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HPLC Fingerprint and Quantitative Analysis of Water-Soluble Components in Anhua Dark Tea

WANG Bin', DENG Huiyun', WU Mao', GUO Yaping', DENG Bin'?, MA Qiang', XIE Lianwu"*
(1. Institute of Applied Chemistry, College of Sciences, Central South University of Forestry and Technology, Changsha 410004, China;
2. School of Chemical Biology and Environmental Engineering, Xiangnan University, Chenzhou 423043, China)

Abstract: Objective: To fingerprint dark tea from Anhua, Hunan using high performance liquid chromatography (HPLC)
and to quantitatively determine its major water-soluble constituents for the purpose of providing theoretical evidence for the
identification of Anhua black tea. Methods: A total of 22 dark tea samples from Anhua, Hunan and 4 dark tea samples from
other provinces (Liupu tea from Guangxi, Tusi tea from Sichuan, brick tea from Hubei and Pu’er tea from Yunnan) were
fingerprinted by HPLC. The chromatographic conditions were as follows: gradient elution using 0.17% acetic acid aqueous
solution as mobile phase A and acetonitrile as mobile phase B; column temperature, 30 °C; flow rate, 1.0 mL/min; and
detection wavelength, 280 nm. Similarity evaluation and principal component analysis were performed to ascertain the peaks
common to these tea samples. Results: A total of 19 peaks were common to all Anhua dark tea samples with similarities
ranging from 0.783 to 0.958 while the similarities between Anhua dark tea and other dark tea samples were quite low
(lower than 0.3). Furthermore, the contents of gallic acid and epigallocatechin gallate in Anhua dark tea were remarkably
higher than in any other dark tea, but caffeine in Liupu tea and gallocatechin in Pu’er Tea were significantly more abundant
in Anhua dark tea. In addition, fuzhuanin A could be detected only in Anhua dark tea and hence regarded as an effective
indicator for the identification of Anhua dark tea. Conclusion: The established HPLC fingerprinting method can be used to
identify and evaluate Anhua dark tea based on fuzhuanin A content.
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Tablel Information about the dark tea samples used in this study
s LN FE b RIR A7 H
S1 RN T2 WA PHAS T A PR A H] 2014.3
S2 [SPAAEIRTFS W VRS 2015.5
S3 A IRIE A% W A A A PR A F] 2014.12
S4 e IR AR S TR R R AR 2015.8
S5 WENEWRE  HIEEEATHRAR 2014.12
S6 RS WFEEE AR AR A A 2015.8
S7 SAEIRRE R RO A PR A F] 2015.7
S8 MPAFE RARFE IR A PHAS T A PR A H] 2015.2
S9 ENEN/ LN R TR TE TR A AT PRA ] 2015.7
S10 AR e A AOA FRA ] 2014.8
S11 WFERR WIS E A A PR A A 2014.9
S12 HIPERR IR IRAT 2015.8
S13 HRANRRKE R B ENFAT PRAF] 2014.7
S14 M TIERR TR T R 2014.7
S15 PR TR W A A A PRA F 2015.3
S16 AHEPE WIEd A F A PRA F 2015.3
S17 WFETPE WG FE IO AR A 2015.3
S18 BENTHALE R BENFOARAF] 2015.10
S19 mHIZEAME W D E A 2014.12
S20 BB EPE IR IRAT 2014.8
S21 TRIE TR E P AS R TR TE TR A AT PR A ] 2014.10
S22 PR HAE 1 P A AT PR A F] 2014.10
S23 DRI S e BN EL e 50l 2014.8
S24 PRSI TERAESOWHARAR 201411
S25 WAL i A% WAL AR AST 2015.4
S26 [LVANCE S I VEAE M R A 2015.4
S27 TP i A WA B 2016.4
S28 B R WIFE w B 2016.4

I 5. PRAE R A (fuzhuanins, FZA) ,
HZBARN R RERRERRBMN. BETILRER
((-)-gallocatechin, GC, #t*5BZP0451) . REE
TILFE R BB TRRE ((-)-epigallocatechin gallate,
EGCG, #t5BZP0159) . HEBFILAX R E S TN
((-)-gallocatechin gallate, GCG, #t5BZP0162) .
KILFKREEFHE ((-)-epicatechin gallate,
ECG, #t'5BZP0160) . WNHE[A (caffeine, CAF,
#'5BZP0602) . ¥ X TR (gallic acid, GA, b5
BZP0110) . JLAFRKE TN ((-)-catechin gallate,
CG, #t'FBZP0452) . £ JLFKZE ((-)-epicatechin,
EC, #t5BZP1035) . ¥FHBETILEZE
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1.0 mL/min. 2)Hr i/ 80 min. #6 ¥ i 77 92 -
0~4 min, 6% B; 4~16 min, 6%~14% B;
16~22 min, 14%~15% B; 22~32 min, 15%~18% B;
32~37 min, 18% B; 37~55 min, 18%~35% B;
55~60 min, 35%~55% B, 60~65min, 55%~25% B;
65~70 min, 25%~20% B; 70~80 min, 20%~6% B.
F G VAT EL S AL ] 2410 min.

133 Tk H
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RSD) , H8AUBMIREHE L.

1333  FRmEtkse
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FUIRSD, %% BASIE U M Fa s 1 .
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Table2 Linear equation between peak areas and concentrations of

dark tea components

Rt LRPERNA 5 (AR AUE ) MR RER
GA y=>5605 698.4x—555.571 0.999 1
GC =549 806.3x+33 074.275 0.999 3
EGC »=2008 748.5x—22 738.623 0.999 6
CAF y=24313970.2x— 183 194.508 0.999 0
EC »=06118 949.9x+106 529.620 0.999 7
EGCG y=9260 134.4x—822 327.946 0.999 0
GCG y=11500 156.9x—232 374.75 0.999 9
ECG y=16202 755.5x—58 998.221 0.999 2
CG y=14 450 715.7x—450 241.863 0.999 4
TFBG y=47 892 780.8x—25 916.669 0.999 9
FZA y=156 586 084.1x—282 560.85 0.999 9

2,12 UEAEE LS

FE R % PE S b, 1% B ep & A 0kt R I R B
I 8] FIRSD H0.67% ~2.32%, X S W& A IRSD Ny
0.17%~2.75%, RWA1Z SS90 72 BT st F (0 i 430 A
EHEGERLT.
213 FEAFRE AR

EREME ST . 1 P & S ik R IR B
I 8] IRSD A0.13% ~0.59%, X 5 & [ #1 (I RSD Jy
0.23%~2.25%, B SELG (IR Sl A e PR o
214 STk EE ML

EEG S, 1% R b & A 0 R R
I 8] FIRSD A 0.23% ~0.88%, X 5 & [ A fJRSD Ny
0.51%~2.73%, FPAARSLLS LR HEEME R I,
2,15 nbRES E 2k

N T E RN AR, B g AR
i AN —Z BRI (CAF. EC. CG) W, %
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Table3 Recoveries of spiked standards
B FEmf i Rmg ORI RE/mg SllEmg  EER%

CAF 0.2853 0.2992 0.5895 101.7

EC 0.0650 0.098 0 0.1620 99.0

CG 0.0072 0.0135 0.0208 100.8

PN AT N < s R I v A O B ST g 5
98.0%~105% 2 [f], TF& iESFIE, Mot iEnT
T RAFE S AT
22 R B IR AU RS R A A

F IR O SLIHPLC A M 7vk, X9 AR BT K
(1922 D22 A BB ARE S ERE AT, K BT AR 3 1) € I s
TSN (ERZMY (20104 KA1+ 2 o0k
AUV RS, 133220 BRI HPLCHR S i,
1Af7R. LRI NI, WEIBHIR, it 5XiE
RO B B B XE, L 711 RAE Y, N GA
GC. CAF. EGC. EC., EGCG. GCG. ECG. TFBG,
FZA5CG.

A
i
= p
I_ T U U .I T T
0 12 24 36 48 60 72 84
PR EE ) B]/min
B
2
400
300+
3200
=
1004 1
O T T T T T T T
10 20 30 40 50 60 70 80

R B8 I [A)/min
LARI: 2. GA; 3. GC; 4.4£%H1; 5.FZA; 6. EGC; 7. CAF;
8. 4&%0; 9. EC; 10. EGCG; 11. GCG; 12.K%1; 13.K%0;
14K %1; 15. ECG; 16. CG; 17. TFBG; 18440 19. 8%,

1 BEERERKEERS (A) MEEBEFRBERS TR (B)
HPLCH L il
Fig.1 HPLC fingerprints of water-soluble components (A) and
common peaks (B) from Anhua dark tea samples
23 AL B ARE B HPLCHE S0 &S i A LB VRN

FESCA BT, XA B RE S B AT ARLLEE PF 4
FHE 726 A FRARFER AL S R, WnRAPTR.

4 HAEATRMEBESHAL™ BB HLE
Table4 Similarities between Anhua dark tea and other dark teas
under common pattern
(AL e AAALLEE FE g ARALLEE
S1 0.867 S14 0.900
S2 0.956 S15 0.958
S3 0.938 S16 0.851
S4 0.929 S17 0.952
S5 0.955 S18 0.922
S6 0.783 S19 0.953
S7 0.950 S20 0.923
S8 0.936 S21 0.881
S9 0.925 S22 0.943
S10 0.891 S23 0.171
Si1 0.909 S24 0.198
S12 0.938 S25 0.285
S13 0.929 S26 0.180
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(0.783) L4, HAerztk
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WUEEAR, #/NT0.3. ANE=HL, AE &R

24

Table 5

*5

AHMBGREFEERS &R

e

oz

e

FRAESEA BT KA UL Y
KA T 5 2RI

IR,
JEZESR, AREUUE TIEURL. ML ITZ. PR IR SR
FEREHIAN o
R ORI R Ry B B A

Contents of major components in different brands of dark tea

mg/g

GA

GC

EGC

CAF

EC

EGCG

GCG

ECG

(G

FZA

TFBG

St

$20
S21
/)
Al
S4
A
§26
S
528

6.688 5
9.0175
16475
140167
103496
144920
12530
140268
9.663 6
164327
12,6340
141779
137121
162590
17.1165
8.0030
87332
240393
16498
132402
19.7773
137947
42343
41193
48563
413
315496
61975

87779
16,7475
T0450
24005
129454
57186
17.0088
247428
259592
252667
14688
165309
206249
26,6985
245186
155481

199153
15,5045
385330
3131
427653
299153
496766
258924

69296
3371

41892
149798
41347

69348

200353
9.1266
112235
245679
103000
84207

69663

24.1862
157270
117600
48139

184929
8.6811

127936
114209
6.7960
0.908 6
32500
37029
32505

117485
133002

103421
15,7875
9.3350
160110
107278
83355
213126
170691
198425
19.6097
159616
183700
14091
195935
162937
171888
200228
26554
215370
194781
21,0499
180566
00321
208293
206872
80499
322730
303602

1.5604
0.6875
15500
40093
04870
21107
4098
29464
15974
5.0438
09083
0.7196
12270
5.0040
43825
38868
08220
44305
08076
24388
44023
22804
ND
ND
27192
3412
58091
16577

94824
9.1925
9.5975
187923
51133
6.6015
145927
133893
151546
259176
101122
150268
68246
265399
197124
26294
142835
174317
164799
149382
29381
126463
ND
22918
33309
29381
82040
706181

14974
1.1675
0.8600
29590
1.3454
15117
13604
17601
14343
19203
20038
14901
14120
21663
18476
23704
18483
11799
6.2883
24602
17308
12948
05379
05249
12262
17308
08910
42998

21005
19918
19726
49803
11450
11704
37374
44669
41269
4817
21168
22418
17546
50159
48822
6.7512
31783
40090
23037
40346
50839
31245
0.1597
0.1649
20620
247124
15337
9.2623

11988
08350
09500
1.6370
11925
13030
10390
12395
11076
12712
12944
09919
12414
13219
24344
09303
11238
10376
12522
13024
13746
08421
8.5590
08305
14609
13746
11918
25671

0.0029
00250
0.0078
0.0316
00123
00351
0.0017
0.0014
0.0083
0.0047
0.0053
00116
00101
00515
0.1386
00132
00077
0.0043
0.0098
0.0410
0.0878
0.0026
ND
ND
ND
ND
ND
ND

03040
02759
0.166 5
0.168 6
02073
0.3800
02610
0.1497
02624
0.3499
04401
03038
02441
05601
0.5473
02196
02905
0.2646
0.1757
04117
0.5503
0.1432
0.0371
0.0302
0.0440
0.0282
05347
ND

i

NDARAGH -
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$ B 131 o i R 46 BT SRR R, 6  ERAMHHERBAD
13235 i & F, HERELO ul, TSRS W, i ﬁ [l!% Table 6 Analysis of varianc:nc;)lntl:ibution in principal component
WU, RS AR TR, s — — —
KR A EERAWER, DTRET, WESH YT aees mowen a0 ks B
e W, BT BIE BRI EFZACLYN, 154 A I3 34391 34391 3783 34391 34391
SMEBRRE MR BB TR OB R gk D 2 e e B

3 1.857 16.878 70.897 1.857 16.878 70.897

FtHFZA, WTLABH], FZAGZ 20 B AE N Tt A v £ 9838 80722 1081 9825 8072
AR, TR AR VR ME T2 ST FZAR AR, 5068 6.197 86919
WIFZATT LLAE A 22 10 S 2 R A8 A 4y JLUR, it 6 0 5 0
NI CAR & R TIUR BT KRR, HILE U o
Bt 220 AW L, ZXrrh CAFS EAE AW D, 9 0IR 1472 98914
1 T B S U, 1525 2 T 1 SR AL 490 DA R B 1 R S0 58 A 00 0T s
SR TR DT SEUNLE R Ao, B HknE % L — o
b, A R BB CAF S R EAIE A, B T 4
IR RAEY, TR LR e, e DL B iR o «
FIHP, FRG, Fif BAEE G TFBG, THEH e diok €]
KtHTFBG, ULWITFBGHL R 1E B I TR p P2 . 1 = ]
S IRHE R R, BRI IR, Y AR & .
I, AR, LSRR I BT ]
T, RS THCEM B AL S BT LS R AR VR M R B Jrhgm%é}éi
AR AL, BE, SECSEERIARS BER. 5 B2 R A
Ak, A @i%%ﬂf HEGCG. ECG. CGI* g%@%?ﬁ;ﬁﬂﬁ Fig.2  Scatter plot of principal component analysis
BEALIBAE, SEACRME R R, LIS
TREALREGCG. ECG. CGIRy 13- 2 5 R, 3 & #

TE4 AHME BARE SR, )1 - F SR A HEC,
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Bedhs RN PCAFS RE A 2B, Wit U PO ZE0.8SLL b, T AN RS, D)t
HREERRN GBS R EEIEENEZER, WA, @ A BE WHLERE S L & P 254 Fhoh g BB S 2k
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EGCGHI & m i T HAtd FAME AR S, itz e WSIOSERE 3T T2 BT R B 0T, B3 T R
VAR, ATRER T RO, TR AR, RRE] SRR SRR ROk, T
FIEEAL . 0T T2 LU SRk SRR 2 (A ] i S, AN G TE LR Z KRy RS mE R, g

25 EWRSSHT

TR BT AT DA S ks 2 gD s AT R R AL B,
i 326 HH A /2 (R AT DA SR BT 20 T e 8 P s, B T HAE
B DT 43 BT e R fRT BAR DS, 7R R R B B A
F, B8 AMFER TP TS S SR & RAE AR R, X
FIT A BBERE AT E R A, RN . ERr A
T AR 4 AN 3 553 T LARERE80.722% I BE % L 43
BEE. FR, {537 Fma 0B, wE2ETR.

I 2 A R RE SO — R3S, FTide oA PR R
VN T — R R 2T RSB e e i AN 22T i 5
M, BT BCH L AR i TR RS R, SR

P OB AFAE R I S, A 3 ik
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B EACR S NTEER ER R, RN YR
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