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Smultaneous D etemination of Five Catechins and Caffeine in Tea by
HA.C and D ifferentiation of Teas by Cluster A nalysis

KANG Hai-ning, CHEN Bo', HAN Chao, CHEN Jun-hui"®, WANG Xiao-ru"®
(1 Deparment of Chamistry and the Key L aboraiory of A nalytical Science of MOE, College of Chamistry and
Chamical Engineering, Xianen University, Xianen 361005, Ching 2 College of Chenistry and Chamical
Engineering, Oceanography U niversity of China, Qingdao 266003, China; 3 Qingdao Key L ab of
A nalytical Technology Development and Standardization of Chinese M edicines,
First Institute Oceanography of SOA, Qingdao 266061, China)

Abstract A method was developed for smultaneous detemination of five catechins( ( - ) -gallocate-
chin, ( - ) -epigallocatechin, ( - ) -epigallocatechin-3-gallate, ( - ) -epicatechin, ( - ) -epicatechin-
gallate) and caffeine by HALC with diode array detection (DAD). The tea extract was sparated on a
C;s colunmnwhichwas then eluted with methanol and 0. 05% trifuoroacetic acid lution in gradient elu-
tion mode The chramatogranswere smultaneously detected by DAD atA ,,, ., for ( - ) -gallocatechin
(GC) and atA 5. for the other components Time of flight mass gectrosoopy (TOF - M S) was used
for qualitative analysisof real tea ssmple, the results shoved that five catechins and caffeine were base-
line sparated, indicating that the six camponents could be detemined accurately The method has
been used b detemine the catechins and caffeine in 33 tea sanpleswith satifactory results Cluster a-
nalysis has been used to classify 33 tea sanples reasonably and to differentiate the qualitiesof the tea by
using the concentrations of the six camponents as indices
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1976  Hoefler ' HA.C , 1996 Gotwo'®
8 LC/UV ,
Dalluge ' 6
, GCG/EGCG  C/EC HA.C
(8- (-)- (&C) , 278 mm ,
(-)- (GC) (&) e
210 m  GC, 278 m , ESI TOF-MS
, HALC 33 6 ,
1
1.1
Agilent 1100 ( Agilent ): , DAD ; GL969A ESI
TOF-MS ( Agilent  ); M IKRO 22R (); MilliQ50
( millipore )
(HR.C ) Tedia , (HR.C M erck ,
Signa , ( )
: , (-)-ECG M P Biomedicals ,
(-)-EGCG, (-)-EGC, (-)-GC Signa , (-)-EC Fluka
1000mg- L°*
1.2
0.5¢ 100 mL , 50 mL 90 .90 ,
10 min 10 min ( 6 000 r/min) , 10 mL 50 mL
. 0.45um
1.3
Sinochrom ODS- BP(4. 6 mm i. d. X200 mm, 54 m, ), A
B 0.05% , 13%A (5 min)——"" 2006 A (5 min)—"" 250 A (5
min——"" 4006A—"" g0%A, 0.8 mL /min, 100 L
1.4 (TOF-MYS)
, 3.5 KV, 150 V, 350 12
L /min(N,), 3.1x10° Pa
2
2.1
( SL1, , 2004 ) :
2.1.1 100% 50%
, 100% 50% , ,
. 6 , ’ , ,
2.1.2 (90 )
6 , “ 13 6
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, GC , 6 10 min
(90 ) : : :
, , 10 min
2.1.3 5 100 90 80 70 60
, L3 , , 100 ,
, GC EGC 100 , EGCG EC ECG 90
, 90 100 , 90
2.1. 4 - , - 0. 05%
- 0.05% 3 , , - 0. 05%
, \ 278 i ,
GC ) 278 rm ) ) 210 nrm
, cC 210 m DAD , 210
m 278 T
2.2
, GC EGCG EC ECG 100 mg- L~ l, EGC 300
mg- L* 50mg- L' m{ g) : A
1 1
1 6
Table 1l L inearity of calibration curves of six components
Retention time Standard . ) Correlation coefficient L inear range LOD
. Regression equation
t/min canponent r mi g m/ng
11 433 cC A =18 861 m +92 683 (210 rm) 0 999 9 Q05 100 75
21 813 EGC A =224 52m - 2 509 2(278 rm) 1 0000 020 400 16 5
26. 823 Caffeine A=3268 2m +3 792 8(278 nm) Q0 999 6 005 100 7 4
29 842 EGCG A=1396 7m - 52 092(278 rm) 0 999 8 020 400 250
33 696 EC A =674 13m +1 705 1(278 rm) 0 999 8 005 100 200
44, 647 ECG A=2488 9m - 4 316 9(278 nm) 1 0000 005 100 11 5
2.3
1, (YW32) HR_.C/DAD -
ESI TOF-MS 2
ECG
120- 3
3
= caffeine 20 28.14
:é 804 k=
< N
g EGC )
GCG 2 101 4
-g 407 { Ec 3 . ) 3176 ¢ 4; o
5 K
3 ) cC # 11.94 22.49 3513 40 s 068
0 % o & % 0 B %™ & % &
t/min t/ min
B 1 iRARHEA WA 28 (278 nm) B2 L= BIR(YW32)H) ESI TOF - MS
Fig. 1 Chromatogram of mixed standards EETFiRE
of 6 components at 278 nm Fig.2 TIC of Lushan Yunwu tea( YW32)

1. GC; 2. EGC; 3. caffine; 4. EGCG; 5. EC;
6. GCG; 7. ECG; 8. CG
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6 : HALC/DAD
2.4
2.4.1 ( SL1) , 0 2 4 8 12 30h
, 0 12h , 30 h
, 12 h HA.C
2.4.2 ( S1L1) , 6 1.2 ,
HA.C , , RID 1.4%, RID
3.3%,
2.4.3 ( YW32) 3
, 1.2 , “ 1.3 , 2 2
2 (n=3)
Table 3 The resultsof recovery experiments(n =3)
Original Added Found Recovery RD
Camponent
m/mg mp /Mg mg /mg R/% s /%
cC 13 13 25 96 49
EGC 237 18 0 412 99 13
Caffeine 12 2 151 27. 3 100 07
EGCG 380 415 8l 3 102 07
EC 83 77 15 8 99 22
ECG 100 11 3 211 99 15
2.5
33 6 , 3
3 6
Table 3 Contentsof six canponents in tea sanples
_ ws /(mg- g'*)
SanpleNa Number Sampling date -
GC ECGC caffeine ECGCG EC ECG
1 YW 32 Autumn, 2004 26 47. 3 24, 4 76 0 16 7 200
2 YW 85 Autumn, 2004 23 347 349 9% 8 121 245
3 YW 145 Autumn, 2004 25 36 1 325 104. 0 11 3 251
4 G&N Autumn, 2004 12 143 399 122 8 7.7 21 6
5 LXC Autumn, 2004 Q7 17. 1 46 2 149 3 6 2 26 7
6 RUER-2 Autumn, 2004 nd” nd 334 nd nd Q7
7 RUER-1 Autunn, 2004 nd nd 339 nd 30 nd
8 RUER-T Autunn, 2004 nd nd 35 2 nd 31 nd
9 BLGF Autumn, 2004 nd 58 371 6 5 nd 17
10 HC Autumn, 2004 nd 6 5 260 58 nd 20 4
11 XP50 Autunn, 2004 22 41 7 27.5 600 105 87
12 XP100 Autumn, 2004 19 44 5 25 8 66 8 10 2 88
13 XP130 Autumn, 2004 16 43 0 26 7 69 7 99 92
14 XP200 Autunn, 2004 14 425 231 62 5 101 83
15 XP250 Autumn, 2004 16 36 6 20 8 61 7 88 85
16 XP400 Autumn, 2004 18 36 6 210 65 6 8 6 89
17 @125 Autumn, 2004 23 641 16.0 56 9 10 4 57
18 D180 Autumn, 2004 14 36 8 17. 6 530 87 72
19 XH80 Autumn, 2004 19 41 4 20 5 52 6 7.8 60
20 XH120 Autumn, 2004 14 42 8 17.1 50 3 10 0 7.3
21 XH180 Autumn, 2004 14 349 17.1 54 3 83 7.5
22 FH40 Autumn, 2004 05 62 5 42 0 91 5 nd 76
23 FH150 Autunn, 2004 Q9 29 2 349 125 0 45 13 0
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( 3)
/(mg g *
SampleNa Number Sampling date WB_ (mg- g )
GC EGC caffeine EGCG EC ECG
24 FH400 Autumn, 2004 Q7 14 5 331 131 4 17 12 0
25 DPZ1 Autumn, 2004 26 314 235 43 2 93 75
26 SL1 Autumn, 2004 14 29 6 24. 5 43 6 87 72
27 DPZ22 Autumn, 2004 19 334 27. 2 50 1 90 80
28 SL2 Autumn, 2004 12 26. 5 26 3 45 2 7.0 67
29 DPZ1J Autumn, 2004 23 36 0 18 6 50 1 11 2 90
30 SL1 Autumn, 2004 25 427 19 2 57.7 11 8 96
31 LB 2005-1-7 nd 131 319 65 35 6 4
32 LO 2004 - 9- 15 12 24. 4 316 58 2 59 83
33 LG 2005-1-23 17 371 313 835 93 11 8
*: nd nodetected; 1- 3 Lughan yunwu tea) ; 4 Cougunao) ; 5 L aoxian tea) ; G 2nd grade
d no detected (Lush ea) ( ) (L eoxian tea) (2nd grad
puer tea) ; 7. (1st grade puer ted) ; 8 (extra grade puer tea) ; 9 (Bailing gongfu tea) ; 10, (Hongsui
tea) ; 11- 21 1- 11(Tieguanyin teal - 11); 22 - 24 1- 3(Fenghuang teal - 3); 25- 30 1-6(Wuyiteal-
6); 3L (Lipton red tea) ; 32 (Lipton Wulong tea) ; 33 (Lipton green tea)
2.6 33 .
Rescaled Distance Cluster Combine
SPSS11. 5 oA S Eyn 2 5 10 15 20 25
PUER 7
33 PUERT 1 ﬁ_.
. PUER2 6
, Average L inkage BLGF 3
SC
’ 3 sI{WSS lg
YW32
3 ' 20 ! 33 SJL1 2;
sJL2 23
3 ’ 1 3 , LO 32
DPZ1}
3 SJL1) gg
! ! DPZ1 25
GD180 18
’ y XH180 21
XH120 20
15
, GC EC ) Xbwo 16
XH80 19
EC ECG, XP100 12
XP130 13
XP200 14
2 4 XPs0 11
DPZ2 27
kx]
18 ' 4 3 '(-;‘]:)lﬁ 17
FH150 23
: 18 FHA0 2
LXC
’ 3 ’ FH40 22
6 18 :
) 3 33
, , Fig. 3 Dendrogran of 33 tea sanples using cluster analysis
) , EGCG, ECG
L L L 6 L
- 6 , ,
(ESI TOF - MYS) , ,
GC
33 , 6 , 33
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