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@ E: L Zorbax SB-C18 5 TSKgel ODS-100Z X 2 i i AEX] 12 L0173 B RO . UMD 50, Wil
pH 8. FE IR 5 9 8 55 5 T 0 AL 638 S5 0, R XS AT Jr ek = 28 A LU R SRR 8 N TG A 37 T — o [R] B s
KPR AE TR (GA). 8 FJLAHEZE (GC. EGC, C, EGCG, EC. GCG, ECG, CG) 5 3 MAm (il
Bl 2R RO ) R A AR (3 CHPLC) K J5 o 8 52 B9 d A0 (038 2% 7 D5 . SR AT TSKgel ODS-100Z
(4.6 mmX150 mm, 5 pm) @R, WK 2% FBRKER (A MDD FHEE (BH), YBITRH 83%A (0
min) >75%A (5 min) >73%A (7 min) —>58%A (16 min) —~83% A (18 min), A K 40°C, HWHEHN 1.0 mL
s min ', KIS 280 nm. & A WHH P RR AR OC R B TE 0,999 0 LU, DR BRI T 5 0 TR R
B RSD 43 51/hF 0.105% 5 4. 076 %, MAR SRR 97. 767 % ~104. 766 %6 . Z T IEHA RIFMLMEX R, HE
BEAIBIWCR, XS R 40 (4> S RO, S TR M iR B TR . JLAS R K AWl & 2 i HERH A2 .
KW & HPLC; WEFRR; JLAERIE: LW
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Simultaneous HPLC Determination of Gallic Acid, Catechins and Alkaloids in Tea

WANG Li-li, Chen Jian, Song Zhen-shuo, Chen Lin”

(Tea Research Institutes Fujian Academy of Agricultural Sciences, Fu'an, Fujian 355015, China)
Abstract: Using HPLC, an analytical method was developed to simultaneously determine the contents of gallic acid
(GA) ., 8 catechins (i.e. , GC, EGC, C, EGCG, EC, GCG, ECG and CG) and 3 alkaloids (i. e., theobromine,
theophylline and caffeine) in tea. Separation of the 12 chemicals on two chromatographic columns (Zorbax SB-C18
and TSKgel ODS-100Z) were investigated. The chromatographic conditions applied were the result from
optimizations of the elution mode, pH of the mobile phase, column temperature and flow rate. They included:
maintaining TSKgel ODS-100Z column at 40°C, using 2% formic acid-water solution (mobile phase A) and
methanol (mobile phase B) with the gradient elution mode of 83% A (Omin) —>75% A (5min) —>73% A (7min)
—>58% A (16min) —>83% A (18min) at the flow rate of 1. 0 mL * min !, and detecting at the wavelength of 280
nm. Methodological evaluation and application on 6 tea samples were subsequently conducted for verification. The
correlation coefficients of the resulting linear equations for all of the components were greater than 0. 9990, RSDs %
of accuracy of the retention time and peak area lower than 0.105% and 4.076% , respectively, and the recovery
rates from 97.767% to 104.766%. It appeared that the newly developed analytical method could yield linear
relationships on data, as well as desirable precision, recovery and separability on the measurements for accurate and
simultaneous determinations of gallic acid, catechins and alkaloids in tea.
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HPLC 5 J7 vk AF7e i sh M 4 e R 4= L 4%
Frif a5 K (Bt 30 min) 7 3 B A% O g B
RSRIY B B LA R AL o AT SR ), e DA 2
BB BELAS 2 5 P o B e T oK . 4T
AR B il 3 B Zorbax SB-C18 5 TSKgel ODS-
100Z 2 P EF X E FIR (GA) . 8 FLAE R K
(GC, EGC, C. EGCG., EC., GCG., ECG 1
CG) 5 3 FMAWrmk (vl nlfs . A< 0 Ao e A 55
12 N B AR, AN X i sh M
pH {H . FEIR 5 34 )y A Ak 3 5 0F, 5 7
— AT [F] 3 B A BT As e 12 A2 43 1 HPLC A&
W, A TE A LA R 25 A i f = i P
B AE . AR CGRUORE . 206 R0
mi) TR L A 22 A 0 A BRIE AL 5 A
S il 6 T BIF 9 45 B LA

1 #M#HS575*

1.1 #5558

HEASRE . B (W 6%, AR, WET
KLk GHYESR S, W), Witk (WS
KAl REE LR A AT D . MRS e
CBRWLE S ek, RRIRAE .

FEE T JLEK E (epigallocatechin, EGC),
REETILEEE B FME (epigallocatechin
gallicacid, EGCG). & JL #& £ ( epicatechin,
EC), RILAZRKE TN (epicatechin gallate,
ECG)., % & T M (gallate, GA)., 7] 1] B
(theobromine, TB) #1 M0 ME#K (caffeine, CAF)
WA BT AT G FD B A BRA R, 4l >
98%; %W (theophylline, TP), W& TILZKE
(gallocatechin, GC) FIEE FILFEREE TMRAEL
(gallocatechin gallate, GCG) W B ¥ [ ik 3 i G
PR, 4B >980%; JLAE (catechin, C)
MILEZEHKE THERES (catechin gallate, CG) WH
2 [E Sigma /A H], i >98%; HE (HPLC %,
Sigma-Aldrich); BB KR [T & 49% ~51%
(T), HPLC %, Fluka]; WEE (5472, LiFHE
2y Ak,

F[E Agilent1260 RURAH A% R 5, WM
X (GI311C VL), #ri#fE A ShiEHEAR (G1329B) .
FEMRAR (GI316A) MM ML & (G1315D
VL); AL204 H F K (3 EH Mettler Toledo);
{6, 3% #£ Zorbax SB-C18 (4.6 mm X 150 mm, 5
pm, 3 E Agilent) 5 TSKgel ODS-100Z (4.6
mmX 150 mm, 5 pm, HZ Tosoh); ACD-0502-

U SR =Maik 28 (HKMIAE); All basic 4047
FHAF BE AL MS3 basic /N B i e TR 4 #% (ff =
IKA); DHC-9246A HLPVER SR T4 (IR
%) DK-8D B HL $E R KA (Bl —1E); pH
¥k at (pHH 0.5~5.5, il —=%/E); PTFE
FRuERE (0.45 pm, TROODY) %,

1.2 HPLC AEEiL

1.2.1  ARE ez a & 55 FR B br i
(GA., EGC, EGCG. EC, ECG. GC, GCG, C,
CG. W] °I A%, mmME 6 A1 2% 88D i &=, 20%
HPLC B, 4 E 1omL, il B0k AR K
A 200, 400, 400, 400, 400, 200, 400, 200,
200, 400, 400, 400 pg » mL ' {0 kR HE 5 6k 45 T
—20°CHRAFR ] . B A M A o, 4% —E LU R
Fe o B — R YA [R) 5T 5 v B2 AR UE S . O R
KAWL, WA, HIRIEGRER,. T 4°CH&R
e .

1.2.2 @fuiit EESICH [10] W@
WEAE, WA 2% H R KA W (A AHD R H
(B A, VEBFEF R 82% A (0 min) —40% A
(15 min)—>82% A (17 min), #EkEH: 10 pL, FEIR
40°C, i 1 mL « min~ ', KWK 280 nm, b
¢ Zorbax SB-C18 5 TSKgel ODS-100Z 2 {6 1%
FEXT 12 A4 43 19 43 85 AR, 8 B G 3 8 0% AE
RIGA M LB 7 XD 82% A (0 min) —>40%
A (15 min)—>82% A (17 min); @ 83% A (0
min) >50%A (16 min) —>83% A (18 min); &
83%A (0 min) —>75% A (5 min) —>73% A (7
min) —>58% A (16 min) —>83% A (18 min) ],
pH ff (2.5, 3.0, 3.5, 4.0), H & (36, 38,
40°CH, W (0.8, 1.0, 1.2 mL « min ') Hik
55 R % A i A A I 7 B8O Bt S R £
LBy

1.2.3 FxFESZAFAMNE MbrfEML. &
R R PR . RS RE . R T A [l W 3R AR Ty T X
EREMAIEFN TS A, BuE s T8O, I
PLZ Rl S b i & e . LA R R Yo
i, REENTYR G ENE S BCER [11], #2
BO7 M BARATR . FREBUE BRASHE 0. 200 g, IN&:
TOCHAA 1 707 W EEV W 10 mL, 5 HETR ).
70°C/AKHIR R 20 min, FERH, ¥ DWW ER 2
10 mL A, 4. W EREW, MM A
R G B, bR, frill. DU b 4R ORI 4
3AEAT, FRNA 53 & & DR OR .
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1., 459K, % Zorbax SB-C18 i #: 1M & . & %
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ODS-100Z (&% # , BEE 75 =X i shAH pH {8 A IR
55 900 7 45 T A Ak G A

80 6
70 -

60

50

40 3 9 1
30 '

20 7

"
10 .“] 12

ta
r =

ra
s

6 8 10 12 14
B i) /min

RAESE2HEEEENSBERR

Separation of 12 components on 2 chromatographic columns

. OBSH5HAMMRKRIRN: 18 GA, 28 GC, 38 TB, 4 4 EGC, 5% C, 64 TP, 73 EGCG, 8/ CAF, 9 4 EC, 10H
GCG, 11 H ECG, 12 1 CG; Q@i WMl 2% W R/KER (AHD FIPE (BMHD; O@%H.: ay Zorbax SB-C18 {4
R, 82%A (0 min) —~40%A (15 min) —82%A (17 min), b Jy TSKgel ODS-100Z {4354k,

2.1.2 RBAZ X WEHE A M5 BAHAK. M
AR TC LG B0 5 V0 A — B, iR i, AR
BB e R e V. 12 AN ZH 50 FE 10 min
AR, BR 8. 9 SR oK 58 A Ik B L 3 B AL
HAeHS B R (B 2-a), TEMERL B, Wig st
JBR B AR AL B, BIREARVE I 2 50 (16 min) il
AT A ML, 8. 9. 10 504y B AR B i
H, Aoy ERTEE K 2 12 min (B 2-b); #7 i
— DS R DR RS, IR E (5~7 min P
PHRE VR RE B, WIRBHE— BB 9. 10 SRR E
B O(E 2-0), M E, by c 2 Ry 2y a]{#
JIT A 20 5 BEAS IR B L2k o B, LT A ) A (a] B
S, AH 2 R R A3 AT A% A S s EL Al 2 5 RT e
TH . SHARIE 9, 10 S A B K1 05
B, B, SRR c .

2.1.3 %% pHAL TSKgel ODS-100Z {4 i i
FREEAZ 1) pH HIEE N 2. 0~7.5, LRk 4
TFA R T ILR R Y AR e A e, i 56 i
A A AR MR B SR R pH (E, IR LA
W pH{H (4.0, 3.5, 3.0 M 2.5 Z&{TF 12 44
SYEISY AL (K 3) . S5 R, S R v BE Ay

FRIKISWXS 5. 6 S B A B, RIAK .
M pHE A 3.0, 3.5 5 400, 5, 6 S&F 5
HS; pHEN 2.5, MEEHESHRD, 5 ESCE R
£, AN, pHE N 4.0 B}, 1 5% (GA), 10 5
g (GCG) H 12 B (CG) KX AR A+ 4 31 J2:
0.75, 0.72 F1 0.71, WEXFFRME2Z, AHERE; pH
M 2.5, 3.05 3.5 B, 40X FREFAE 0. 80
~0.99, WEXTFRVETSEIME . b 10 I O R PR 45 e
AR s e . KRie R, AFE pH E
T, GA (151 BN —3, Dl pH
4.0 BT AR B /. B o B4l pH {E R 2.5,
BIECE 200 K IS WAE T 5l A AH

2.1.4 A& HPLC JyEtER—MREHE 410°C L
W T 40°C i 47 WA 8 T 635 A 09 8 1 7% 1w s
R % A T 36, 38, 40°C #:#d T TSKgel ODS-
100Z A 3EAEXT 12 50 143 B8R . 45 1R, +E
T A0°C B 4 4 73 43 B ROCR R4S BE G HE TR A BRI
5.6 S BEARAEE, R 36CCHEES
1w, HAREES 7. 8 S W M E S,
SO (B4, B 40°Ch R,
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Fig. 2 HPLC of 12 components under different elution modes
W WA 220 KW (A AR FIFEE (BAHD s YEBTKRIRR: a) 8220A (0 min) —40%A (15 min) —>82%A (17
min), b) 83%A (0 min) >50%A (16 min) —>83%A (1 8min), ¢) 83%A (0 min) —>75%A (5 min) =73%A (7 min)
—>58% A (16 min) —~83% A (18 min); A4k, TSKgel ODS-100Z; F:ik 40°C; W 1 mL « min~'; #EEERE 10 pLs KB
1 280 nm, FEARFRHIFEB AR T . LRSS h @3S - S8 L R i,
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Fig. 3 HPLC of 12 components under different pHs
He OUWMBAE XA : 83%A (0 min) >75%A (5 min) >73%A (7 min) ~58%A (16 min) ~83%A (18 min); @a. b. c.
d WM pH EMKKEE 4.0, 3.5, 3.05 2.5,
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Fig. 4 HPLC of 12 components under different column temperatures
H: ORI R A 83%A (0 min) >75%A (5 min) >73%A (7 min) >58%A (16 min) —~83%A (18 min); @a. b, c
IR A 36°C, 38°C 5 40°C,

2.1.5 Rk AR Ak 2 AH I M AR RN 2 53 i B HY DR ] 5 1. 2 mIL « min” R 4% 2H 43 0 [E]
Wt [, RO BRI ], A01&T 5 7R 0. 8 mL » min AT EERLH 5.6 SR ERCRII B 2T 0.8 mL + min
1.0 mL » min "B N, 12 255 B AT S IAR A 1 4 B L0 mL e mn "JHE, LKA LEFIE, ER 1O
ROR AR BORUE,0. 8 mL « min ' i AEIR T4 4H 53 mL « min " YA AR

7
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B5 AERESLEMGT 12 414HS HPLC
Fig. 5 HPLC of 12 components under different flow rates
H. OWEBMAFRN: 83%A (0 min) >75%A (5 min) >73%A (7 min) >58%A (16 min) —>83%A (18 min); @a, b, ¢
WEAKK A 0.8, 1.0, 1.2 mL * min !,
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2.2 FAEFEERREHENE

2.2.1 HEWL, HEBRAT TR BONREFEE
W A AR U SV WS B, 2. 17 KBRS Y
i & [t TSKgel ODS-100Z; i 3h
e 2% WHERAKEW (AMD FFEE (B A YEm
B 83%A (0 min) >75%A (5 min) —>73%
A (7 min) —58% A (16 min) —83% A (18
min); FE 40°C; i 1 mL « min '; JEFEE 10
pLs KK 280 nm | 43 #T, A5 4% o % g (1 04

A, DhHERE G R AL bR, TR R Ak AR, A
PRuE 2 . N 25 b o O VA VR R AR AR vk S
B, LLS/N=3 5 S/N=10 45K i B A1 A & BR .
BT A 18105 5 B2 A0 A OG 2R BOTE 0. 9990 LA b, R
A FERT IR VS I R X (pg e mL™) 5
ALY (mAUXS) RERIUFMEHEXR, HAER
BREL . [ R . AHOG R B, SRMEYE R L A BR AN
SERRILZE 1,

F1 REEE(min) EHEFEBAXEH LEEE RURMESR

Table 1 Retention time (min), linear equation, correlation coefficient, linear range, detection limit and quantitative limit
(87 /(pg e mL™")]
M5y 5 3| (519 5 2 PS4 M it BR E R
1 2.993 Y=27.702X—5.170 1. 0000 3.125~50 0.015 0. 045
2 3.398 Y=1.579X—1.175 0.9990 3.125~50 0. 333 1. 000
3 4. 361 Y=22.494 X+0. 393 1. 0000 3.125~50 0.015 0. 050
4 5. 796 Y=1.490X—7.512 0.9991 12. 5~200 0. 333 1. 000
5 6.232 Y=28.378X—1.789 0.9999 3.125~50 0. 050 0. 200
6 6.448 Y=23.965X+0.590 1. 0000 3.125~50 0.016 0. 050
7 8. 225 Y=12.554X—8.734 1. 0000 12. 5~200 0. 200 0. 833
8 8. 738 Y=25.821X+0. 306 1. 0000 3.125~50 0.024 0. 050
9 9.476 Y=7.574X+0.114 1. 0000 6.25~100 0. 050 0. 200
10 10. 277 Y=11.443 X—20. 767 0.9999 12.5~200 0. 050 0. 150
11 12.423 Y=17.467X—7.527 1. 0000 12.5~200 0. 050 0. 100
12 13. 789 Y=23.296 X—4.725 1. 0000 6.25~100 0.032 0. 100

E AT 55 —8 0 2. 1.1, TR,

2.2.2 MHEAEABEE ELEROIESETT, [
—IRAPRERGE SRR 5 WL E A IR EE, id
SRS 0 T W Y O 7 B) ) B W TR s BRIR] — TR A A
PR, T 0L 4, 8. 16 A1 24 h g DL B A
Tk vE, 15 A 65 05 Y OR BE e TE) by 0 T AR
(£ 2, K& ELE RN, B 45 09 % 8 e
W T AR A AT BR E AR 22 (RSD) 3 31/ T 0. 105 %
54.076% ; RREMIKE BN, BT 45 0 1R B
] A AR 9 RSD 43 5l /T 0. 105 % 5 5. 953 %,
A UL 3% W BT € 57 19 HPLC 3 ELA BL4F 0ok 25 B
HIR AR UETE 24 h INFaEE B4,

2.2.3 mkE RCHEEMAE LG, SR
TR B R S IR A PR TR 3 0y e bR i Ak ik
FEAI BT DSE ZR RS IR 5 25 AR & & (R 2),

SER R, & bR 07 1 R AE 97, 767 06 ~
104.766%, RSD¥JfE 2.233% LT, £ &Ky
0 IR 1 BER

2.2.4 FAEME A, A, WEE. KA. £
WM. B AR 6 DA “1.2.37 kIR EL,
K R AT AT, AR EE R, IR 15 1E R
IS Ay & &, A5 12 4141 HPLC &
K ORI ILIE 6 538 3, HIEl 6 Al Al iZ
AT, AFETR AR 12 AR5 I 4153 #0 BE 15 2] 52 1
S, WNERIFEM, 54409 EaED, L
RRALETYRERR 7.427% ~10.416%, CAF
di1.413% ~2.255%; LA h JLAF R & & K.
5 T 9 s & 0.738% 4 #7. CAF 2
0.833%.
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Table 2 Tests on accuracy, stability and recovery rate i/ %)
ki % )% RSD FaE M RSD [l HE (n=3)
M5 45
4 B8 5 i) U4 T R £ 8 B[R] U T AR FME RSD
1 0.028 0. 352 0.103 2. 646 103. 708 1. 053
2 0. 045 4. 076 0. 087 1. 087 99. 426 1. 450
3 0. 050 0.453 0.067 0.513 97.767 1.542
4 0.091 1. 607 0. 105 5.953 104. 766 0. 849
5 0.091 0. 750 0.061 1. 783 102. 638 0.636
6 0. 065 0.432 0.036 1. 803 103. 754 0. 946
7 0.105 0. 056 0.092 3. 844 99.124 1. 260
8 0. 058 0.112 0.041 2. 046 98.523 1.543
9 0.097 0. 164 0.068 1.517 99. 241 1.551
10 0. 098 0.111 0. 060 0. 695 103. 929 1. 381
11 0.070 0. 230 0. 059 1. 426 100. 921 0.674
12 0.067 0.410 0.068 1. 236 98. 641 2.233
500
: a
00 .
[
300
3 ‘
07 d
100 e
3 7 8 1
L, 4554 10 12 [
o
0 5 10 15 20 25
i) fmin
6 ZFHF 12 H5H HPLC
Fig. 6 HPLC of 12 components in teas
W oa BEAHE, bR, o KA, dHREE, e BLLAS, RS,
k3 FHEFEHESEE
Table 3 Content of 12 components in teas [#47/ (mge+g '), n=3]
ALy S S o A s app | A5 S s N kE = S kb
o) 2 IS FANPS M e KAl BRI H A FE o) £ PR FANP S A KAl W A A
1 0. 308 0.503 1. 455 1.232 0.222 0. 255 7 38.528 0. 815 41. 814 34. 281 48. 305 46.023
2 1. 443 1. 874 2.104 1. 865 1.411 3.532 8 14. 406 8. 329 22.549  18.696  14.128 15.551
3 1.043 0. 205 0. 876 0.343 0. 229 0.331 9 4.179 0.461 4. 435 4.631 6. 459 6. 385
4 13. 836 3.372 26.637  24.000 36.526 37.051 10 1. 160 ND 2. 165 1. 938 1. 144 1. 530
5 0.510 0. 205 0. 334 0. 381 0. 258 0. 344 11 14. 612 0. 466 7.617 7.769 9. 844 8. 905
6 0. 322 ND 0. 302 0.033 0. 159 0. 046 12 ND 0.184 0. 405 0. 307 0. 210 0. 345

T8 ND f8 AR A I ]
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Zorbax SB-C18 45 TSKgel ODS-100Z 2 Ff {01
FEXT 12 A4 50 95y B S LA T 22 5. 2 £ 3 A
RSF. B A R R M, B ¥ C18 #,
{H Zorbax SB-C18 Jif g & 22 iy 4 il 5 pH i [l
I L HGE 2 TSKgel ODS-100Z
AT T R B R TR KA Lh R A, BAT R
e BRE L, XA TR NME G W 1 53 B RE A B iR K
(R B8R O G 1 g sk R HETY . LS Zorbax
SB-C18 # It TSKgel ODS-1007Z &3 4% f T 47 Hh
SAEBERE TR, SAILEER. 3 AW 12 4~
Mo,

A pH {E X A 3% R A — & m ., K pH
WA M FAAB A HRE, ALBERER, 5
pH4. 0 #HE . pH 2.5 B 4% 2H 43 €6 33 0 6 Bk B F 34
FE 1.0 2247, WEXTRRME AR, 0 B SR IR IR BT RE A AL
MR, X5 T TS MR —
., WA, RE@ME (pH 2.5~4.0) &M T,
GA (RETB WEHRK/NA -, #EN5HR
EVEAR K, MW pH I, "B TR KA
KA, RaE AR M ETTEY BN, pH
X GA REAR BERW, Y RER AT
FasE, B pH (E MG InFa e Mz N R, B 5%
TF PR ARE,

Zi: bl W, TSKgel ODS-100Z {43 #% 7] /i T
AR TR . LA R I A W0 B i 0 A A A
W, Foge s A e DLW HRKIFW (A
A R EE (B A WA, Belir X 83% A
(0 min) >75% A (5 min) >73% A (7min) —
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