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Abstract

A method had been developed for identification of true or false coffee based on high performance
liquid chromatography (HPLC) fingerprint. 90 high performance liquid chromatography (HPLC)
fingerprints of coffee were selected and analyzed, and all data were calculated by using A version
of chromatographic fingerprint similarity evaluation system of Chinese traditional medicine and
the chromatographic analysis and data management system of Chinese traditional medicine soft-
wares. In the whole process, the stability of the method was good, the standard fingerprints of
pure coffee owned 17characteristic peaks of HPLC fingerprint, the similarity threshold of all 30
samples was no less than 0.9 and the similarity threshold of adulterated coffee was as low as 0.4
through analyzing peak area correlation coefficient (r), peak area cosine ratio (cosa), peak height
correlation coefficient (r), peak height cosine ratio (cosa). The method can identify that the mini-
mum adulterated amount of black barley flour, black corn flour and Brazilian berry powder was 1
wt%. Such method was convenient, high-precision and had strong discrimination ability, which
was worthy of popularized application.
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I I RAE 90 UM B B R VA € PR R ST AR R AR R S B, SSL T — R TR B i
TRECERE SR INERB R T, A P2 eatie S RS A LU TR R G ARRA 2 ek B o i
B RGREA TR S ek B S eER A R SRR AR, FEARIEAR BRI 4 R EHIEEE T
B, &REW, GEReEts, AmuirEis SRR am 17300 E, KRR Gk E ke
AR RS, ETRRARTZE . SRR REEE. ERRARZEREIRT0.9, BHBAKRE
B BREKRRMEEZERY, BEBRYKIERBERREE. ERRFARZE. ERERREE.
e TR SR F AR SEIE (B /N T70.4, BARTTEX R I BEKM AN B RS0 T E5 &N B REN wit%,
HATIERGE, BERE, SHRIBFHRR.
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1. 5|8

WIHEE ORI B IS AR S, & B RERR B BRB DT IRE ARG (CREMBIEIA . $Tm77 3k
FABLUEFZ REIE L AA AN B, EORONES MR EF T R EZA RS 535k, il
MEE A HARF BRI R AREREN AR Al . PUCAR. DUAAL, FRAROR AR PRI . HTREAL . AL Fie 5
R -

AR, BT RARAEYZR K20, L 7H SO0 S B o e R B, W R A R R
)RR BRI Y o B 2080 4R, AERUNMES B AL THRER - A K P A AR AR 5500 T
e, WARYEIR S SR, 2014 SEEPUMIEER S E T EHUE R 4500 G, EEMARREFLT,
ADAEFWRAEMHE R S ANE B A TR, K BRI EYIF[1] (2] [3] [4] [5]. REXSEEA A2
ERRERG T, ABEA TS LRI R SR T S A, SR R A R, ST R At AR E
BRI ZR(CO), SARMNHES FEAN MY, Keda T ™ HAAL T .

WA DA F AR B8 XI55 90 ) N o A B SR TR o — o IR A B
TR E T o e R L 2R ER DL S TBAE ST RE Ry, BAT, O ainmE b R R BRIl O A 1
ZAE[6]-[15]. fEAEEYP L Al AR IS R R e B R 2 A IR B 2= 5, Ry
SE R AR S5, HAXTNEEAT BRIV, A REAER . Bl S R S HEAT,
BEXT SRR L B [ AT TR T BE 2 2 FR SO G EOR [6]-[23], 12K T DL B B2 2% il 1 “ 88
MILZS” o ASSCR A i ROBAR €l (HPLCO) B 5 48 SU B W P H B R X E2E AT BB e ), e Sk minE )
PRAEFE LS, A 2 a8 R SUREAR U PO R S8 A FRCERAE 0 A A TR i (33 1 5 o 4 S 18
W IARAURE , FFARAEARCLRE AT 545 R e BB . AT IETTEIRGE, K LR, ERIRETI58.
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2. RIS
2.1. MRS

R 287K Milli-Q 1k 24635 H Millipore 24 7)), HEL(LEEE >99.5, /rifral), B4
JE >99.7, srifral), 1IETEE(ZEEE >99.5, 4 Hral)fisk CERFRUE S (4E1E 99.7%, CAS 327-97-9)4535 T
T o

1A% WA EIEA - BCd DAD il 2%, Agilent 1200, 3E[E Agilent A& F WAL 3L Foss
KN195KnifetecTM); &5.OHL(TEE SIGMA AF]); IR as(HEE IKA AF).

BAF: Agilent Chemstation [Eu, F2 ik Bt AR E I RS, e Eiks gl T
ARG A R

ANHERE S FRTTI I E 90 FRUMMES, Ky A ] Al HERE 5 o

BRI S R G ROy, SRS RS TE LE I SR K FE R (K ZE 250°C ] 30 min, FiE
JEARED ETEERER BEKRMERERMET, 513 2) 6 SIS R HERE i

2.2. SEWFE

2.2.1. HEmETLIE

R PRI 1.0 SEAfinERE & SIS ERmMERE &, I 10 mL HEE, RIZUES 5 min, &0 10 min,
WEIEW, T 0.45 pm JEARAS = ROBAH G0 EHLIIRE .

2.2.2. BIEEH

i Ultimate® XB-C18 (4.6 x 250 mm, 5 pm)s.

WBNAH: A FHNHEE, B A IRF40 0.1% 8 HE KIS & 1.0 mL/min; AF: 30°C; 5ME
MK 254 nm; FSHARIBEEEBELFE T A 0~10 min, AR %0 10%~15%H FFEE: 10~40 min, 1AF1%)
#15%~50%1) I EE; 40~50 min, 152050 50%~100%[H FHEE; 50~55 min, RF73%0 100%~10%H) F % ;
55~60 min, AR5 10% ) HEE .

2.3. BB

SRAEDBR(1.2) R I e A 20 W e A i A5 (B A ot ROV €l L, R o 245 € B o i AR A 2
U rb 2GS TR SRS AR U PP R ST A FROEAT Rl 70, S L OMER TSR SRR, BEAT I I RAR 5 2R
BUEMIEE . Ve R R BOFAE . W RIS AR SLIFARABLE L W SR A AR SZVEARMURL . ARl AR
B AT EE AN 4 [T S AR EE A U A T

3. BB 51118
3.1. REGTIROIERE

FEVEFERE it BT AL BRTTVEIT , BEAY 22T 58 2 SR IO A 4L o, B2 8 e SR U €0 -0 1) 7 22
FBREREWE I IE, B2 AR, EREY+0 R 2%, EARGIREW, B0 10 min ZJEIREH
3, ARSI PRI IE, ok BNV KA IE T BRR B T RIS 2, S B R
BERE, LS, Qi HACRE, HBH O RGE IR, 2RISR G R 5
ERRARIFEN ;% BRI T TR, Pro sl SR SR 7y, PS4l A fag s, ik
RERIFERYFT, B QBB 7 SRR il LR 114, AT H e ik, FEERD,
D2 THDRS B0 P 2 IE W PR B AR AL s SR I SR IR AL 73, S5 SRR, SRy i, HK

DOI: 10.12677/aac.2018.84022 183 TR


https://doi.org/10.12677/aac.2018.84022

AL 4%

BRI, e il B SRR ke R 0, e a HEA b RTRgiE, B BEEY, SEREE,
RE % 4 T AE A AR AL INMEA SRR AE, 77 & FR SRS IO ZER, DL 52 P A D4 S &1 38 i b 2R

e
3.2. MENEAVIERE

YR RE 2 A B o B FERLT IO (i i, SRR SEVE A 120 min YA LIS AR AN 5%38 i 2|
95%BEATRE VML 20, A R, FahAR RO AL RO B Pe i OR300 . HIRE - KR 2R il g i
R, HEEZARE, MLUEHREFHMOIEE, Wi - AR, GIERmNAITSeE, H &
JEAE, RZ/NERRERS: TEE-0.1%FRKERIKR, CuEmN g, 20T - LR R0
awgfer, HorBEERs, LSRR TN, A A REAEN/NE, FFamaEsER, il
1l 7 A PR -0, 1% TR R /KW IR RAE DRI AR . R0 IR AIAIA R G, 7EA 53 R ik ig 7y i
FIRTHR TRt — PO Gl 26, AR 1.2.2 PR A i 2 1F .

3.3. WNMERRME B kg RO T

FH 12 PR T, R 90 AN AU MRS S 1 (i 1], 28 v 24 €0 3 1 Sy AT R RNOHE B B R e o T AL R
ARAFUMHERRAE B, AE X IR SR, PRI 1.

=
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Figure 1. Standard fingerprint of coffee based on HPLC (the enlarge figure was the overlapping chromatograms of 1-10#
coffees)

E 1. SR e R I E R S EIE GRRE A 1104 iEE ERER)

34. BEEXRE

T8 Ik 2 %% 22 Y 5 [R]— WNERE o B SRR R S B SR, PRI R B T R T
T T B SRR R GURAEE T, TR 1.2 ATRTIR B 20, T AR Ak R R bR e 2k, FAAh Y = 8.56X
+0.94, R=1.000. R/FFEHLAMEL 90 AS4RMNMERE S () 1 AMFESD, AR 10 ASFATHRES, IR 1.2 95
AT EIEM, SRS R RRHEI 2, AR SRR SR, SRR, 10 KFATI
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TREE JE A AR THE (i 22 (RSDY A 3.4%, I3 Al €l B O VAR RORS 26 1S R AT, BRI ne 1 Fow.

Table 1. Results of 10 times parallel measurements of chlorogenic acid content

F 1. A—HRFERSE 10 XFHTUNERER

N TR B I ] e T e 5 FibEE(e)  EAMEBmL)  REpgmLl)  MESR%)
1 24.052 6458.6 307.8 0.9980 10 754.7 0.76
2 24.094 6876.4 3203 1.0010 10 803.6 0.80
3 24.037 7085.6 329.7 1.0090 10 828 0.82
4 23.996 7043.7 328.9 1.0080 10 823.1 0.82
5 24.018 6941.5 3214 1.0030 10 811.2 0.81
6 24.09 6611.5 307.7 1.0000 10 772.6 0.77
7 24.067 6926.5 321 1.0040 10 809.4 0.81
8 24.079 6642.5 308.6 1.0020 10 776.2 0.77
9 24.093 7225.8 336 1.0030 10 844.4 0.84
10 24.061 7081.5 330.6 1.0000 10 827.6 0.83
A 24.0587 6889.36 321.2 -- -- 805.1 0.8
RSD (%) 0.14 3.6 32 -- -- 3.6 34

25220 UG E A —WHERE S A ABLEE RO S5 5, PRAMINE R i A CURE TV R 5 B o BEATLIER 90 A2inin
MERE AR AT 1 AR, BRI 6 A TATRERR, 4218 1.2 TPTIRIIE RS b i, a5 SUnHERAErR SO, A
IR iSRS EE AR RUEETO RGE A FROHSE AR R TRV G R BUEIARIRE, 85 R0 2 3% 3 s

Table 2. Results of 17 characteristic peaks by 6 times parallel measurements HPLC fingerprint
= 2. E—MIMERE S 6 R TFATMIN R AE B 1B e S ENE 17 M HBIEER

5 CREGRTE S1 S2 S3 S4 S5 S6  XHRIRZURIE LR EIN[H] RSD (%) WETHIAR RSD (%) ILACELH
1 9791 21.043 22232 22.788 24266 21.741 21.909 22.33 0.1 4.97 6
2 12945 58143 63.101 64.246 67.814 71.345 69.969 65.77 0.07 7.46 6
3 14691 208302 216.115 207.783 184.42 215289 190.14  203.675 0.22 6.52 6
4 21784 503.079 534785 525.774 541.48 549.485 564.411  536.502 0.08 3.92 6
5 22.801 4073.729 4318.098 4336.369 4582.117 4466.375 4578.054  4392.457 0.05 439 6
6 23.324 1037.368 1085.278 1049.599 1104312 1073.476 1068.55  1069.764 0.15 2.25 6
7 2753 258218 269.798 267.238 289.506 277.41 283.988 27436 0.06 42 6
8 28291 28.071 27.773 28244 35493 30.111 30.522 30.036 0.07 9.67 6
9 28.644 119.876 128727 127.741 149.617 137.055 134.987 133 0.04 7.63 6
10 33374 54826 59.996 57.802 59.131 63.083 59.261 59.016 0.02 4.58 6
11 34887 20.631 23.198 23233 25.035 24393 21.941 23.072 0.03 6.96 6
12 35717 3897 42398 41443 45591 44208 4544 43.008 0.05 5.99 6
13 36.028 45347 49372 50364 52752 52.822 60.696 51.892 0.03 9.85 6
14 39671 51744 53.181 59.943 60.168 62.585 64.493 58.686 0.03 8.73 6
15 43.119 60.898 63.561 62581 67.131 67.703 70.457 65.389 0.05 5.53 6
16 43593 39.586 43211 43.62 49302 49.688 46.604 45335 0.04 8.64 6
17 44216 3708 35514 39.475 40.148 43.082 40.068 39.228 0.03 6.73 6
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Table 3. Results of similarity calculation by 6 times parallel measurements HPLC fingerprint

= 3. FE—mIMERE G 6 XTI R e it g EEAE T EESR

S1 S2 S3 S4 S5 S6 X HRAR SR i
S1 1.000 1.000 1.000 1.000 1.000 0.993 1.000
S2 1.000 1.000 1.000 1.000 1.000 0.993 1.000
S3 1.000 1.000 1.000 1.000 1.000 0.994 1.000
S4 1.000 1.000 1.000 1.000 1.000 0.994 1.000
S5 1.000 1.000 1.000 1.000 1.000 0.994 1.000
S6 0.993 0.993 0.994 0.994 0.994 1.000 0.996
R SR 1.000 1.000 1.000 1.000 1.000 0.996 1.000

f7e 2 FI4E 3 v, AR S WO G B A 17 AN LA (il g, AR B IS TA] (19 AH X b v O 22 (RSD) )
INTF0.2%; WETHAR AR ST AR UEIR 22 (RSD)TE 10% LA - HGAH (it 48 S B REAR AL B KT 0.99, M5EFE
o AL BE 7 V2 R 2 B R0

3.5. MR E T ERE R

T8 I 2 AN R TR A Al AR it 5 bR v i S0 R A AL RE AN S B A i 5 b v R S0 TS A A
FERIZ SR, PPN RIALBETH S ONERE I . BN RS . B R AN R L5145 N WmHERE
i, A EIMEB R A, AERE 1.2 TR I E R ], S A bR R SRS, R 2 el
B T AR S R 0 AT 6 PAHMLEE . 45 R VRS REUE . WEmAHR RE 0L, T
FASE g A aiide. W 2 i A 50 m] LA 38 T S e HE I E B I 4 SR o (L2 A R A 5% R Bl A 4 TR 92 A
RIZFARAHE . FEARINE] 10 wi%B BB T, B¢ REOE 4 B0 I M R %2 B g 1A
REL R EAT, AR T RO Fl, ARG 30 wi% Ml 50 wt% [ K32k SR InHERE
anEAT RS, A5 R WK 4 Fos.

Table 4. Results of similarity calculation by using 6 methods of adulterated coffee from black barley flour

4. BAZBSBRIMEES o At ERMELSR
N EmBMR AL EmBRARIEE  EEHXAIGE  ERRARIEE  EEEAMKRIEE SERARIEE

1# 0.987810 0.978716 0.988183 0.985092 0.992887 0.991189
2# 0.970725 0.958788 0.991925 0.989346 0.996650 0.995763
3# 0.125629 0.005302 0.230029 0.073929 0.314785 0.376331
4# 0.229387 0.201627 0.212878 0.114877 0.290602 0.311343
S# 0.226341 0.123238 0.242357 0.119393 0.755483 0.802145
o 0.222161 0.116166 0.234256 0.113483 0.802284 0.839435
T# 0.915157 0.908189 0.985407 0.975559 0.984982 0.986786
8# 0.984535 0.975745 0.995197 0.990122 0.997379 0.997529
# 0.939517 0.917930 0.994112 0.980947 0.996017 0.996603
10# 0.970765 0.959108 0.990650 0.982033 0.996356 0.996824
11# 0.951665 0.941302 0.996285 0.989901 0.996946 0.997246
12# 0.941271 0.920100 0.974156 0.963130 0.989772 0.990642
13# 0.983077 0.961842 0.975984 0.966702 0.977252 0.977557
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ZIRIE T 34 4 SHA 64N BRI B MIHERE i, L S#FN 6#53 71108 50 wi% Ml 30 wt% ¥ K5
R MNEERE S, AR T34t 4 F7AH U TE 0.25 LAR, A AH OC R B0 AHADUEE R 4 1t I f 42 %24 U
FERIFE 0.75 LAE o 113 AR 4 IR b 5% 28 B0k A1 4 PRI 2 A A% 52 AVADURE T B % SRS A5 45 4l A o5 4 0
FERT 0.9, 145 EMIHERE SAHUEE /INT 0.4 IIbRHE, ANIE G FH T %8 70 0inE 75 32 ARABURE (1 150, T W T
RO R B0 Vel e RA0E . G TIAR 6 £ 4% 5270 RV 1 ey A% %0038 FH 1 S5 1 mim e v AR AL BE i1
B, H¥HRGCR.

3.6. EFIR/NERE

B AT IR SR N, VP A TTE R ARE ST SRS S A S R A 2H
AL, F 1.2 TR RINERE OIS, S AUt AErE SO, A b2 Gk o A B
ARG R A T B OC R BGE AU« W A 0 RBOGEABLRE L W T A A A 510 fBLJBE M1 e g
S ARTLPAINEE, CAEAEIIERE AR R T 0.9, TS ENMERE SN T 0.4 JubndE, B A 7100 A
BTN s MBI, S8R 5. 3% 6 MR T FoR. SiPREW], ATTEN BRE R, EraER
B R R AT S5 e NB IR IR E 1 wite, RARMERISERIRES .

Table 5. Inspection results of minimum adulteration amount of black barley flour

5. BAZHALNRNSRENERER

N UEE TRT AP R 2R 0k e I AR R AR e U P A R AR B0 W 55 S R AR eV
1# 0.987810 0.978716 0.988183 0.985092
2 0.970725 0.958788 0.991925 0.989346
34 0.934867 0.930454 0.975295 0.966533
44 0.973779 0.962235 0.994417 0.987005
54 0.951987 0.916571 0.948415 0.938012
6# 0.932940 0.904161 0.957854 0.947072
74 0.958898 0.948407 0.980428 0.967344
8# 0.215534 0.099108 0.231860 0.111468
o# 0.222161 0.116166 0.234256 0.113483
10# 0.226341 0.123238 0.242357 0.119393
11# 0.222608 0.112736 0.234244 0.112395
124 0.229387 0.201627 0.212878 0.114877
134 0.310854 0.121357 0.278201 0.054283

225 1 8#, O#, 10#, 11#, 12#, 13#FESCABEIMERE &, 52 1 wit%es 2 wt%. 5 wt%- 8 wt%-
10 wt% SRR FIB ML & o I3t h S 2 2 eERE S AU KT 0.9, 1B RMIHERE f /T 0.4 1
bR, ] DA E AT RN R Z2 8 AT S i MBI EN 1 wi%.
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Table 6. Inspection results of minimum adulteration amount of Brazilian berry powder

* 6. BRSRMTERSMERENERLE

N UEE THT AP R 2R 0k WA I AR R AR e U v A O AR BT W 55 S R AR eV
1# 0.253683 0.219390 0.202287 0.058474
24 0.144190 0.060544 0.225249 0.141741
34 0.143973 0.058387 0.221356 0.139467
4 0.153879 0.067944 0.226606 0.143470
St 0.136390 0.021145 0.231257 0.137735
6 0.144601 0.022861 0.240862 0.142486
7# 0.947617 0.932628 0.942241 0.920048
8# 0.971091 0.967345 0.979105 0.965162
94 0.940528 0.941124 0.963589 0.960850
104 0.949318 0.900086 0.959273 0.946665

o I, 24, 3#. 4 SH. OHFESL NS IERMIHERE S, R E T wit%s 2 wit%, 5 wit%, 8 wit%-
10 wt% L 27 o A5 A HERE i o D045 SR 35 A2 i Ml RE S AR U KT 0.9, TSR MIHERE &/ T 0.4
FIbRIEE, AT DUR 2 AS T vt B G 2 SR T S i /MBI N 1 wit%.

Table 7. Inspection results of minimum adulteration amount of black corn flour

=7 BERBALEINRNBRENERER

N W T AU 2% AR s WA T AR e A A ek W FR A 2R AR e 2 3 R AR TRV
1# 0.947617 0.932628 0.942241 0.920048
2# 0.940528 0.941124 0.963589 0.960850
3# 0.971091 0.967345 0.979105 0.965162
4# 0.949318 0.900086 0.959273 0.946665
S5# 0.124083 0.015755 0.192189 0.056430
6# 0.163529 0.067663 0.240126 0.147115
T# 0.143973 0.058387 0.221356 0.139467
8# 0.173336 0.069592 0.248600 0.149735
ot 0.157593 0.065442 0.230494 0.143466
10# 0.164584 0.071107 0.232381 0.143518

KT S#H, 6#, TH, S#, 9H#, 10#FESCABEIIHERE S, A2 1 wi%. 2 wt%. 5 wt%. 8 wit%-
10 W% 2 T KM IS N MEARE & o I3t 6 gl RS S AR U KT 0.9, TS ARMIHERE /T 0.4 1)
FrifE, 7] DAR S A7 o0 EL TG R R v S5 ) BN B RN 1 wit%.

4. &5ig
AR A T () B BT R R 7 S0 R A 2R e T R 2 ) 62 1 0 2 PR 5 8B € I 1 U i, U 90
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AR b ST R AR HEFE SRS, RS BRSO, A B R AR
B MR T AT 0 die B BER DY 1wt — Tl 3 T i RGRUH il Fia 0 B S 0 eSS B 7 1% AT
POTERGE, RSEELL, ORISR, BEMRUL T SE PRI s mES B T 1), v RGBU i AiE
S BRI T AR B BRI T 2%

& H
] ¢ ot e W B AR 6 K 28 A R BB R H (20161K054); | A A 56 468 R B 4RI 351 H (2016GDK 17) .
SE 3k
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