNL  DUIR MR R T BT A S IR A o ASF5TE
PEAR T PO M ER AR AR BE (0~ 10 mg/mL) X 19 Fpfb & i 2 S AR 52 . 25 R /R, PURIIRIR
I EE S 5 mg/mL B, [y 2SR B RS & P B T BV AN TR I 3 v, HOak B R, Pk
B EMCR A EOR . Ik, BEFE S mg/mLBUIR IR AR IR B

R P T I R R AN M B A AL S i SR R, 9T & R 7 e ) S 2 s A T 2 43 O SR B R T
AT HEE T R R 19 b= s $E BOSCR g o 255 R, #8730 min B, AR 1Y) o]
R AR (<70%) , ZEKZE 905K 120 min B}, HEIZSALSPH0 S & TR, nTRER R i )i K 5 508
FALB IR, X5 Zhou ZEP 25 254, #B 75 60 min BRI, Ira S R4 &
TR, DA 7 8] 4 60 min
2.2.3 HWEBBMRL  C T EBRARMEEBUS > FMAE, PSA RTURIFHEFERAIMEZS, 1 DE GEWLKT
BEZR . FREMRAGE ., LLC,y. DEFIPSAVEAEALIERL, F52 7 H A S0 19 Fhfb 2 a 430 i ARRN [Tl
R, 45RO 60 mg C B R 2SI B & (B12B) 5 I\ 30 mg DE BAEY BN . FilRZs
B RS T AR (B12C) 5 BN 20 mg PSA B MR 2SR 85 R 2E i i AR K (B 2D) o AR KR
BOe e T 252, AHAH L T ARGRES,, onE b IR 2l 5 2 b S & e . B,
W 60 mg Ci. 30 mg DE 120 mg PSA 1R bizok

Total Phenolic acid Flavonoids Alkaloid | Organic acid
A B 5
20{ @ r 204 b b : b :
g i b b g ;
5 z
= 154 =4 154
- :
£ 104 £ 101
Z 54 1 Z 5 :
(‘ T T T T - () T T T T T -
2 3 5 Unregulated 0 30 60 90 120
pH value Dosage of C /mg
C D
2 a 8
204 @b ab  be 201 2 : b
z g : ¢
= 154 = 154
S g
5 104 5104 ;
< <
: :
Z 51 Z 54
0 T T — = = 0 T T T Toe=
0 30 60 90 120 0 20 40 60
Dosage of DE/mg Dosage of PSA/mg

K2 pHAE(A). C(B), DE(C)HIPSA(D)XSPYZEALE YA — ol m A E 1 5200 (n=3)
Fig. 2 The effects of pH value(A), C(B), DE(C) and PSA(D) on the normalized peak area values of
four types of compounds(n=3)

a, b, care significance letters
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2.3 FHEFWIE

%ﬁﬁﬁmmﬁ%ﬁ%m%A%ﬁﬁﬁ%ﬁ%m%m,ﬁ% YOl ME= (S5 i AR - i
25 A T AR G TR ) X 100%™ s ME=100% /R TERE BTN, ME>100% A5 sz, ME<100%
Ry FE BRI . AT 7 FhE S AL S ME b 86. 6%~116%, HE5Ri R v] Z20% , HANH 4 5 EE
LR IR TR A BB FLFOIERN ; 12 FMIL S =L S P00 ME 4 6. 09%-~20. 6%, B MELFHMEI
PRI, SR 2R J5 DG C AR vV T LA B3R AR RS ST 388 7 ) 50

RS, BE 7R @ik e m . MR A E & TR, mR3mxR, A swiE
0.2~5 000 pg/LyBH N &MERRR U, MHXREG)FHRT0.995, BRIFERERSMLOD 4 100 pe/L, LOQ
3200 we/L), HAts 18 Fpb &%) LOD 24 0. 1~20 pg/L, LOQ 40.2~50 we/L.

3 19FME R AMSC R | KR AE B RR
Table 3 Linear relations, LODs, and LOQs of 19 chemical compounds

No. Compound Linear range/(pg-L™") r LOD/(pg-L7")  LOQ/(pg-17")
1 Trigonelline 0.2~5 000 0.996 2 0.1 0.2
2 Caffeine 5~5 000 0.997 6 2 5
3 trans-Cinnamic acid 10~5 000 0.997 1 5 10
4 p-Coumaric acid 5~5 000 0.996 7 2 5
5 Vanillic acid 2~5 000 0.9952 1 2
6 Caffeic acid 10~5 000 0.999 0 5 10
7 Quinic acid 50~5 000 0.999 4 20 50
8 Ferulic acid 2~5 000 0.9970 1 2
9 Chlorogenic acid 20~5 000 0.999 8 10 20
10 Neochlorogenic acid 20~5 000 0.999 0 10 20
11 Isochlorogenic acid A 20~5 000 0.996 1 10 20
12 Gallic acid 10~2 000 0.9975 5 10
13 (-)-Epicatechin 10~5 000 0.998 5 5 10
14 (+)-Catechin 5~5 000 0.999 4 2 5
15 Quercetin 5~2 000 0.997 4 2 5
16 Quercitrin 5~5 000 0.998 1 2 5
17 Hyperoside 5~5 000 0.998 5 2 5
18 Rutin 2~5 000 0.996 4 1 2
19 Malic acid 200~5 000 0.995 1 100 200

A 5 SO I S B0 VAR J vk I LB RE ORS8RI A R TR TG S R 80% . 100%
120% (ARG, M LOQ 19 80%. 100%. 120%)3 N FRMIKE T i3 H bntb &4 i [l Wie 2 F0AE S b
HERZE(RSD) . B4 0, 34K IR A 73, 2%~111%, RSD A 1. 4%~11%, 8 AE 1 RN FIE
ZE3RNEE AT 6 UOCRIIE T EH N . HEEEEE, 25K LIRSD B/, HNAEEEERSD 24 1. 8%~
8. 6%, HIuJKEEEEE RSD 4 2. 3%~12%.,

4 19PN ENCER . H RS I H B (n=6)

Table 4 Recoveries and intra-day precision, inter-day precision for 19 chemical compounds(n=6)

No. Compound  Original/(mg-kg™") Added/(mg-kg™) Measured/(mg-kg™") Recovery/% RSD/% Inira-day RSD/% Inter-day RSD/%

1 Trigonelline 5964. 18 4771.34 10 696. 40 99.2 2.4 2.9 4.6
5964. 18 11702.31 96.2 3.7
7 157.01 13 353.79 103 4.1

2 Caffeine 10 183. 46 8 146.77 18 225. 14 98.7 2.5 3.5 2.3
11786. 16 22 198. 28 101 2.1
14 143.39 23942. 16 97.3 3.1

3 trans-Cinnamic 1.05 0.84 1.87 98.7 3.4 4.0 5.7
acid 1. 05 1.99 99.7 5.7
1.25 2.33 111 7.3

4 p-Coumaric acid 0. 64 0.51 1.10 88.6 2.6 4.5 7.8
0. 64 1.23 97.9 4.4
0.77 1.33 94.7 5.0

5 Vanillic acid 3.85 3.08 6.78 95.5 4.8 7.0 8.2
3.85 7.93 102 5.9
4.61 9. 06 110 6.8
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(£13%4)
No. Compound  Original/(mg-kg™") Added/(mg-kg™) Measured/(mg-kg™") Recovery/% RSD/% Inira-day RSD/% Inter-day RSD/%

6 Caffeic acid 7.45 5.96 12. 65 87.2 8.2 2.6 6.7
7.45 14. 56 95.4 7.1
8.94 15.17 86. 4 4.9

7 Quinic acid 1619.71 1295.77 2 816.74 92.3 4.5 1.9 4.0
1619.71 3276.53 92.9 4.5
1943. 65 3 669. 63 97.7 1.4

8 Ferulic acid 4.88 3.90 8.42 90.7 3.6 6.2 9.8
4.88 8.97 81.0 3.7
5.85 9.97 84.5 2.9

9  Chlorogenic acid 6 679. 58 5343.67 11 899. 27 97.17 2.7 1.8 4.9
6679.58 13 856. 85 102 2.8
8 015.50 14 960. 32 99.5 3.5

10 Neochlorogenic 3256.03 2 604. 83 5713.17 94.3 3.2 2.4 3.8
acid 3256.03 6 146. 16 92.3 4.2
3907.24 6955. 74 97.7 3.5

11 Isochlorogenic 209. 27 167. 41 382.94 104 4.4 3.0 2.6
acid A 209.27 435. 46 106 2.5
251. 12 473.19 104 4.1

12 Gallic acid 0.18 0.14 0.29 78.4 7.8 7.6 12
0.18 0.36 84.3 4.1
0.21 0. 40 88.0 7.1

13 (-)-Epicatechin 5.39 4.31 9.09 85.7 8.6 5.1 11
5.39 10. 10 81.6 4.9
6. 47 11. 63 91.6 7.4

14 (+)-Catechin 6.74 5.39 10. 68 73.2 5.3 3.8 6.2
6.74 12.51 89.3 2.3
8.09 14.28 96.2 9.5

15 Quercetin = 4.00 3.71 92.7 4.1 6.7 9.1
5.00 4.80 96.0 5.1
6.00 5.47 91.2 5.8

16 Quercitrin - 4.00 3.06 76.5 3.1 4.3 7.1
5.00 4.12 82.4 6.5
6. 00 5.45 90. 8 10

17 Hyperoside - 4.00 3.10 77.5 11 8.6 9.2
5.00 3.80 76.0 9.5
6. 00 5.02 83.6 7.6

18 Rutin - 1. 60 1. 40 87.5 4.7 6.5 8.9
2.00 1.92 95.8 7.8
2.40 2.29 95.5 6.7

19 Malic acid 495. 62 396. 50 898.94 101 4.0 2.0 3.8
495. 62 995.35 97.7 3.5
594.74 1067.91 93.6 4.2

*: not detected, the spiked levels were 0. 8, 1, and 1. 2 times LOQ

2.4 HHMFEHLER

PR T7 12 5 A SCERIGE B 7 i AT IS . RS PR, RIFTR . B TR . &R A EE
FRXFE Angeloni 28 P fRIE M 71, A ERAEARN) E 2 TR, HAjghBe s, BeRwE, b,
AJ7 LI LOD A LOQ KT Rodrigues ™ Hl Santanatoglia % & 19 77k . ASFFE B ERZRAL A4 (Can
T M %) B9 LOQ 5 Mustafa 555/ Fll Santanatoglia 557 #) 7 iEAE ,, (HARJ AR OB T G, 28t
GUMREZ . ZiE, AFEARGYRINE SN REE, ~FHEWCRR A, Hool [
MEH AR T . IR . SEERAIAALER , HA MR
2.5 AESMWEEENLZERS DT

SR S J5 20t 2 e WM AS [] b BRZH 5 (o< 7 AR F2 ) AR i EA A S o), 15—
e EMELE 3, 2R ER, EIEEx HIlx R BRSNS B o ERm, HEGERE®ET
HAbS R (H7 22001 (ANOVA) FGHEER R, ARSI SE RS . S5 B, 22718 . UNHER: &
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MECRS BRI FRELER . EERTFR T, pEa e neEp m R R S 'R &S
FHP SRR (p<0. 05) . R THLRIRER . SRR A, FIBER . LRRMFILRR SR, iPah
SRS BE ST R (p<0.05) o BLAh, BHSHIBE TR A RIS A B 2 s T AR A
TP (p<0.05) 0 L& EFTE, AT BEa A UIHER 353000 S o i 5 R R, T2 55 e
Py S B SR E R (I B TR . FHIR) LRI

5 5 ICHRARIE B MR~ pls3- RE T 7 LA

Table 5 Comparison with reported methods for the determination of chemical components in coffee

Method Instrument Compounds LOD,, LOQ,I Recovery/% Ref.
/(pg-L7")  /(pg-L™")
Acid hydrolysis(90 min) HPLC-MS/MS Rutin, Hyperoside, Quercitrin, Quercetin 0.2~1.7 1~5 78.7~86.0 [5]
SPE HPLC-DAD  Chlorogenic acid, trans-Cinnamic acid, Neochlorogen-  180~240  600~800 41.7~98.6 [30]
ic acid, Trigonelline, Caffeine, p-Coumaric acid
UAE(120 min) HPLC-MS/MS  Chlorogenic acid, Vanillic acid, Gallic acid, trans- 20~50 50~200 91.0~  [29]
Cinnamic acid 101.2
Carrez solution HPLC-DAD  Chlorogenic acid, Neochlorogenic acid, Trigonelline,  10~3 770 40~11 420 90. 0~ [16]
Caffeine, p-Coumaric acid, Caffeic acid 104.0
Acid hydrolysis(90 min) HPLC-MS/MS Rutin, Hyperoside, Quercitrin, Quercetin 0.64~1.09 1.94~3.27 76.0~95.0 [31]
UAE-d-SPE UPLC-MS/MS  Alkaloid(2), Phenolic acid(10), Flavonoids(6), Or- 0. 1~20" 0.2~50"  73.2~111 This
ganic acid(1) work

*: LOD of malic acid is 100 pg/L, and LOQ is 200 pg/L

2.6 REMISXMETOUERSIT  gron ol
AR LB T AR T R Ak | s et

(+)-Catechin
Ferulic acid

SN . BRE, LERFR . BTR. RARW 0290
REMR AN B IR ) & AR K Al H I I RPN o758 | 03
Hh ) BB 5 5 (p<0. 05) o LIRS S RP ok 1], 216
K P A B A SRR R 2 e T AR I Ty 5
AR S Happyana % B DR — 2. KT, T
ZRIFTR Sop ek R IR, K BEAL B & R R

trans-Cinnamic acid
Quinic acid
Caffeine

Isochlorogenic acid A

. 1

I Neochlorogenic acid
Chlorogenic acid
Caffeic acid
p-Coumaric acid
Malic acid

a

a1

o

Trigonelline

NI SR - N o JEeS=EadE=a 0 Erd=a st =Rrg=a
H3FP N T N Z w6 B 22 5 (p>0. 05) . £5 et A A A A
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s BRSSP AORRAEYE B WIAE HIALFE T Fig. 3 Normalized content heatmap of detected compounds in
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ORPeIEE B RAL” ME5EAE, HENOIGE 52 H stands for honey processing, and L, M, and D correspond to light,
SR P OIS R . HUFRR IR A 56 e anddark ot respectively
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FHATHE Y AENEER) F B Ry, BADUEL . PURFISUME S YR ED s $ Emife b & &
AR T OmHER 0 A e, W EA PR FIPTEILVER . s IE R L A4
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TR (PCA) o AREEF . T 21 HEHESRAE R PR 0 B3R 2, PCA RS- & 4 B,
AN] AbBRA 5 B W HEREAS [P RS 24 T AR 2 X 5y, PCL 55 PC2 LB 17 95. 7T1% M 25 531k, Hivp
PC1 2 4 R R AP R R CRAE ) & 0. 876 F10. 377) BTk, FEHHSE IR FIHi 4 R IR 1] fE & X A A
IR R B bR EY) . IR 4 W] 0L, FEE R FREER N, SRR R R R, A 55 4%



978 SR AR (http://www.fxesxb.com) 545 %

IR 3. PC2 =2 d e CRFAE R & -0. 961) BTHK,

6000 ® ® Dark

TR R R F AR R, & A2 . b T
PR A 40 | :
3 Z:E _L/lz § 2 000+ :

ARG T B O A S T e
Jrvk, T 21 HEZTHMMERES A, RS R 2000 .
[T 7 B R R R R OO TR ,
LESLE R WESP AR A B i ke 22 B R A | L
I T, o S A UL RIS ) it SESS NS SSE S8
BERLR R RE R TN BRI H AR B, R I PC179.5
R AL T R TR S, S0 SR E AL T4 3/ ShRMREAERRE | b RV R Re P
BT o R s B 2RI P XK B I 7 FHyPCAfRIYE

Fig. 4 PCA score plot of three coffee varieties at light,
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