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Quality evaluation of matcha from different producing areas by HPLC
fingerprint, multi-component quantitative and chemical pattern recognition
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Abstract: Objective To establish HPLC fingerprint and multi-component content determination of Matcha from different producing areas,
and evaluate the quality of Matcha from different producing areas combined with chemical pattern recognition method, so as to provide basis
for its further research and development. Methods The HPLC analysis was performed on Agilent Eclipse Plus Cis chromatographic column,
mobile phase was acetonitrile (A)-0.1% phosphoric acid (B) for gradient elution, the volume flow rate was 1.0 mL/min, the detection
wavelength was 278 nm, the column temperature was 35 °C, and the injection volume was 10 uL. HPLC fingerprints of 27 batches of Matcha
from different places were established by using the software of similarity evaluation system of chromatographic fingerprints of traditional
Chinese medicine (version A) (National Pharmacopoeia Committee 2004) and the similarity was analyzed. Cluster analysis, principal
component analysis (PCA) and partial least squares-discriminant analysis (PLS-DA) were carried out by using IBM SPSS statistics 20 and
Origin 2023b software. The chemical components were identified and quantitatively determined by comparing with the reference substances.
Results The HPLC fingerprints of 27 batches of Matcha matched 23 common peaks, which were identified respectively. Peak 4 was gallic

acid, peak 6 was epigallocatechin (EGC), peak 8 was catechin, peak 9 was caffeine, peak 12 was epicatechin, peak 13 was epigallocatechin-
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3-gallate (EGCQG), peak 14 was gallocatechin gallate (GCG), peak 16 was rutin, peak 17 was epicatechin gallate (ECG), peak 21 was quercetin

and peak 22 was kaempferol. The similarity of fingerprints ranged from 0.983 to 1.000. Twenty-seven batches of Matcha were divided into

four categories by cluster analysis. PCA showed that the quality of Matcha produced in Jiangkou and Weng 'an was better. Eight differential

components, such as caffeine, EGCG, catechin, kaempferol, GCG and gallic acid, were screened by PLS-DA analysis. The contents of eleven

components of gallic acid, EGC, catechin, caffeine, epicatechin, EGCG, GCG, rutin, ECG, quercetin and kaempferol in the sample swere
0.10—0.85, 8.27—4.36,4.21—3.84,42.23—72.37, 10.41—10.41, 48.52—72.89. 0.12—0.73. 0.53—1.76. 21.43—28.60. 0.01—0.04.
0.03—0.38 mg/g, respectively. Conclusion The established HPLC fingerprint of Matcha is simple and reliable. Caffeine, EGCG, catechin,

kaempferol, GCG and gallic acid can be used as index components for quality evaluation of Matcha.

Key words: Matcha; fingerprint; caffeine; epigallocatechin-3-gallate; catechin; kaempferol; gallocatechin gallate; gallic acid; catechins;

chemical identification mode; principal component analysis
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Table 1 Information of Matcha samples from different
places at different times
BT CREERTIR  FEHh | FEARE CREERTIR e
S1 2018-08-22 TR | S15  2019-05-16 FtHI A%
S2 2019-07-18 SMIL |  S16  2018-05-16 M A%
S3 2018-05-14 HMEE| S17  2019-05-16 FtHITH
S4 2019-05-21 SIMRAK| S18  2019-06-04 Ht | Fg
S5 2019-07-02 #JH&EZ| S19  2019-06-28 M H
S6 2018-08-10 HH&EZ| S20  2019-07-12 SHM A%
S7 2018-05-23 HHMERE|  S21  2019-06-11 iM% %
S8 2019-06-28 TN % S22 2018-09-12 Bt &%
S9 2018-05-14 HHMRK| S23  2018-07-12 SHM A%
S10 2018-08-22 HMRN | S24  2019-05-21 S=HINITH
S11 2019-06-04 SRIMITH|  S25  2022-10-13 ST H
S12 2019-05-17 TiME%|  S26  2022-10-13 HHHITH
S13 2019-06-04 BRI | S27  2021-10-13 /N EF
S14 2019-05-23 HHMAZ
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Fig.1 HPLC fingerprint of Matcha extract
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Fig.2 Diagram of mixed reference substance (A), sample
(B) and solvent blank (C)
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14-GCG, 16571, 17-ECG, 21-#itf &, 22-1LZH,

4-gallic acid, 6-EGC, 8-catechin, 9-caffeine, 12-epicatechin, 13-
EGCG, 14-GCG, 16-rutin, 17-ECG, 21-quercetin, 22-kaempferol.

3 HRFKERMHEERXIBLEL
Fig.3 Common pattern fingerprint of Matcha water

extract

2 HZFIREY) HPLC 355U EEHEE SR
Table 2 Similarity analysis results of HPLC fingerprint of
Matcha extract

ZTRS) FBLEAE TR FABLEEAE
S1 0.995 S15 0.995
S2 0.999 S16 0.994
S3 0.999 S17 1.000
S4 0.999 S18 0.994
S5 1.000 S19 0.998
S6 0.998 S20 0.998
S7 0.998 S21 0.999
S8 0.998 S22 1.000
S9 0.997 S23 1.000
S10 0.995 S24 0.997
S11 1.000 S25 1.000
S12 0.996 S26 1.000
S13 0.998 S27 0.983
S14 0.999

RR B 2

0 5 10 15 20 25

[7207207%]
NN

4 27 IRFHRBLESTE
Fig. 4 Cluster analysis diagram of 27 batches of Matcha

samples
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Table 3 Eigenvalue and variance contribution rate

TR T A 7 ETTRE /% RBTETTRE %

1 6.547 28.467 28.467
2 3.661 15.917 44.384
3 2.770 12.042 56.426
4 1.986 8.636 65.062
5 1.863 8.101 73.163
6 1.405 6.110 79.272
7 1.034 4.495 83.767

IRl F- R fur AR R S R T % R 5 23 AN %
BPEaa A 2 AIAH G R, 4R NEK 4, £ 1 E
Ry EE T g 1~4. 6~10. 12, 164 19
PG R, 252 FRir BT Bikig 13 MEE,
3 EN BT G 11, 14, 15, 17, 18
PG, 284 By BRI T Bukig 5 E R,
55 ER FE R T EEE 20 FIERE, 6 E
By O T itk 21 SR, B 7 Bl
PR T kg 22, 23 FIfE .

Fz 4 EFHEEERE
Table 4 Factor load matrix

SR Uil

CE 72 773 7 4 7S 76 77
F1 0.900 -0.299 —0.046 —-0.084 —0.135 —0.011 -0.050
F2 0.788 —0.092 0.101 —0.127 0.033 0.106 —0.096
F3 0.776 —0.181 —0.280 0.195 0.030 0.249 0.317
F4 0.733 0.252 0.214 -0.399 —0.250 0.057 -0.220
F5 0.689 0.148 —0.163 0.482 —0.262 -0.200 —0.088
Fo6 0.672 0.154 0.300 0.257 0.066 0.187 0.040
F7 0.637 0.548 —0.155 -0.139 0.398 0.020 —0.245
F8 0.631 0.556 —0.009 0.108 0.026 —0.245 0.193
F9 0.623 0.255 -0.350 0.173 —-0.264 —0.446 0.056
F10 0.588 —0.455 -0.210 0.021 —-0.238 0.146 —-0.297
F11 0.517 0.298 0.494 —-0.404 —0.363 0.035 —0.018
F12 0.386 —0.812 —0.048 0.285 0.044 -0.028 -0.026
F13 —0.052 0.733 0.394 -0.180 0.334 0.022 -0.093
F14 0.140 -0.703 0.376 0.038 0.267 -0.229 0.045
F15 0.081 0.191 0.756 0.315 —0.055 -0.233 -0.288
F16 0.497 0.086 —0.556 0.275 0.420 0.008 —-0.309
F17 0.407 —-0.420 0.531 0.118 0.402 0.241 0.023
F18 0.438 —0.365 0.506 -0.182 0.344 0.052 0.126
F19 0.521 —0.118 —0.227 —0.659 -0.270 0.220 0.264
F20 0.189 0.326 —0.440 —0.148 0.647 0.214 0.159
F21 -0.217 0.067 —0.044 0.227 -0.366 0.625 —0.085
F22 0.054 —0.368 —0.155 —0.454 0.107 -0.564 0.125
F23 0.281 0.381 0.305 0.438 -0.099 0.009 0.592
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iGFH SPSS A iHB 27 IR ZSRES I R4S S6. S21. S14. S5. S1. S17. S11. S18. S20. S7.
g, AR ER A N R TTERR VAU E 2B 45 S S2 M S25, Hg S Bkt 1, dHiX 13 Mtk
25y, HHATHER, SRWFE S, BFES A, S4.  HEFEHRERLT .

x5 22T MHEENERSEFESFHF

Table 5 Principal component factor score and ranking of 27 batches of Matcha

BASE —— ‘ ‘ —Le \ \ ——— ¥
FERGr1 ERGr2 ERGr3 ENG 4 ENGS ERG e ERUNT ZRE
S1 -2.07 2.92 2.36 —0.20 0.15 —0.44 0.27 2.99 6
S2 -2.35 0.23 2.52 0.14 0.82 —0.30 0.51 1.57 12
S3 1.65 -1.43 -0.98 -1.29 -1.13 —0.87 -0.20 —4.25 23
S4 2.52 0.57 3.82 1.55 —0.15 —0.40 —0.82 7.06 1
S5 0.90 0.92 0.44 0.30 2.50 0.70 —0.86 4.88
S6 4.85 2.92 0.60 1.84 -1.01 —1.60 —0.95 6.68 2
S7 —0.64 -0.51 2.74 1.29 —0.52 —0.55 -0.16 1.66 11
S8 -3.27 0.48 1.20 —0.12 -0.57 1.40 -0.96 -1.83 19
S9 -0.91 —5.68 0.54 0.52 0.55 -1.79 -0.27 =7.04 25
S10 —3.42 1.24 1.03 -0.71 —0.02 —0.45 -0.29 —2.63 20
S11 0.89 0.54 -0.59 1.08 —2.57 2.45 0.61 2.42 8
S12 —4.07 1.11 -0.87 —0.90 -0.37 —0.28 1.35 —4.03 22
S13 -1.15 -0.76 -2.59 1.89 -0.25 2.36 —-0.61 -1.10 17
S14 2.20 1.96 -2.52 1.17 3.07 —0.43 -0.25 5.21 4
S15 -0.85 1.50 -2.92 2.53 —1.65 —2.63 1.21 -2.81 21
S16 1.80 -3.31 0.10 1.08 —0.12 1.00 -0.54 0.01 15
S17 -0.13 -3.17 0.71 2.00 0.34 1.03 2.07 2.86 7
S18 0.54 0.45 -1.00 -0.41 3.00 0.78 -1.10 2.27 9
S19 1.41 0.50 -0.95 —0.76 0.07 0.71 -0.45 0.53 14
S20 0.76 -0.33 0.27 -1.09 0.78 0.63 1.04 2.05 10
S21 0.81 2.33 -0.24 —0.40 0.45 0.90 2.45 6.34 3
S22 -5.4 0.19 -0.52 —0.74 -1.50 0.17 -1.80 -9.56 27
S23 0.00 -1.03 0.67 -2.53 1.39 —0.83 1.34 -0.99 16
S24 -1.50 0.90 -1.27 -1.06 —-0.75 -0.22 —0.81 —4.71 24
S25 5.61 0.16 0.50 —3.35 -1.92 0.55 -0.03 1.52 13
S26 2.82 -1.36 —0.67 —0.88 —0.95 —0.43 -0.24 -1.72 18
S27 -1.01 -1.31 —2.40 —0.99 0.30 —1.47 -0.51 —7.38 26
PL 27 SitHk7% HPLC FREUEING 1) 23 AL gl o} il

AR R, S SIMCA-P 14.1 W8, 25047 3 i

AR AR L 5. SR TR, T ! S e

R AUTE OSBRI, IL. AL A%l B T W
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AGLE R 0 T Y- 0 P M 2 B ST BT, o

R IR P 2 A A7 1 5 K . S 4 2 e 3 e

2.5.3 PLS-DA 7riT 4 1 SEAF MR ILALIR 225 R%{1]1=0.28 RZX[Z]:OJlSt[I}Ellipse:Hotelling’s T2 (95%)

BB 7 A MBS PLS-DA R, JEAfIE T

SO 2EL IR 2 5 TR R IR 2 K 27 AL BS 27 HARAEMS 57 EHE

Fig.5 Principal component score matrix of 27 batches of

PRI HPLC a4 Elirh 23 NMLA MU R R S Matcha
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A SIMCA-P 14.1 8, 34T PLS-DA ZL 73 #r143),

Wi HEh WA R AR EE R
(variable importance in projection, VIP) {H & /it
2R GV EE AR, VIP E S, X4 2= R
IS ek 44, ik X VIP {H AT b, 183 E
FPERCY VIP 550 B, WKl 6, 1575 W& 6,
DA VIP {E>1 B, fhiktt 7 8 NMEE, 4% VIP
B K/ IR HE P i eERR . EGCG. JLA& &
Wy, GCG. W 7. W2, WETIR, X8y
EAF PR i 2] 7 EEAEH, 2HEn
R EERED.

)
257
201
1.5
1.0
05
0

O T _—

VIP[1]

VarID (Primary)

El6 23 MEIGIER VIP 52E
Fig. 6 VIP score chart of 23 chromatographic peaks of

Matcha

R6 HKFE 23 N BIBIER VIP 55
Table 6 VIP scores of 23 chromatographic peaks of

Matcha
g VIP {8 WS VIP {8

IR 1.571580 | #itdezk 0.896 388
EGCG 1.373780 | & 18 0.873 846
JLHER 1.358050 | ECG 0.846 615
e 1.346 880 | %3 0.829 720
GCG 1329230 | U5 0.823 644
I 7 1.155430 | &7 0.760 470
% 2 1.035380 | %20 0.734 560
BT 1.022460 | FILEHR 0.721 647
EGC 0.979 791 I 15 0.686 471
% 10 0.945769 | %19 0.556 155
I 1 0.931386 | 11 0.394 639
U 23 0.904 202

2.6 H®REF N NMERSENENE

2.6.1 ZMEXRFRFHE FFEWE “2.1.17 WUFNEE
TR+ EGC. JLEER. WM. F£ILFZE. EGCG.
GCG. 7T ECG. Mtz LZmR-Ex i 1.

3. 5. 10+ 15, 20 pL, $% “2.27 TR (i 264504
TSR DI R IR AR (V), #EHFERH
MEAARR (O HHTZRIERIE, 2185 SRR
BN Y werm=2.716 X+11.91 (r=0.997), YicG=41.799
X+43401 (r=0994), Y 1:=127.34X—388.13 (r=
0.998), Y2 5029 X—4622.6 (r=0998), Y wusz=
14141 X—4216.4 (r=0.997), Yeceo=1 700.1 X+
4538.2 (r=0.999), Y5c6=22.936 X+58.742 (=0.997),
Y sr=1980.8 X+ 10286 (+=0.998), Yec=1667.6
X—5590.2 (r=0.997), Y mrx—2.673 7 X—
2.6616 (r=0999), Yumm=42438X—6.9444 (r=
0.998).

2.6.2 FEEEAL  REEWEL “2.1.17 TR IRE R
TSR 10 uL, 3% “2.27 TR (o s s b it
6 X, IZIEMAITE RSD H. W B TR, EGC. JL
KA MHERR . £ILE K. EGCG. GCG. /1.

ECG. #it iz 2 LI A= i #2 RSD 435124 3.06%-
1.66%-2.41%- 0.06%- 0.60%- 1.01%- 1.61%- 3.46%-
0.28%. 2.53%. 1.38%.

2,63 FEEME  BUEHFES (IS S26), 1%
“2.1.17 TR I7ES BPPAT A8 6 A I, 1%
“2.27 LUK s AT S0 br . B TR EGC. L
RE ML, RILFEE . BGCG. GCG. T .

ECG. #it i 2%« 111 25y & f= 1) RSD 1H 7351 9 1.62%-
1.70%- 2.35%- 1.12%- 3.63%- 3.92%+ 2.16%+ 3.21%.
2.50%. 1.54%. 3.15%.

2.6.4 FaEMEREE B “2.1.17 TR H & R
W (S26), F& “2.27 T F IERE K2 RIE 0y

2. 4, 8. 12, 24 hitiEdlE, skl i,
WE T EGC. JLA F  WMHER . & LA K . EGCG.
GCG~ FT . ECG. Mtz LM miRF RSD
TN 1.50%- 1.12%- 1.66%-+ 0.06%-+ 0.99%- 0.85%-
0.26%- 3.87%- 1.55%. 3.19%. 3.20%.

2.6.5 IFEEIMCRIRLE  BCEE RS (S
S26) &, W4, H 0.25g, MM e, BHIEHE
X, 2RlkEEmMA—E &% E TR, EGC.
JLZRE S MIHERE . LA E . EGCG. GCG. T .
ECG- it Bz 25« 1l 25 W VR 6 5 L il %9, TR 2.1.27
UR 5B S AR S R, 7R “2.27 TRt
SR REATINGE , WGE & B B B, VRS L
JOEEEISCR AT RSD fH, 5 R¥B TR EGC. JL
&, T, EGCG. ECG. GCG. #JLZEE.
MEGR . MR 2. Ll 23 W 10 2 IR U A B
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99.43%-97.49%-96.91%+99.82%+96.69%-98.16%-
97.62%- 96.82%- 97.85%- 95.81%. 97.75%, RSD
BN T 5%,

2.6.6 FEREENE 27 ALERZFFE SR K 1% 18

“2.1.27 WU 5 AR AR, 7E €227 TR
WA AT HERE A0, MSE 11 N I AR,
NBELFEVEATTRE, THE SRR ERE 5 b 5 R 2
SR W 7.

F=T 27T HERFMERD 11 FAS S ERNE

Table 7 Detection results of 11 components in 27 batches of Matcha samples

RS E/(mg-g ™)

# HETR  EBEGC JLEFE  MT  EGCG  ECG  GCG  #JLEFE  wied Mz LIEH
S1 0.12 17.41 892 164 6211 2681 0.73 13.76 68.73 0.01 0.04
S2 0.56 16.22 714 105 4982 2602 0.41 14.04 42.89 0.01 0.05
S3 0.14 1324 1384 076 5564 2481  0.53 13.53 63.25 0.02 0.03
S4 0.85 2391 892  1.05 4858 2223 091 11.97 46.63 0.02 0.07
S5 0.15 19.11 833 071 6344 2311 050 15.03 66.14 0.01 0.05
S6 0.81 21.38 691 151 6051 2595 025 12.54 62.39 0.01 0.12
S7 0.85 1253 1255 063  61.82 2594  0.12 1127 4233 0.02 0.14
S8 0.12 17.21 864 105 6215 2860 037 13.76 68.73 0.06 0.04
S9 0.56 13.32 715 076 4986 2632  0.14 1425 4287 0.02 0.05
S10 0.14 1291 1083 151 5562 2481 035 13.53 63.25 0.01 0.05
S11 0.85 23.24 831  1.17 4852 2206 0.19 10.91 46.67 0.02 0.38
S12 0.15 19.12 803 151 6343 2333 055 15.03 66.15 0.01 0.05
S13 0.81 21.41 6.19 059 6051 2599 0.24 12.56 62.93 0.03 0.04
S14 0.85 2436 522 163 6182 2596 027 12.71 4223 0.05 0.03
S15 0.12 17.34 982  0.69 6213 2684 037 10.67 68.77 0.01 0.12
S16 0.18 9.22 945 156 5688 2345 0.67 13.76 50.34 0.02 0.24
S17 0.10 20.00 873 149 7289 2292 031 13.14 7237 0.04 0.04
S18 0.15 17.14 718 084 6436 2271 0.2 1527 61.87 0.02 0.04
S19 0.09 20.85 6.67 163 6897 2660 0.5 10.41 64.46 0.02 0.04
S20 0.12 17.42 711 159 7045 2608 022 15.51 66.89 0.01 0.08
S21 0.11 10.83 812  1.64 6627 2616 0.64 1525 72.32 0.04 0.04
S22 0.77 15.55 643 053 6353 2167 032 12.23 60.15 0.03 0.09
S23 0.19 9.26 651 056 56.84 2314 029 10.67 50.03 0.03 0.11
S24 0.14 8.27 954 155 59.66 2533  0.54 12.19 58.77 0.01 0.08
S25 0.21 19.21 963 139 5315 2143  0.60 15.34 54.62 0.01 0.31
S26 0.13 10.14 912 1.07 6427 2414  0.64 16.06 61.40 0.02 0.31
S27 0.14 20.90 421 175 7060 2255  0.66 16.49 67.45 0.02 0.04
3 g FERGSCR B2, LRSS b e s . WAL AT

FERR M AT AL BT VA BRI, ARSI E LT A
FEHREGT) (50%HEE. 70%HEE. 99.5%FEE. 50%
ToIKCHE T0%TCK LBE 99.7% /K L EEHHD
PEUOTE GEFIRIIINAGE L), JREUE (15,
30, 60, 90min), FEEEL (1. 2. 3. 470, %
B B4R (154 250 30, 50 mL) X kST 40 &1

O B FENTRPR  F 0 SR 70% F AR A ER G,
25 mL %57, HA 30 min, $EEX 1K, RN
WA Tk (EPAIRFERT, POAAR SR R A —
WA FEFIRTINES, N TG TR, Ak
GRFEE, KEVLEDmPAEG S, EEE S A

Kbk mitk, 2n5E 2200 270, 278, 330. 360
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nm; 45 RFWALE 278 nm R HIEOCFEE F 4R
Hbr b &P r) g s 2, i e fe g B e r 2
K, ARSI 278 nm A AR K. 1AL, %
FEMALEFRE e, AT T OHE-K. HEE-K, 2
AR R B S I T DL R o B 5, 4
i -7k AR R R I B 45 AR T KR &R, (HIETY
IREE, Pt DA FELE KA A IS R VR B B IR .
BR. BRI, 25BN SR BT, &k
TEAE RTS8 FEW AT 248 & o By DAAR SIEBGR H
LM -0 1% B B K WA E R BN AR o« 75 SE8 2
RIHEZ I E B 2%, A S B E R BOR,
P[5 AF DG SCHR -5 R S50 A5 HA 1R 458 KB ]

ARSEIGNT 27 AR Hh RS H SR A T AT
F, AR M, v DURE N4 T & W
HPEM AR . SRS EIEAALE A, 27
HEVAE AU 2575 T 0.983, AR P~ k254
22 RS AL RARARL, (A REVRE b 2 [RL 22 R A
TR EER RPN 4 2K,
KEB AL DRI EE 22 PR S SN — 28 i R R R 4%
FER IR —2K, HIERTRERILN . B%HE
HIE) 07 #hery 20 R g, PR s adli, HIER
JEWSAOVEGE S H ORI AR A, TR HL X AR T
HARBE, KB, WS AE KRR
=R, AL S21 $ % 5 HAHLIRIAAS 2 18R
B/ EEE—EMES, BMEN—I; S4. S6 BN
—2, ERE ST S AT AL FE I RE A 2 2 R BILX P HLRE
Al 28 HE BRI B R P R I R, HEIX — I R ] B
HREMMERERER. TR E T
M. BRI ERL, HZAKSHX A%,
R EWT-SIEE R R, AR E s i HE AT
B SR e BB . %526 45 AT LUK S BAHT
RIRES N . Zid PLS-DA 0 #rifiik t 9. 13,
8. 22, 14, 7. 2. 4 SWENZEFEY, ST,
Horb o S NMNHERL . 13 5184 EGCG. 8 SN
JLEEE . 22 S NILER . 14 51§85 GCG. 4 %
RNEBETER, HRZERIEWEE G0 — D
FFEIN

AT T 5 5 ASANF = AL 1) HPLC $i7
gUEE, T 23 NMEAVE, SEERNE
BE SOV O FEe RS U E LT, it 8
ZEAREND, FFNE TS 1 ARV I,
AN T KT AT P2 RS A R 53 38T 77 [ (1)
2. BT TEUENE . EEMELE, TR TR

R R ARG A F AR 11 M5

PR SR ZE IR REAT TR b, B4R

WARPLIIES « TP ES E A
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